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This book is dedicated to the liquidators of the Chernobyl
disaster and to the people of Ukraine, Russia, and Belarus,
who must live with its legacy.

Two workers, without respirators, gloves, or heavy clothing,
involved in the construction of the “Sarcophagus” for Chernobyl’s
unit 4. (Courtesy of Anatolii Diatlov)
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Atomic-Powered Communism

Long live communism—the radiant future of all mankind.
—A slogan of Soviet socialism

Like many Americans, I am a child of the nuclear age. My first memories are of
fallout shelters, mushroom clouds, and rockets capable of carrying nuclear war-
heads as well as astronauts. I grew up in a nuclear family. My father was a nuclear
physicist who worked on reactor design. I got my first scar in Oak Ridge, Ten-
nessee, home of the United States’s effort to separate the fissile from nonfissile iso-
topes of uranium, when, as a three-year-old, I fell on a cinder block and cut my right
knee. So I have been honored to visit nuclear facilities in Chernobyl, Obninsk,
Severodvinsk, Kharkiv, Kiev, Moscow, Novosibirsk, and St. Petersburg to learn
firsthand about the Soviet nuclear age.

My interest in Soviet atoms for peace programs grew out of one of the greatest
misfortunes of the nuclear era: Chernobyl. Chernobyl touched me directly. As soon
as we learned about the terrible accident, Western news media interviewed the ex-
perts about what happened. Because of my work in the history of Soviet physics,
they broadcast interviews of me on radio and published fragments of my thoughts
in newspapers. In various lectures and in the article I wrote over the next few
weeks (“The Historical Roots of the Chernobyl Disaster”), I set forth my basic ideas
about the unique way in which the Soviet system shaped steel, concrete, water,
nuclear fuel, and the careers of scientists and engineers. Over the next few years,
while engaged in other projects, I returned to nuclear themes, visiting the glorious
sites of the Soviet atoms for peace programs; and I resolved to tell a story about the
transformation of symbols of progress, truth, and hope into those of despair and
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danger. This is a cautionary story of engineering hubris, and how the desire to
change the world for the better sent a nation stumbling headlong into calamity.

One of the symbols of hope was Chernobyl. When completed, with ten reactors
instead of the four that were built, the station would have powered Ukraine. I have
since visited Chernobyl, warming myself on top of one of the reactor units that func-
tions to this day and driving by the sarcophagus that entombs unit 4. That unit
exploded because of a foolhardy experiment, ejecting a dangerous cloud of radioac-
tivity into the atmosphere and spewing chunks of glowing uranium onto the ground
nearby. I have lived in Kiev and watched friends grapple with the deadly legacy of
Soviet nuclear engineering.

Another symbol of hope was Obninsk, site of the first reactor to produce elec-
tricity for a national grid in 1954, beating any United States effort to commercial-
ize nuclear power by four years. The Obninsk reactor is located about two hours
south of Moscow. A forerunner of the Chernobyl model and still in operation to this
day, the Obninsk power reactor was a propaganda coup for the Soviet Union. It de-
monstrated the peaceful intentions of the nation on the heels of President Dwight
Eisenhower’s address to the United Nations calling for shared nuclear know-how in
medicine, agriculture, transportation, and power generation for the benefit of ail
humankind. When 1 visited Obninsk in March 1998, a small leak of radioactive
water, hastily mopped up in my presence, immediately canceled any hopes I might
have had of warming myself upon that reactor.

This book is about how culture and politics shape the development of such
large-scale technologies as nuclear reactors. In this case, these “peaceful” nuclear
technologies will have an impact on our lives for decades to come. The Soviet Union
has collapsed, but its nuclear establishment lives on in dozens of reactor and
research sites, closed military cities, scores of institutes, thousands of scientists and
engineers, and tens of thousands of other employees, most of them within Russian
borders. Many of the scientists are world-class specialists in radiation chemistry,
nuclear physics, and biophysics. Most are narrowly trained, staff members geared to
producing the various technologies of the nuclear era: pumps, steam separators, bat-
teries, centrifuges, screens, filters, fuel rods, reactors, isotope separation facilities,
accelerators, and radioisotopes.

The founders of the nuclear industry intended it to be no different from any
other industry where mass production techniques were engaged to produce stan-
dard equipment. They believed they could link together a series of simple tech-
nologies through complex processes they had tamed in the laboratory. Mid-level
workers, who had mastered supposedly infallible technologies with only a basic
understanding of nuclear physics, supervised the technologies. The workers ac-
quired understanding through crash courses provided at technical institutes con-
nected with the industry. This view of technology as infallible and manipulable
by the simple worker was standard fare in the USSR for any branch of the economy:
Legions of workers armed with rudimentary technology would eventually construct
the “material-technological basis of communism.” Yet was this the blind leading
the blind?
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The Soviet nuclear effort, like that in the United States, centered on military
technologies. The goal was the mass production of light-weight, miniaturized war-
heads, several of which could be affixed to missiles or rockets of multikiloton and
multimegaton yield. From the early days of the effort, physicists also considered
nuclear technologies with applications in the civilian sector, for they wished their
legacy to be connected with peace. The slogan was, “Let the atom be a worker, not
a soldier.” The physicists desired energy “too cheap to meter” through power-
generating reactors. They sought new ways to produce nuclear fuel—plutonium—
cheaply through liquid metal fast breeder reactors. They attempted to design a fac-
tory in which mass production of reactor vessels and components would keep
capital costs down. They built small nuclear engines intended to power locomotives,
rockets, airplanes, and portable power plants. The power plants would have exten-
sive application in the far north and Siberia, making the USSR’s extensive natural
resources accessible even in the polar winter. They founded a design institute and
factory to mass produce magnets, accelerators, and other tools for use throughout
Russia, Ukraine, Georgia, Armenia, Kazakhstan, Uzbekistan, Latvia, Lithuania, and
so on. They sterilized various food products with low-level gamma radiation to pre-
vent spoilage and increase shelf life. They pioneered the so-called tokamak reactor
in pursuit of fusion power. And they used “peaceful nuclear explosions” for various
mining, excavation, and construction purposes. Nuclear technology was at the cen-
ter of visions of a radiant communist future born in the Khrushchev era, but this
technology’s legacy of failure and radioactive waste suggests radiance of a different
and dangerous sort.

Whether nuclear reactors or food irradiation programs, small powerful nuclear
engines or factories spitting out huge concrete forms, liquid sodium or isotope sep-
aration equipment, each of these technologies developed significant momentum. As
if divorced from human control, the programs expanded, feeding on resources of
capital, manpower, institutes, and ore, from the time of their design in the Khrush-
chev era until the collapse of the Soviet Union after the death of Brezhnev. The
reasons for this momentum are not hard to find. The politics and culture of the
Khrushchev era contributed to the rapid growth of the nuclear enterprise. Here
were men—physicists, Party members, engineers, almost exclusively men—trained
under Stalin, committed to socialism, but hoping to avoid any repetition of the inhu-
man horrors perpetuated in the name of socialism under Stalin.

One way to avoid these horrors was to reform foreign policy to escape one of
the dictates of Stalinist Marxism, the inevitability of war with the capitalist coun-
tries. What better way to achieve this than to stress peaceful applications of nuclear
knowledge? Peaceful nuclear programs grew out of military ones, which already
were extensive because of the cold war. The peaceful programs had foreign policy
importance, because state leaders and scientists in the USSR, like those in France,
the United Kingdom, and the United States, sought to demonstrate the peaceful
intentions of the nation. Competition between the two superpowers was especially
keen, as each nation strove to show that its scientists were first and best, and its
social and political system the most advanced.
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There were also domestic policy reasons for the USSR’s embrace of “atoms for
peace.” Most important were the rise of Nikita Khrushchev to leadership and his
identification with modern technology with Sputnik and nuclear power. This iden-
tification was evidence of the legitimacy of his regime to the Soviet citizen who had
suffered through the Stalin era and had paid for Stalin’s enlightened leadership with
forced collectivization and industrialization, the purges, the labor camps, World War
II, and thirty million deaths. The Khrushchev era involved significant political, eco-
nomic, and cultural changes. Scientists were among the many members of Soviet
society who benefited from greater openness during the so-called Thaw. This was
still an authoritarian regime, to be sure, but scientists were expected to participate
in the construction of communism and to share their great scientific achievements
to improve the quality of life of the average citizen. Scientists, and especially physi-
cists, gained great authority in this environment. Many of them, and most of the
program and institute directors, were Party members. But whether or not physi-
cists belonged to the Party, virtually all of them shared the view of Party officials
that science had an integral role in the radiant future. So scientists were part of a
new postwar technocratic elite. Absent a public who questioned the safety or effi-
cacy of their inventions—mobile gamma irradiators for strawberries, reactors that
moved around on tank treads—the scientists grew rather arrogant about their abil-
ity to use nuclear technology to change the environment.

The notion of autonomous, self-augmenting technology that so well describes
the Soviet atoms for peace programs gained prominence in the writings of the
French philosopher Jacques Ellul in The Technological Society (1964). Many writ-
ers have criticized the Ellulian notion of technological determinism for removing
agency from human hands. There are ample reasons to present the evolution of
Soviet technology from a determinist point of view. There was significant momen-
tum: programs grew larger and larger; institutes expanded to thousands of employ-
ees and took on responsibility for building apartments and stores and schools for
their workers; new technologies developed and were produced in new institutes.
The centralized, bureaucratized, top-down Soviet system of management contri-
buted to the momentum of the institutes and the technologies they designed and
manufactured. Clearly physicists were the source of the new technologies. Some of
them acquired great power as directors of single institutes that dominated scientific
policy making through the centralized Soviet system. But they remained individu-
als with personalities: Igor Kurchatov, head of the atomic bomb project, who late
in life sought atoms for peace because of his horror over multimegaton hydrogen
bombs; Anatolii Aleksandrov, his successor at the Institute of Atomic Energy, who
gained fame for submarine nuclear propulsion and infamy for the Chernobyl re-
actor design; Kirill Sinelnikov, Kurchatov’s brother-in-law, who presided over the
Ukrainian nuclear physics program; Aleksandr Leipunskii, who directed the liquid
metal fast breeder reactor program. These nuclear physicists, who were also engi-
neers and institute directors with great authority to command resources in support
of still other applications, are central to this story of big technology run amok.

Atoms for peace was crucial to postwar Soviet society on one more count.
Peaceful nuclear technologies had great cultural value as symbols of a modern, pro-
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gressive, industrial nation. From the inception of the USSR, such leaders as Lenin,
Trotsky, Bukharin, and Stalin had stressed the importance of technology in build-
ing communism and spoke about Soviet leadership in every area. But the citizen
knew that claims of leadership were lies or exaggerations. With nuclear power,
Lenin’s promise that “Communism equals Soviet power plus electrification of the
country” seemed to be more than empty words. The 5,000-kilowatt Obninsk reac-
tor was one such major symbol of the communist future, for here was an indige-
nous technology that produced electricity for the citizen. Unfortunately, rather than
Obninsk, the Chernobyl catastrophe has become the cultural icon of the bankruptcy
of Soviet nuclear energetics and of Soviet political leadership generally. And rather
than building communism, Brezhnev and his cronies had built an empire of large-
scale technologies dedicated to increasing the power of the state but providing little
to the average citizen in the way of comfort or hope for the future. The tongue-in-
cheek slogan symbolizing this disaster, “Chernobyl—the peaceful atom in every
home,” became the essence of the Red Atom.

Some persons now may scoff at notions of nuclear-powered airplanes, irradia-
tion of food to prolong shelf life of perishable goods, and portable nuclear reactors
capable of producing electricity cheaply and safely on demand in the harshest Arc-
tic winters. Others maintain that the goal of building reactor parks of a dozen 1,000-
megawatt reactors was always impossible from the points of view of cost, techno-
logical know-how, and climate. But this is precisely what Soviet nuclear engineers,
like their Western counterparts, strove to do. They nearly succeeded, given the will-
power and vision of their leaders, and the nearly unlimited resources bestowed on
them by Party officials, who believed with them that nuclear power was a panacea
for the economic, social, and geographical obstacles they faced in achieving commu-
nism. Whether for poorly performing industry, inefficient agriculture, an undermo-
tivated labor force, inadequate housing and medicine, or inaccessible resources, in
the minds of most Soviet citizens the power of the atom was the key to building a
modern society free from shortages and wants.

If the standard of living rose, if automation and mechanization freed workers
from drudgery, and if electricity illuminated, heated, and cleaned the factory, then
communism must be nearly achieved. And if in space with Sputnik and in atomic
energy with the first peaceful nuclear power-generating reactors, the USSR had
beaten the United States to the punch, what better confirmation that the socialist
system truly was better than the capitalist system? Atomic science gave great power
to those constructivist visions of future communist society, perhaps greater than
any other region of science and technology, for its applications in medicine prom-
ised longer life; in light industry, better food and perishable goods; in mining and
metallurgy, more exact ways to locate and process valuable reserves; and above all
else, in energy generation, the ability to provide electricity, anywhere, anytime, too
cheap to meter. This constellation of personalities, economic and political desid-
erata, cultural factors, and technologies was atomic-powered communism.



The Reactor in the Garden

Communism equals Soviet power plus electrification of the entire country.
—A major slogan of early Bolshevik rule

An unspoiled river flows through a nature preserve. People have come down to
the river for generations to fish, wash their clothes, wash themselves, and swim.
The river has sufficient volume, in the minds of engineers, to provide cooling water
for several nuclear reactors. The engineers plan to build four reactors, designing
canals for the effluent from the reactors so that it cools and radioactive minerals set-
tle into the silt before the water is discharged into the river. They finally decide to
build six, then ten reactors, each at 1,000 megawatts. They build cooling towers to
supplement the canals. The cooling towers are significantly more expensive than
simple canals. So to keep budgets within projections and somewhat competitive
with fossil fuel facilities, the reactors share equipment in common machine halls
and employ standard industrial structures, pumps, compressors, conduit, corru-
gated steel roofs, and piping. In the engineers’ minds, the reactors don’t spoil the
preserve; in fact, the planners refer to it as a “reactor park.” And the canals create
a “Venice” of nuclear power, where warm-water effluent in the canals attracts geese
and ducks, who winter there rather than completing their southern migration.
This is a reactor in the garden, both in the metaphorical sense of showing com-
plete agreement between nature and human designs for huge machines to augment
nature, and in the literal sense, because the nature preserve, the river, the reactor,
and the park are real. Four reactors were built, and construction was well underway
on units 5 and 6 when reactor unit 4 at Chernobyl exploded. On the morning after
the explosion, because the authorities had yet to notify the residents of the nearby
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town of Pripiat about the seriousness of the accident, fishermen downstream from
the reactors cast their lines in the river. At dozens of sites throughout the nation,
the Ministry of the Fish Industry joined the Ministry of Electrification to seed fish
into rivers made warmer by cooling effluent. It had mattered little to Soviet plan-
ners that the river, the Pripiat, was a tributary to the mighty Dnepr River, or that
the Dnepr flows through the center of Kiev, the capital of Ukraine and a city with
a population of four million. Some of the reactor parks employed pressurized-water
reactors (PWRs); others a special Soviet design, the channel-graphite model, or
RBMK reactor, which gained world attention in April 1986. But the roots of the
Chernobyl disaster were to be found in a special mindset central to atomic-powered
communism. This was a deep-seated belief dating to the first days of Soviet power
in the perfectibility of technology and the ability to place it on any site.

Large-scale technologies have always occupied a major place in Soviet history.
Energy technologies, along with steel, concrete, and other heavy industry, occupied
the first position. Lenin urged the Bolsheviks to support the modernization of Soviet
industry, to take from capitalism its greatest achievements in technology and tie
them to socialist “production relations.” A technological utopian, Lenin believed
that technology was the path to the glorious communist future. He saw electric-
ity as the key to revolutionize backward Tsarist industry. Hence, the slogan of early
Bolshevik power, the epigraph for this chapter, was a watchword for all future
Soviet leaders. Similarly, the conscious use of such technologies as tractors, light-
bulbs, and other machines in propaganda posters as the icons of a new age repre-
sented just how completely technology had become a panacea for the great econom-
ic, social, and political challenges facing the nation as it embarked on the path of
modernization. Many peasants and workers embraced the new technology, nam-
ing their sons “Tractor” (Traktor), their daughters “Electrification” (Elektrifikat-
siia) or “Forge” (Domna).

Among scientists and engineers, too, great faith was placed in the potential of
their work to solve the country’s problems. No sooner had Lenin endorsed
GOELRO, the State Electrification Plan, in 1920 than they embarked on research
into Russia’s great energy potential. Through the Academy of Sciences, the Com-
mission for the Study of the Productive Forces (KEPS), the Scientific Technological
Division of the Supreme Economic Council, and other organizations, they evaluated
different ways of producing electrical energy, the contribution from fossil fuel
reserves, even hydroelectric potential as far away from the country’s population and
industry as the Angara River in central Siberia. They established that fossil fuels—
coal, oil, and gas—would power the Soviet Union’s burgeoning industry for some
time to come. It did not matter that little of the coal was anthracite; low-grade lig-
nites with high sulfur content were easily accessible in the Don Basin (Donbas) of
Ukraine and in Kazakhstan. Caspian Sea oil reserves near Baku, Azerbaidzhan
were also sufficient for early Soviet industrialization plans.

The Nazi invasion and rapid capture of the nation’s industrial and agricultural
heartland indicated the need to develop energy resources far to the east, perhaps
beyond the Ural Mountains, themselves a natural barrier to potential marauders.



i 8 Red Atom

During the war, KEPS scientists studied the hydroelectric potential of Siberian
rivers. In the Khrushchev era, they prepared the way for building massive hydro-
electric power stations on the Ob, Irtysh, Angara, and Enesei rivers, at the same
time identifying the rich oil and gas reserves of Tiumen Province in northwest
Siberia and preparing to harvest coal in the Kuznetsk Basin (Kuzbas) in south cen-
tral Siberia. They deemed these projects necessary because one-third of Donbas
reserves had been exhausted, and the rest were of poor quality and hard to extract.!

The development of Siberian energy resources brought into full relief a sig-
nificant issue for long-term investment policy in the nation. The vast majority of in-
dustry and population remained in the European USSR, whereas energy resources
on which to base future industrial growth and consumer well-being were thousands
of kilometers away. The cost of transporting them in their primary form in railroad
coal cars or pipelines grew rapidly. Thirty to seventy percent of all freight trans-
ported in the Soviet Union was fossil fuel. One alternative, to build power-generating
stations near fuel sources and to link those stations by power lines to the European
energy grid, was also exceedingly costly; and year by year, open spaces were filled
with unsightly towers carrying power lines that measured over 900,000 kilometers
in total length (see Appendix, Tables 1-4).

Nuclear energy appeared just at that time when there seemed to be no solution
to the problem of geographical maldistribution of energy resources, population, and
industry. One radical approach would have been to shift investment to Siberia for
new industry and for housing, schools, and stores for the workers and their fami-
lies. This approach had commenced with Brezhnev’s “Siberia” investment program
and the construction of a new trans-Siberian railroad known as BAM. But any
approach drained scarce investment funds from other important areas such as hous-
ing, agriculture, and defense. There seemed to be no way to satisfy the competing
demands for investment capital and at the same time ensure resource development.
Although exceedingly expensive to build and technologically uncertain, nuclear
energy might be the best way to solve the investment problem, for these stations
could be built in the European part of the country on the outskirts of major cities.
This solution would cut the need to build long power lines, transport fossil fuel, or
relocate industry. At least, this was the argument used by nuclear physicists and
engineers as they attempted to convince policy makers, economic planners, and fel-
low scientists of the viability of nuclear power.

As a technology in its nascent stage of development, nuclear energetics could
promise little. To be sure, the first military production reactors produced not only
weapons material but also copious amounts of thermal energy. The example of a
powerful steam engine was prominent in the minds of such physicists as Igor Kur-
chatov, Nikolai Dollezhal, and Anatolii Aleksandrov. Their ongoing projects to de-
velop nuclear propulsion for submarines suggested that they could harness fission
for civilian purposes in the near future. The political environment was propitious
for the endeavor, given Khrushchev’s rise to power, the revision of domestic and for-
eign policy, and his personal identification with modern technology.

The problem was how to make nuclear power economically competitive with
fossil fuel. Coal and oil were king. Reserves were extensive. New discoveries of gas
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and oil in Siberia seemed to make a decision to invest in nuclear energy more un-
likely. And capital costs for nuclear power stations clearly were significantly higher
than those for fossil fuel boilers. So Kurchatov and his associates not only decided
to build huge commercial stations but also quickly selected two models to serve as
the basis of the program; and they set out to build these stations in reactor parks
throughout the European USSR. The first was the channel-graphite model of the
Obninsk design, which appeared in two variants, one at Beloiarsk to produce super-
heated steam and the other the RBMK of Chernobyl infamy. The choice was logical
because they rapidly accumulated operating experience with the design, and its mul-
tiplicity of channels enabled them to operate it during refueling or repair of indi-
vidual channels. The second model was a pressurized-water reactor, known in Rus-
sian parlance by its initials VVER. This model was also a logical choice because the
development of marine nuclear propulsion in both the USSR and the United States
had led to the development of PWRs. Within thirty years of the twentieth Party con-
gress, Soviet engineers had embarked on one of the world’s most ambitious nuclear
programs, constructing more than forty reactors, many 1,000 megawatts and larger,
in the European USSR.

The promotion of nuclear power required a well-oiled public relations cam-
paign, because, no matter how diligently they strove to prove that reactors would
soon compete with other boilers, physicists had no sound technical or economic
basis for their conclusions. Estimates of capital costs of “no more than fifteen per-
cent higher” than those of conventional power stations were based on the assump-
tion that few significant innovations were needed to leapfrog from tiny first-gener-
ation reactors newly hatched from military programs to second-generation units
of 440 megawatts electric and larger. To keep costs down, they created reactor
parks. Like their counterparts in the West, their estimates about the early depletion
of fossil fuel reserves and the rapid increase in electrical energy demand turned out
to be exaggerated. By using the extensive financial and public relations resources
available to them (such as the journal Atomic Energy, founded in 1956 and carry-
ing a beautiful photo of Soviet leader Nikita Khrushchev and atomic “Tsar” Igor
Kurchatov on a visit to Harwell, England in the second issue), they succeeded in
convincing policy makers and economic planners to provide them with adequate re-
sources to commercialize nuclear power even as investments in oil, coal, hydro-
power, and Siberia increased.

KHRUSHCHEYV, INTERNATIONALISM, AND ATOMS FOR PEACE

Three political preconditions had to be met to achieve atomic-powered communism.
The first was the ideological thaw that accompanied Nikita Khrushchev’s rise to
power. Khrushchev launched an attack on many aspects of Stalinism in his so-called
secret speech at the twentieth Party congress in 1956. He criticized the arbitrary
rule of Stalin’s cult of personality; the terrible human costs of the Ukrainian famine,
the purges of the 1930s, and World War II; the xenophobic basis of Soviet foreign
policy; and the insistence that Russia was the world leader in all fields of culture and
science. It was not enough that Khrushchev exposed Stalin’s crimes, nor that he
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triggered a cultural thaw in art, music, and literature, including the publication of
Boris Pasternak’s passionate tale of the Russian revolution, Doctor Zhivago, and
Aleksandr Solzhenitsyn’s semifictional account of the labor camps, One Day in the
Life of Ivan Denisovich. Khrushchev promised that the nation would reach commu-
nism—that nebulous state of equality, plenty, and happiness for all—by 1980.

To achieve communism, the nation needed the assistance of scientists, engi-
neers, and other experts to bring about a technological revolution in the economy.
The Soviet citizen had long heard that communism was just around the corner. But
nearly every one had suffered grave personal losses at Stalin’s hands and had little
to show for this sacrifice. Nevertheless, Khrushchev’s promises to improve the qual-
ity of life, the Thaw, and successes in science and technology led to the rebirth of
constructivist visions of the communist future. Nuclear energetics was central
among these visions and was indelibly tied to one of the most important slogans
of Soviet life from the early 1920s, a slogan embraced by officials, philosophers, sci-
entists, peasants, and workers alike : “Communism equals Soviet power plus elec-
trification of the entire country.”?

The second precondition for a nuclear revolution was greater internationalism
in science. Under Stalin, Soviet foreign policy was dominated by a belief in the
inevitability of war between the socialist and capitalist worlds. When Khrushchev
rose to the top of the Party hierarchy, he abandoned Stalinist autarky in the econ-
omy, politics, and culture. He promoted the foreign policy doctrine of “peaceful
coexistence.” This doctrine meant that, in competition with the West, and particu-
larly with the United States, the Soviet Union would win, whether in economic
development or in science, by virtue of its superior social and economic system.
Under the circumstances, cooperation in expensive fields of big science such as fis-
sion, fusion, and high-energy physics was not excluded.3*

Khrushchev’s reforms in foreign policy enabled—indeed, required—Soviet
physicists to compete openly with their foreign colleagues for primacy in scientific
discovery. The Obninsk reactor and Sputnik demonstrated that the USSR was not
only the equal of the United States but, in fact, the leader in a number of fields.
But to compete with the West, scientists had to reenter the international arena
after nearly two decades of isolation. Their renewed activities included sharing
reprints through the mail, subscribing to a larger number of foreign journals, and,
most important to them, establishing personal contacts. The contacts went both
ways. Between 1954 and 1957, over 1,500 Soviet scientists (some 500 “delega-
tions”) traveled abroad, far exceeding in number the total of the previous thirty
years.5

Of course, Khrushchevian internationalism did not mean openness like that
which later existed in Russia under Gorbachev. Strict controls on the activities of
scientists remained. Foreign journals were censored lest any anti-Soviet sentiment
find its way into a research institute; this often delayed issues of Western journals
from reaching them by a year. Scientists invited to conferences abroad often were
denied permission to go, quite frequently at the last moment. The KGB exercised
this control through the “first department,” or foreign office, in each institute. In
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their stead, the Soviet government sent scientists notable more for their devotion to
the Communist Party’s ideological precepts than for their research interests. Shortly
after Stalin died, however, research institutes began to report with pride increasing
numbers of foreign contacts.

While breaking sharply with Stalin in foreign policy, Khrushchev retained
Stalin’s personal identification with large-scale technologies as emblems of his own
leadership and legitimacy within the system; and this stance helped the nuclear
physicists. Khrushchev had come from a peasant family and had made his name as
a Party boss in agriculturally rich Ukraine. His career was tied to the Moscow metro
and a never-achieved technological revolution in agriculture. Khrushchev now
showed himself to be a twentieth-century man whose visions extended beyond the
city and the farm to space—the world’s first Sputniks—and the atom. Khrushchev
personally promoted nuclear power, recognizing its value both to modernize the
Soviet economy and to secure his position as Party leader during the post-Stalin suc-
cession struggle—as his visit to Harwell, England, the major British nuclear re-
search facility, showed.

Last, modest reforms in domestic politics enabled scientists and engineers to
take an active role in setting the policy agenda, or at least in publicly advancing their
new projects. Such vocal lobbying in the Stalin era would have been mistaken for
dangerous technocratic aspirations, and met with arrest. Scientists, especially those
connected with the nuclear establishment, became near-mythic figures in the pan-
theon of Soviet heroes. They had access to the inner circles of the Kremlin, where
they lobbied for resources and expansion of their programs. Igor Kurchatov was first
among them. After speaking at the twentieth Party congress, Kurchatov was a con-
stant visitor at the Kremlin on behalf of these lobbying efforts.® How Kurchatov got
to the twentieth Party congress and the Kremlin is a story of a great Soviet hero: the
disinterested scientist, searching for the truth, in the service of humanity.

THE FATHER OF NUCLEAR ENGINES

Igor Vasilievich Kurchatov stood at the head of the nuclear establishment, from his
appointment in 1943 to head of the Soviet atomic bomb project until his early death
in 1960. As director of the Institute of Atomic Energy in Moscow, he oversaw an
enterprise of nuclear reactor construction and isotope application second to none in
the world. Kurchatov was an excellent organizer, strong-willed, and self-assured.”
He had a penetrating mind and was devoted to causes other than self-promotion.
These qualities enabled him to avoid taking on the negative, self-serving qualities of
many scientific administrators in his country and to battle the ministerial bureau-
cracies and Party hierarchy, of which he was a part, with great success.

Kurchatov, the great grandson of a serf, the grandson of a metallurgical factory
worker, the son of a land surveyor and school teacher, was born January 8, 1903;
and during a life of less than six decades, he built nuclear weapons, reactors, sub-
marines, and icebreakers. He grew up in a small industrial town in the southern
Ural Mountains. Kurchatov’s father moved in 1909 to Simbirsk, recognizing that,
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other than a church school, there was nowhere for his children to study in the Urals.
Kurchatov attended the Young Men’s Public Gymnasium, the school from which
Lenin had graduated. He studied hard, displaying an excellent memory and a capac-
ity for mathematics that set him apart from the other students. Soon after the move
to Simbirsk, Kurchatov’s sister contracted tuberculosis; and on the advice of their
physician, the family moved again, to Simferopol in Crimea. Kurchatov entered the
finest and oldest gymnasium there, an institution connected with the chemist Dmit-
rii Mendeleev and the surgeon Nikolai Pirogov. Kurchatov earned top grades in vir-
tually every course except diligence, in which for some unknown reason he received
an “unsatisfactory.” He read detective stories and science fiction, especially the
works of Jules Verne, whose fantasies provided Kurchatov with food for nuclear
thought. In 1920, having finished the gymnasium with a gold medal (awarded only
on paper because of the current economic conditions), the seventeen-year-old Kur-
chatov entered Crimea University to study physics and mathematics and become
an engineer.

Crimea University was organized in 1917 on the coattails of the intellectual ex-
citement celebrating the end of the Tsarist era and its stultifying educational poli-
cies. Kiev professors were the initiators of the endeavor, first establishing the facil-
ity as a branch of Kiev University. The noted biogeophysicist Vladimir Vernadskii,
then president of the Ukrainian Academy of Sciences, was instrumental in secur-
ing resources and convincing other faculty to organize the university. Vernadskii
was the rector during Kurchatov’s matriculation; N. M. Krylov taught mathematics;
senior Leningrad theoretician Iakov Frenkel and future Nobel laureate Igor Tamm
taught physics. There were no scholarships, so only a dozen students attended the
lectures. Publishing had virtually ceased, so there were no textbooks. After the end
of the civil war (1919-1920), economic and political instability persisted through
1923. Some students nearly starved on the ration of 400 grams of bread and watery
soup. To make ends meet, Kurchatov found a series of odd jobs. But his time at
Crimea University was not all difficult, because there Kurchatov met Kirill Sinel-
nikov, who became his life-long friend and associate.

In Simferopol, Kurchatov fell in love with the sea. He watched the ships and
dreamed of becoming a shipbuilding engineer, a dream he saw fulfilled in the Lenin
nuclear icebreaker. Although aware of the famine and disorder that gripped Petro-
grad, Kurchatov nevertheless transferred into the junior class of the shipbuilding
department of Petrograd Polytechnical Institute. He worked as an observer in the
meteorological observatory in Pavlovsk, where he often spent the night, sleeping on
a table under a sheepskin coat. In the winter of 1923-1924, one of his professors
gave him the task of measuring the alpha radioactivity of snow, an experience that
turned him from engineering to atomic science.

Even though he would have passed the final exams in the shipbuilding depart-
ment in only two more semesters, Kurchatov threw himself into science. He read
everything he could on atomic physics, especially the work of the experimentalists
Frederick Soddy and Ernest Rutherford. To earn money, he returned to Crimea at
the beginning of the summer of 1924, where he worked in a hydrometeorological
station of the Black and Azov seas, carrying out experiments on tides. In the fall, he
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traveled to Baku, where he worked until the following summer as an assistant in
Azerbaidzhan Polytechnical Institute, when he was called to the Leningrad Physi-
cal Technical Institute (hereafter, LFTI). The twenty-two-year-old man had entered
the center of Soviet physics. Abram Ioffe, the dean of Soviet physics, founded the
institute in 1918 with the dream of rejuvenating the Russian experimental tradition
and gaining an international reputation for his staff. loffe nearly single-handedly
reestablished contacts with Western physicists after the Revolution. And he resur-
rected the practice of publication; physicists at his institution published between
one-quarter and three-fifths of all physics articles in the major Soviet journals every
year between 1919 and 1939. LFTT gave rise to fifteen other institutes, many at the
center of the nuclear enterprise, and trained over six dozen future academicians and
corresponding members of the Academy.® Nearby, scientists at the Radium Institute
under V. G. Khlopin worked on the physics of radioactive elements, nuclear physics,
and cosmic rays; and, in 1922, they oversaw the establishment of a factory to pro-
duce small quantities of the heavy elements. Leningrad was the place to be for a
young physicist.

In 1922, Kurchatov had met Marina Dmitrievna Sinelnikova, the daughter of a
country physician and the sister of his best friend, Kirill, who would later preside
over the nuclear enterprise in cold war Ukraine. In 1925, Igor and Marina met again
in Leningrad. Two years later, they married. They enjoyed listening to music, espe-
cially Rachmaninov, Tchaikovsky, and Mussorgsky. Although the couple had no
children of their own, they often donated time and money from Kurchatov’s books,
articles, and prize honoraria to kindergartens and adoption agencies. They also had
a network of friends with whom they socialized regularly, gathering at a friend’s
apartment or in their own to eat, drink, and sing.

Through the 1930s, Kurchatov conducted research primarily in solid state
physics, studying dielectrics, semiconductors, insulators, and piezoelectricity with
Anton Valter and Sinelnikov. His doctorate, finished in 1934, focused on solid state
physics, although he had already embarked on nuclear physics. Some of his col-
leagues thought his achievements merited membership in the Academy of Sciences;’
but, as on several subsequent occasions, the Academy leadership did not see fit
to admit him, most likely because of his youth. They finally voted him in only on
the government’s insistence in 1943, after Kurchatov became head of the atomic
bomb project.

In Berkeley, Chicago, Berlin, Copenhagen, Kharkiv, and Leningrad, 1932 was
the annus mirabilis of nuclear physics: James Chadwick, E. T. S. Walton, and John
Cockeroft established atomic structure, Anderson discovered the positron, the Joliot-
Curies worked on artificial radioactivity, and the Fermi group used slow neutrons
to create artificial elements. All these discoveries had a significant impact on the
work of Soviet physicists, especially in Kurchatov’s laboratory, the Radium Insti-
tute, and the Ukrainian Physical Technical Institute, where Leningrad physicists
Sinelnikov, Leipunskii, and others had been sent to create a mirror image of the
Ioffe institute. By the end of 1932, the physicists had established a nuclear group at
LFTI under Ioffe. The real leader of the group, however, was Kurchatov, who gained
approval to create a department of nuclear physics and secured 100,000 rubles from
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Narkomtiazhprom (the Commissariat of Heavy Industry) to purchase material and
equipment.

Kurchatov conducted a nuclear seminar whose activities where known through-
out the country and beyond. This group convened the first all-union nuclear con-
ference in 1933; Kurchatov was the chairman of the organizing committee. The
1933 conference and the soon-to-be convened second and third conferences were
attended by physicists from around the world. The papers presented indicated how
quickly Soviet physicists had moved from the accumulation of data to an ex-
perimental attack of the nucleus. Between 1933 and 1935, the Soviet physicists
published more than 100 articles in the leading Soviet journals (Uspekhi fizich-
eskikh nauk, Zhurnal prikladnoi fiziki, and Zhurnal experimental’noi i teoreticheskoi
fiziki). They built cyclotrons and other experimental devices like those in Europe
and America.

Then Stalinism reared its ugly head. The Party moved the Academy of Sciences
to Moscow, purged Leningrad’s intellectual and political elite, and attacked LFTI for
its “divorce from practice” and failure to meet the “needs of industry.” Party offi-
cials condemned what they perceived as ideological deviations in science and sought
to limit the extent of this wandering by closing the nation’s borders. Until after
Stalin’s death, Soviet scientists were denied regular international contacts, as the
correspondence between Sinelnikov and Kurchatov, between Cambridge, in Eng-
land, and Kharkiv, in Ukraine, reveals.!? Sinelnikov was recalled from England in
1930, even before he had defended his dissertation before Rutherford. Physicist
Peter Kapitsa faced house arrest. Biologist Nikolai Timofeeff-Ressovsky, physicist
George Gamow, chemist Vladimir Ipatieff, and others managed to escape to the
West. Somehow, through it all, Ioffe and his colleagues managed to protect nuclear
physics.11

During the Great Terror of the 1930s, Kurchatov managed to keep his nose
clean and write another dozen articles, two monographs, and two university text-
books with future Nobel chemistry laureate Nikolai Semenov and Khariton, who
later headed the Soviet bomb design institute at Arzamas. He worked on the
Radium Institute cyclotron, and nine of his students defended dissertations. Just at
this time, Otto Hahn and Fritz Strassmann proved nuclear fission, an experiment
soon repeated by Khariton and Iakov Zeldovich and suggesting the possibility of a
chain reaction bomb. Ioffe recognized within all these achievements the practical
potential of atomic energy, previously the subject only of science fiction.'? Unlike
Western journals—perhaps because Soviet physicists did not immediately recog-
nize its military applications—Soviet journals continued to publish articles about
nuclear physics until 1940.

In July 1940, the presidium of the Academy passed a resolution urging the cre-
ation of a uranium commission to tackle this “central problem of contemporary
physics.” Khlopin was its chairman, Vernadskii and Ioffe his deputies, and Kur-
chatov, Kapitsa, and Khariton its members. Along with Khlopin, who favored his
institute as the center of research, Kurchatov, Khariton, and Georgii Flerov advo-
cated a redoubling of nuclear efforts. But the government hesitated to act on these
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Abram Ioffe, the dean of Soviet physics, with Abram Alikhanov and Igor Kurchatov in
Leningrad in 1935. (Courtesy of Raissa Kuznetsova and the Kurchatov Institute)

Igor Kurchatov and Georgii Flerov, whose letter to Stalin triggered the Soviet atomic bomb
project. They are discussing the construction of the Joint Institute of Nuclear Research, a
new high-energy physics institute, in Dubna, north of Moscow (1950). (Courtesy of Raissa
Kuznetsova and the Kurchatov Institute)



i 16 Red Atom

proposals. In November 1940, the physicists convened in Moscow the last all-
union conference on nuclear physics. Basing his conclusions solely on the works
of Soviet physicists, Kurchatov presented a paper on the possibility of nuclear
chain reactions.!?

Under the direction of Kurchatov and Alikhanov, LFTI physicists set out to
build a cyclotron. Kurchatov knew the technology well because he had conducted
experiments in the Radium Institute—Iliterally a fifteen-minute walk away. But the
Nazis invaded the Soviet Union on the very day the physicists intended to start up
the cyclotron.!* Overnight, academy researchers ceased all work on nuclear physics,
including the uranium problem, focusing instead on more immediate defense prob-
lems and their own survival. They evacuated the institutes to cities in the east.
Senior staff and equipment from LFTI migrated to Kazan. Kurchatov and his labo-
ratory moved “voluntarily” to the Black Sea fleet and participated in the effort to
protect Soviet ships from fascist mines. Most of the early scientific defense work
had little direct application, for the USSR needed tanks and planes more than path-
breaking research.

Kurchatov’s family was unlucky. In July 1941, Kurchatov’s father was gravely
wounded. He died at the end of August, and Kurchatov’s mother was left alone in
Leningrad for several months during the blockade. Although Kurchatov enlisted the
help of Ioffe and other Academy leaders to secure her rescue by December, she was
so weakened by malnutrition that she died in Vologda in April, en route to Kazan.
Sinelnikov and his Kharkiv Institute also had been evacuated—in his case, to Alma
Ata. Sinelnikov settled into depression. His family was cold and hungry.!5

In December 1941, as the Germans reached the outskirts of Moscow, a twenty-
eight-year-old student in the air force, Georgii Flerov, speaking at a specially orga-
nized Academy seminar attended by representatives of the many institutes that had
been evacuated to Kazan, argued that the uranium problem required special atten-
tion. Many thought Flerov’s ideas were pure fantasy. loffe and Kapitsa listened
attentively, but the Academy leadership thought in terms of years, not months. So
Flerov wrote to Kurchatov, in his capacity as the representative on the State Defense
Committee for science; to the chairman of the council of ministers; and finally, in
April 1942, to Stalin himself to push the bomb project. In the same way that Albert
Einstein’s letter to President Franklin Roosevelt gave impetus to the Manhattan
project, Flerov’s letter convinced Stalin to pursue an atomic bomb. In the spring
of 1943, Kurchatov, Khariton, Zeldovich, Isaak Kikoin, Alikhanov, and Flerov gath-
ered in a room of the Moscow Hotel and outlined the research program for the
bomb. This meeting led to the creation of laboratories 1, 2, and 3 (later the Ukrain-
ian Physical Technical Institute, the Kurchatov Institute for Atomic Energy, and the
Institute of Theoretical and Experimental Physics, respectively).!® In the fall of
1942, Kurchatov moved to Kazan, and then in early 1943, to Moscow, to head the
“uranium” project in laboratory 2.

Until the laboratory 2 facilities were completed in the summer of 1944, some
of the physicists worked in a building of the Seismology Institute; others occupied
several rooms at the Institute of General and Inorganic Chemistry. Kurchatov reg-
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uisitioned a number of physicists to the task of the bomb, most of whom were, like
himself, “graduates” from LFTI: experimentalists Lev Artsimovich and Flerov, and
theoreticians Khariton, Zeldovich, and Isaak Pomeranchuk. Once the building was
finally up, they had to equip it—a challenge even in a centrally planned economy
because of the ruination of the war. They brought equipment, instruments, and
material to the vacant field on the outskirts of Moscow—October Field. The F-1, the
first Soviet reactor, was built on this spot and still operates there, on a site between
two subway stops.!”

The physicists’ first task was to build an experimental reactor to study fission
and establish constants. From this basic knowledge, they could then move to the
design of bombs and to plutonium production and power-generating reactors. Con-
taining 50 tons of uranium and 500 tons of pure graphite, the F-1 was no small
device. In 1943, Kurchatov convinced the government to organize uranium pros-
pecting on a national scale under the Ministry of Nonferrous Metallurgy. The pros-
pectors found uranium in the most inhospitable regions, in ice-covered mountains
accessible with great difficulty, making mining and removal challenging. The reac-
tor came on line, in the usual heroic fashion, on December 25, 1946; the personnel
had worked long hours, put up with constant secret police scrutiny, and never com-
plained. The Russians are justifiably proud of several facts concerning F-1: the time
required to bring their first reactor on line was a few months shorter than the time
the Americans required; F-1 produced 4,000 kilowatts, whereas the American reac-
tor produced only 200 watts; and the plutonium production reactor also was built
faster. Without detracting from the significant accomplishment of the Russians, I
might defend the skill of the American scientists by noting that it was significantly
easier to bring a reactor on line in Moscow because Soviet scientists already knew
how to build it on the basis of American engineering experience accessible through
open sources and espionage.

As soon as Soviet troops had secured eastern Germany, Kurchatov and Lav-
renty Beria deployed scientific commandos, including Igor Golovin, Kurchatov’s
future deputy director and later fusion specialist, to search through the rubble of the
towns, institutes, and universities of Berlin, Leipzig, Halle, and Jena for things of
interest to Soviet science, in particular the residue of Germany’s bomb and rocket
projects. The absence of trucks and automobiles made these scientists’ comings and
goings difficult. But they returned with 100 tons of uranium, small quantities of ra-
dium, spectrographs, pumps, scales, galvanometers, various measuring instruments,
hundreds of books, and back editions of such journals as Die Naturwissenschaften
(1927-1945) and Physikalische Zeitschrift (1908-1945), which found their way
into the libraries of Soviet institutes. Although the Americans had already taken the
choice pickings, the Soviets took the rest, down to professors, docents, assistants,
glass and machine shop workers.!$

The publication of the so-called Smyth report on Atomic Energy for Military
Purposes in 1946, even more than the actual dropping of atomic bombs on Hiro-
shima and Nagasaki, Japan, sent laboratory personnel into turmoil, for this docu-
ment outlined both the power of atomic weapons and the scale of the effort required.
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Stalin and Beria realized that time was of the essence. They ordered a rapid increase
in the number of personnel in the laboratory and the resources available to them.
By 1946, Kurchatov’s institute had grown to 650 employees, of whom 110 were
Party members. Even though there was a shortage of construction materials, the
Party organization managed to command sufficient resources to build forty houses
for the scientific elite. Stalin and Beria realized that well-fed, well-housed, and well-
coerced scientists worked better than merely coerced scientists. These palatial two-
story houses, on a tree-lined street only three blocks from the institute, signaled
elitist status in the self-avowed classless Soviet society. In fact, scientists and engi-
neers were the country’s elite, and they shared the Party’s enthusiasm for science.
The houses enabled them to live quietly next door to one another, away from the
cramped squalor of communal apartments that were the norm in postwar Moscow.
But within the institute itself and for the rest of the employees, problems of ade-
quate heating, repair, storage facilities, construction, and apartments remained.?

The cold war years were years of rapid institutional growth and employment
of an increasingly well-educated staff. In May 1947, there were 1,500 employees in
laboratory 2, with 255 Party members (seventeen percent of employees); by 1956,
of roughly 4,000 employees, 1,078 (twenty-seven percent) were Party members (in-
cluding 169 scientists, 256 technical engineering specialists, 284 white-collar work-
ers, 14 doctors, 2 corresponding members of the Academy, 2 academicians, and 367
persons with higher education). This rapid growth masked the serious problems of
finding and recruiting suitable young minds for nuclear research. Many able-bodied
men had perished at the front in World War II; and despite specially organized
courses in a series of universities and new training centers specifically organized for
the nuclear enterprise, there was a significant lag in writing and defending candi-
date and doctor of science dissertations. This was indeed a serious problem, for the
nuclear industry lurched from one program to another, and from one project to
another, with inadequate personnel. They always needed more specialists but had
no fine-tuned way to train them. In the United States, both electrical and chemical
engineers retooled quickly as nuclear engineers. In the Soviet Union, something
similar happened as physicists and chemists from the Academy of Sciences joined
chemists and metallurgists from the Commissariats of Heavy Industry, Chemical
Industry, Ferrous Metallurgy, and Nonferrous Metallurgy to staff the project and
train young specialists.?°

An important gathering in the life of the institute was its second Party confer-
ence in August 1952. This meeting was held, like hundreds of other meetings
throughout the nation, in preparation for the Party’s nineteenth congress, the first
national meeting held since 1939. In the intervening years, the Great Terror had
ended, World War II had passed, and the cold war had begun. But, in violation of
the Party’s charter, Stalin failed to call any congress, preferring to act on his own
caprices. Some individuals voiced hope in private that the upcoming nineteenth
congress meant that Stalinism had a human face; they were unaware that another
murderous purge was afoot. The so-called Doctors’ Plot had been hatched. Accord-
ing to the secret police, high-level Kremlin doctors, most of whom were Jewish, had
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tried to poison Stalin and other leaders. A number had already been arrested and
shot. The terror machine was gearing up to crush Jews (including a number at the
Kurchatov Institute), intellectuals, and long-time Party functionaries, when Stalin,
to the good fortune of the nation, died.

Institute physicists tried to ignore the persistence of Stalinism. At the institute’s
second Party conference, the physicists celebrated significant achievements, the re-
cent award of state prizes to thirty scientists, progress on the hydrogen bomb, the
construction of a second research reactor, and the development of an industrial dif-
fusion method of isotope separation. Kurchatov delivered an address referring to the
five year plan (1951-1955) and announcing grand plans for the peaceful atom in
industry, agriculture, trade, and communications, all uses intended to raise the mate-
rial well-being, health, and cultural level of the masses. The three major tasks that
stood before his scientists were fusion, nuclear power stations, and the construction
of the Lenin icebreaker. But, he concluded, armed with “progressive Leninist scien-
tific method,” talented staff, and nearly unlimited materiel, they would succeed.?!

Even with their command of resources, physicists grappled with a weak exper-
imental basis for scientific work, especially with regard to research reactors, which
had hitherto been used nearly exclusively for military ends, and such modern equip-
ment as computers, of which there was only one plodding first-generation M-20. So
tight had funding been for peaceful purposes, that the scientists rarely anticipated
the expansion of research that discoveries stimulated. So even though the Soviet sci-
entists were always building new laboratories, many projects had to be scaled back.
As soon as a new facility opened, the new space and support services were found to
be inadequate to the task at hand. Soviet physicists invited colleagues from Eastern
Europe to spend time studying with them in connection with plans to build exper-
imental reactors in the socialist countries. But there wasn’t enough room for “fra-
ternal” research either, and they ended up lecturing in noisy corridors.??

Stalin’s death on March 6, 1953 shook the country. Millions wept openly. Tens
of thousands of citizens stood in line to glimpse the leader as he lay in state. The
installation of Stalin in the mausoleum that now carried the granite banner “Lenin-
Stalin” suggested there would be few changes in policy. His successors worried
about how the citizens might react to any sign of instability, and no one wished to
offend the evolving collective leadership, especially with Beria still around. Scien-
tists and engineers suffered no less than any other group. But reforms commenced
within six months. In July 1953, just after a plenary session of the Central Com-
mittee, Beria was arrested, largely because he was feared by the other leaders, but
also because he was a murderer and rapist. In the Kurchatov Institute, the Party
committee endorsed the arrest without dissent. They had more reason to endorse
Central Committee actions than most, for they knew Beria intimately as the over-
seer of their institute.?

In the first days of the Khrushchev era, when success piled upon achievement,
when military interest ensured comfortable financing, and when the Party leader-
ship almost unquestioningly supported big science and technology, scientists had no
reason to doubt their ability to use nuclear power to solve a variety of problems. One
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goal was to redress the trick that geography had played on the nation in locating
people and fossil fuels so far apart. So when Igor Kurchatov addressed the twenti-
eth Party congress in February 1956, he confidently outlined a long-range program
for civilian nuclear energetics. His appearance at the congress was a shock, for Kur-
chatov had been shrouded in atomic secrecy since 1943; nevertheless, the Party
hierarchy permitted this scientist to make bold policy pronouncements. In his ad-
dress, Kurchatov offered fantastic visions of nuclear locomotives and automobiles
that would never appear. But nuclear-powered icebreakers and other ocean-going
craft did come to fruition.

Of greatest interest to the assembled delegates were Kurchatov’s projections for
two million kilowatts of nuclear power capacity within the next four years—even
though only one 5,000-kilowatt plant was in operation as he spoke. Construction
on other facilities hadn’t even begun. Kurchatov promised that two one million-
kilowatt stations would be built by 1960 in the Ural region. The size of the projected
power plants rivaled that of the Kuibyshev hydropower station, itself the largest
power station in the world. Closer to Moscow, a 400,000-kilowatt station would be
built. The larger the reactor, the cheaper the electricity per unit, so Kurchatov called
for the design of facilities larger than any envisaged in the West. In both reactor size
and time of construction, Kurchatov may have been well off the mark. But his
speech was important for its daring glimpse of the future, which had already opened
at a reactor research institute in the city of Obninsk.2*

FROM OBNINSK TO BELOIARSK TO CHERNOBYL

Civilian nuclear power engineering began in Obninsk, until recently a closed mili-
tary establishment. At Obninsk, physicists developed breeder reactors, nuclear gen-
erators for satellites, liquid metal submarine propulsion reactors, and the forerun-
ner of Chernobyl, a 5,000-kilowatt channel-graphite reactor. There wasn’t much left
of the village of Piatkino after the war, just scarred carcasses of buildings, base-
ments, and a few huts. In 1951, the physicists decided to build an atomic reactor
there—and the bulldozers came. Where there had been Piatkino now was Obninsk,
which quickly turned into a mecca of atomic physics, nuclear energetics, medical
radiology, experimental meteorology, radiation chemistry—a city of international
reputation after the Geneva conferences of 1955 and 1958 on peaceful nuclear ener-
getics. When Obninsk came into being in 1949, there were three different worlds
that existed in the “zone” and, officially, were entirely separate: a narrow circle of
German specialists, Soviet specialists, and prisoners from Soviet camps. But after
1951, the authorities had to get rid of the Germans and the prisoners so that they
could put the town on the map.

Like any other city, Obninsk grew, despite remaining closed. The authorities
ordered an instrument-making factory, kindergartens, schools, libraries, and sports
facilities to be built. Young specialists, who had been struggling with the infamous
discomfort of dormitories, gained individual, if cramped apartments. Leading physi-
cists made their homes here: Dmitrii Blokhintsev, A. 1. Leipunskii, I. I. Bondarenko,
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Vladimir Malykh, Nikolai Timofeeff-Ressovsky, Andronets Petrosiants, Oleg
Kazachkovskii. They begat other nuclear cities: Bilibino, Shevchenko, Zarechnyi
(Beloiarsk), and Melekess. As they had in Akademgorodok in Siberia, scientists as-
sumed they could do no wrong. They used their Scientists’ Club to debate philoso-
phy and music—even politics during the Thaw of the Khrushchev era. They con-
templated the lyrics of the folksingers Bulat Okudzhave and Vladimir Vysotsky, and
they considered the optimism of the novelist Vladimir Dudintsev. Then a young
physicist, Valerii Pavlinchuk, spoke too openly, and even wrote to the Central Com-
mittee about his belief that there should be no Soviet tanks in Czechoslovakia. The
KGB arrested him. He committed suicide. This incident invigorated the City Party
Committee to be more vigilant, carrying out a purge of any suspected person. They
came down on all perceived dissidents and especially on the internationally
renowned radiation biologist Timofeeff-Ressovsky.

Even before the Soviet scientists detonated an atomic bomb in August 1949, Kur-
chatov and his colleagues decided to build an electric power-producing reactor at
Obninsk, two hours southwest of Moscow. Physicists were confident that they could
handle all the complexities involved in the search for, mining of, and processing of
uranium ore; the various methods for separating the isotopes of uranium; the pro-
duction of plutonium in reactors from nonfissile uranium; and the design of con-
struction materials needed to build reactors and different apparatuses. No sooner had
they successfully detonated an atomic bomb than they set out to show that they were
peaceful to the core—unlike the militarist capitalists—and would build a reactor to
produce electrical energy. The channel-graphite design selected for Obninsk was
the suggestion of one of Kurchatov’s close associates, Nikolai Dollezhal. The 5,000-
kilowatt reactor played a crucial role in building the scientists’ confidence in the belief
that the Soviet Union had a nuclear future, for the reactor was seen to operate as
intended and tested critical technologies such as fuel rods. It was also crucial for its
role in building Soviet identity in the post-Stalin world. Reports on the reactor at the
first Geneva conference in 1955 astounded Western physicists, who had assumed that
their Soviet colleagues were as backward as the peasants in the collective farms.

AN INSTITUTE FOR WAYWARD REACTORS

At the end of 1952, the government created the Scientific Research and Design
Institute of Energy Technology (Nauchno-issledovatel’skii i konstruktorskii institut
energeticheskoi tekhniki, or NIKIET), an institute whose personnel were destined to
acquire a fateful responsibility, the design of the Chernobyl-type RBMK reactor
and its forerunners. Under Dollezhal, NIKIET sought to develop reactors with
multiple purposes, producing either thermal energy and isotopes or energy and
plutonium simultaneously. The creation of the institute indicated the govern-
ment’s conviction that atomic energy had unlimited horizons, even though not one
peaceful artifact had as yet been created. Dollezhal himself moved to the top of the
nuclear engineering establishment—and before that, the chemical engineering
establishment-—through a series of fortuitous moves from one city to another and
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from one bureaucracy to another. During these ascents, he managed to keep out of
trouble and earn the reputation of being an all-business engineer. Twice a Hero of
Socialist Labor and a laureate of Lenin and State prizes, Dollezhal acquired notable
military achievements, including service as the chief engineer for the first Soviet
plutonium production reactor and a designer of submarine reactors. Dollezhal’s
forte was expertise in mechanical engineering, chemical engineering, and thermo-
dynamics. This background prepared him to design reactors, those huge conglom-
erations of metal, concrete, graphite, and fuel that produce vast quantities of energy
and various radioisotopes.

Nikolai Doilezhal had a white-collar background. His father worked on the
construction of the first tramline in Moscow, the city where Dollezhal was born on
October 27, 1899. His father later moved the family to Podolsk to take a position in
a cement factory. Just after the Russian Revolution, Dollezhal attended the Bauman
Moscow Higher Technical School, one of two leading technical institutes in Mos-
cow—the other being the Institute of Ways of Communication. Focusing primarily
on mechanical engineering, he took classes with some of the leading lights of Russ-
ian science, including Nikolai Zhukovskii, the founder of Russian aerodynamics.
(When Zhukovskii died, he lay in state in the students’ dining hall, and students
and faculty from around the city paid their respects. The cooks were not overjoyed.)
At Bauman, Dollezhal studied hydraulics, thermodynamics, steam engines, and re-
frigeration. Dollezhal combined classroom study with hands-on experience. When
the Moscow City Council transportation department requisitioned students to re-
build the transport infrastructure that had fallen apart during the Revolution, Dol-
lezhal joined on.

Dollezhal’s career took off during the period of the New Economic Policy, when
in the mid-1920s the Bolsheviks permitted small-scale private enterprises to prosper
and rekindle industrial production. Upon graduation in 1923, he simultaneously
taught at the Bauman Institute and joined the heat engineering department of
Moscow Coal to design new engines and turbines, their prerevolutionary predeces-
sors having long since ceased to revolve. GOELRO, the State Electrification Plan and
forerunner of the massive national projects that characterized Soviet technology,
required modern technology and bright, capable engineers like Dollezhal. From
Moscow Coal, Dollezhal moved to the joint stock company Heat and Power.

Dollezhal was active in the national organization of heat engineers. But like
other scientific and engineering professional societies, this one was disbanded by
the Communist Party after its fourth national meeting in 1928. In the last years of
relatively open borders, Dollezhal and several hundred engineers were sent abroad
by the Supreme Economic Council to study Western achievements and bring its
technology back to the Soviet Union. Dollezhal visited institutes and factories in
Berlin and Munich. This kind of contradictory behavior, sending scientists abroad
yet keeping strict watch on their professional organizations, indicates that the Party
both deeply feared the potential technocratic impulses of scientists yet recognized
the need for their independent expertise to build a new industrial power. A tense
relationship between knowledge and power characterized scientific life from the
late 1920s until the fall of the Soviet Union.
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In the 1930s, as Stalin’s rapid industrialization effort commenced, science, en-
gineering, and production were joined in huge organizations that came to charac-
terize all Soviet industry, including the postwar nuclear enterprise. Joint stock com-
panies such as Heat and Power and newly founded technical institutes representing
all branches of the economy were subsumed in massive bureaucracies whose func-
tion was to harness the machine to Soviet power. In Dollezhal’s case, the bureau-
cracy was the soon legendary Commissariat of Heavy Industry, known as Narkom-
tiazhprom in Russian. Narkomtiazhprom commanded the lion’s share of chemistry
and physics research institutes in the country and lavished them with funding for
applied research. Dollezhal was working in the design bureau of Kotloturbina—still
a long way to the turbogenerators of atomic power stations—when Narkomtiazh-
prom tapped him to serve as chief engineer of a new chemical works. His responsi-
bility was to supervise a nitrogen-based (ammonia) factory with applications in fer-
tilizers, medicines, paints, artificial rubber, and, most important, explosives. (The
Soviet government recognized that the rise of Hitler in Germany would put an end
to their days of close cooperation with the Germans in industry and military af-
fairs.) No sooner was the ammonia factory up and running than Dollezhal was
called in by the Deputy Commissar of Heavy Industry to serve as chief engineer of
nitrogen machine building in Leningrad. When he hesitated because of teaching
obligations at the Bauman, the minister issued on the spot two monthly passes on
the luxurious overnight train, the Red Arrow, so that he could be certain to make
his Moscow lectures.

Upon arrival in Leningrad, Dollezhal was called to meet with Sergei Kirov, the
very popular head of the Leningrad Party organization. (Kirov also had a technical
background and was perhaps the last true rival to Stalin. Perhaps for this reason,
Stalin had Kirov murdered in 1934 within the Smolny Office Building, instructing
the secret police to pin the deed on imaginary Trotskyite conspirators.) Indicating
the importance the Bolsheviks attached to heavy industry, Kirov promised Dollez-
hal and his staff the complete backing of the Party apparatus and access to special
rations and other services. Dollezhal had engineers and factory managers at his fin-
gertips because of his good relations with Leningrad Polytechnical Institute, where
he had begun to teach, and with the Red Pathfinder, Russian Diesel, and Elektrosila
factories in Leningrad, Kompressor in Moscow, and the Kharkiv Turbine Factory.
After a brief tour of duty in Kharkiv at Khimmashtrest (Chemical Machinery Trust),
he learned second hand, while reading the newspaper Za industrializatsiiu in April
1935, that he had been appointed one of twelve members of the new technical coun-
cil of Narkomtiazhprom; by May, he was back in Moscow. Fortuitous personnel
connections, engineering skill, and Stalin’s industrialization program brought Dol-
lezhal to the center of action in Moscow.

Dollezhal found the technical council to be an ineffective administrative orga-
nization. Each member of the council was supposed to be responsible for a specific
area of machine building, but Dollezhal had neither concrete responsibilities nor
real rights. At a meeting of Narkomtiazhprom, Sergo Ordzhonikidze, the commis-
sar, spoke about the joys of work at the factory and the raw energy produced by
workers and engineers. Looking at Dollezhal, he said, “You, young man, don’t you
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want to be on the shop floor as the head engineer?” Dollezhal responded: “I’ve writ-
ten you precisely about that several times.” A few days later, Dollezhal was trans-
ferred to the Kiev factory Bolshevik as head engineer.

Dollezhal had made inroads in modernizing the laboratory and instrument
building departments of Bolshevik when the purges hit. He was unprepared for the
news that his mentor back in Leningrad, Aleksei Nadezhdin, one of the founders of
Soviet energetics, had been arrested. Then Glavkhimmash, the administration of
the chemical machine building industry, replaced the entire directorship of Bolshe-
vik; the previous staff disappeared overnight. Despite the intrigues, which made it
virtually impossible to work, Dollezhal became deputy head engineer for science,
engineering, and design of the entire Glavkhimmash and was transferred once again
into the Moscow bureaucracy. Months later, the bureaucrats were all ready to send
him back to Leningrad when war with Finland broke out; so he remained in Mos-
cow, commencing work on a dissertation that he managed to finish in 1944. He was
in Dnepropetrovsk, Ukraine on business when the Nazis invaded, and Dollezhal,
like other important scientific and engineering personnel, as well as entire research
institutes and strategic factories, was hastily evacuated to the east. He was obliged
to leave directly from Dnepropetrovsk with only the one suitcase he had brought
with him from Moscow.

Facing challenges in administration and research totally unlike those in peace-
time, Dollezhal managed to get the Ural factories up and running, simultaneously
creating in Sverdlovsk a research institute for chemical machine building, with
branches of this institute in Moscow, Leningrad, Kharkiv, and Irkutsk. At the end
of the war, he joined a group of engineers sent to Berlin to scavenge anything valu-
able—material and equipment, even German engineers as prisoners of war. Beyond
having read about Hiroshima and Nagasaki, he was totally unaware of the ongoing
Soviet bomb project when he and a half dozen members of his staff were summoned
to laboratory 2 in January 1946. Kurchatov told him, “Up ’til now, you’ve worked
on the molecular level; now it is necessary to work on the atomic level.” Dollezhal
and Vladimir Merkin were given the responsibility of building a plutonium pro-
duction reactor. Kurchatov gave him access to classified literature, but he began
by reading the Smyth report, which had been translated and published in 50,000
widely available copies. From the Smyth report, he first gained a sense, not only of
what plutonium was, but also of the immense scale of activities needed to produce
239Py in a reactor.

No longer a public person, Dollezhal disappeared for a decade into the secrecy
of the technical department of Main Administration directly under Beria. Working
in laboratory 2, Dollezhal was aware of, but paid no attention to, heightened ideo-
logical tensions in Leningrad during the so-called Zhdanovshchina, named after
Central Committee secretary for ideological affairs Andrei Zhdanov, whose writings
triggered a fearful attack on all things bearing the mark of Western influence. Many
areas of the philosophy of science, even symphonies of Shostakovich and concerti
of Prokofiev, fell beyond the pale. Meanwhile, the Kurchatov conscripts, Dollezhal
among them, innocently celebrated the successful design and operation of the first
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Soviet reactor (the F-1) with toasts of fine Georgian Tsinandali wine, even though
the December 25, 1946 start-up had been delayed by difficulties in producing the
50 tons of uranium and 500 tons of pure graphite required to run it.

As soon as the Soviet’s first atomic bomb had been detonated in August 1949,
Kurchatov asked Dollezhal to design a reactor to produce heat for turbogenera-
tors—that is, for peaceful purposes. Kurchatov, his colleagues, and the personnel of
the Main Administration under Beria debated various proposals to build the electric
power reactor. There were three competing groups: the Institute of Physical Prob-
lems under Anatolii Aleksandrov (he had replaced its founder, Peter Kapitsa, who
remained under house arrest until after Stalin’s death), the Physics Engineering
Institute under Aleksandr Leipunskii, and a newly formed institute called
NIIKhimmash under Dollezhal. Leipunskii’s project languished because of his focus
on breeder reactors. The Institute of Physical Problems proposed a reactor, the
Sharik (Little Ball), with a graphite moderator and UO, fuel elements. Heat trans-
fer would occur through helium at approximately 800°C. Helium compressors were
being developed at the Leningrad Factory. Unfortunately for the Aleksandrov
group, Soviet engineers had much greater experience with water-graphite reactors,
which were at the center of the nuclear programs at Kurchatov’s institute, with its
access to resources and political clout.

In February 1950, Boris Vannikov chaired the meeting of the technical council
of the First Main Administration at which the council members determined to build
AM, an experimental reactor facility with thermal power of 30,000 kilowatts and
electric power of 5,000 kilowatts. AM would be in Obninsk under the direction of
Dmitrii Blokhintsev. Andrei Kapitonovich Krasin, who had responsibility for sci-
entific issues, and Malykh, with responsibilities for uranium engineering problems,
joined Blokhintsev and Dollezhal. (By this time, Kurchatov and laboratory 2 had
turned to the superbomb and fusion.) By May 1950, Vannikov’s council expanded
the decision to include two other reactors on the Obninsk site, one with helium
and the other with liquid metal coolant. In August 1950, the laborers imported
from the army and prisons dammed the Protva River, built a pumping station, a fos-
sil fuel boiler, an electrical substation, and power lines. Simultaneously, engineering
firms joined the project to design buildings and run calculations on neutron
physics and on potential moderators, shielding, and coolants (water, lead, bismuth,
chromium, cobalt, molybdenum, magnesium, and various steels). Physicists at Sci-
entific Research Institute of Inorganic Materials commenced testing of various fuel
rods to establish their short- and long-term mechanical strength. They designed a
fuel rod enriched to five percent with a 100-day life that would produce 30,000 kilo-
watts of energy. The Kalinin Gidromash Factory produced the circulating pumps,
and the Podolsk Factory manufactured the steam generators.

Bringing the reactor on line was no simple matter. As director of NIKIET,
Dollezhal acquired the authority to requisition personnel with nuclear experience
from other institutes. But he was competing now with many other facilities, each of
which believed it came first. Worse still, the staff members had no laboratory in
which to do the scientific research needed to provide accurate answers to engineers’
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queries in a short time. Initially, Dollezhal could not find a building suitable for
NIKIET. Moscow, as Stalin’s home and symbol of the Party’s greatness, had been
rebuilt more rapidly than any other city after the war, and the supply of construc-
tion materials and suitable building sites could not keep up with demand. The chair-
man of the Moscow Executive Committee finally offered a recently vacated arma-
ture factory building. Over the next six months, NIKIET haltingly came into
existence on this site. Only then was this institute able to begin to solve the prob-
lems of constructing the Obninsk reactor in earnest.

The physicists considered themselves fully prepared for the undertaking in
Obninsk. After all, they had built the F-1. Indeed, even before the F-1 was com-
pleted, they commenced work on a huge plutonium production reactor, which
came on line in 1948 at Cheliabinsk. At the Kurchatov Institute, they brought the
10-megawatt experimental RFT reactor on line within two years of the start of
work in 1952. Hence, they had sufficient experience with production of pure reac-
tor graphite, metallic uranium, and fuel elements from it. In addition, the training
programs at Moscow University, Leningrad Polytechnical Institute, the Moscow
Energy Institute, Moscow Engineering Physics Institute, and Moscow Physical
Technical Institute were spitting out masses of young nuclear specialists of rote
learning if sufficient skill. Their teachers included Lev Landau, Evgenii Feinberg,
and Leipunskii.

Bringing the Obninsk reactor on line was a learning experience. During 1952,
work in all areas lagged, the work incentives of the Stalinist system such as firing
or arrest notwithstanding. At the end of the first quarter, the plan for the founda-
tion pit for the main building was only ten percent fulfilled; the barracks with a din-
ing hall for the convict-construction workers, seventy-two percent; the power sta-
tion boiler, nine percent; and the substation, not at all. Although the railroad was
nearly on target, four thirty-apartment buildings nearly finished, and the kinder-
garten and nursery school ahead of plan, the bakery lagged significantly (convicts,
one supposes, were used to poor food at the hands of the authorities). So Efim
Slavskii took direct control of construction. In 1953, page upon page of project doc-
umentation rained down on the Obninsk administrators in the form of government
resolutions. An early one referred to the unsatisfactory work on the 110-kilowatt
power lines, gas pipelines, fuel rods, technological channels, steam generators,
pumps, and so on, with the requirement that the workers be back on schedule by
the end of the year when start-up for the reactor was planned.

Rather late in the construction period, the physicists became aware of serious
safety problems concerning the risk of an explosion and radioactive contamination
from a high-pressure gas bubble that would form if water leaked onto the hot
graphite. Such a leak would also lead to prompt criticality in the form of a stream of
instantaneous neutrons (that is, an uncontrollable chain reaction). They were also
aware that the reactor had a positive void—that is, was inherently unstable at low
power and transitional regimes. Kurchatov, Blokhintsev, Malyshev, and Slavskii put
their heads together. They decided to carry out experimental research on the flow
of water through a broken tube in one of the technological channels. They tried to
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design an emergency system to control reactivity and contain potential leaks,
another system to contain water that was poured on the core to cool it during an
emergency, and so on. They also decided to increase the biological shielding and
develop a special system to cool the lower steel plate and concrete foundation. All
of this activity led them to postpone the reactor start-up several times.

The goal of producing electricity with the Obninsk reactor assumed greater
importance in the growing propaganda battle being waged between the United
States and the USSR over the use of the atom for peaceful purposes. The physicists
redoubled their efforts to ensure reactor safety before generating steam for turbo-
generators. On March 26, 1954, the Ministry of Medium Machine Building (known
in Russian as Minsredmash) created a commission to oversee start-up and, mani-
festing the typical Soviet proclivity to plan to the minutest detail, two weeks later
issued an order detailing the first four shifts of start-up. The Ministry ordered spe-
cialists who had worked on the plutonium production reactor to be brought in from
Cheliabinsk-40, including newly appointed Obninsk facility director N. A. Niko-
laev. In March 1954, the physicists began loading the reactor. On the evening of May
9, 1954, with sixty-one fuel rods in place, the physicists confirmed that the reactor
had reached criticality. They spent the next month refining calculations. In June, a
start-up commission of Slavskii, Alikhanov, Blokhintsev, Dollezhal, and others
approved a plan to bring the reactor up to seventy-five percent power over two
weeks and hold it there for two days to see what would happen. During that inter-
val, the reactor was in full shutdown for 133 hours, including the time on June 16
when the reactor was shut down in connection with a leak in one of the techno-
logical channels. Finally, at 5:30 p.m. on June 26, 1954, the reactor produced steam
that turned the turbine and generator, and put electrical energy into the Mosenergo
network.

Not everything went as planned, as an extraordinary session of the scientific
technical council of Minsredmash learned late in July. There were massive leaks
and corrosion in several pipes bringing coolant water to the technological channels;
there was insufficient cooling water, as a result of which water was near its boiling
point at the exit from the channels, and local boiling was undoubtedly occurring at
the exit from the active zone; drainage from the lower part of the reactor reached
350 liters per hour; there was a large amount of steam in the gas (helium) used to
protect the graphite from oxidation, as a result of which the temperature of the
graphite was significantly higher than calculated; the instruments for control of the
coolant through the individual channels seemed to fail constantly; and there were
constant false alarm signals. All these problems meant that the reactor was unsta-
ble and in need of constant attention.

Especially problematic was a significant amount of oxygen in the reactor core.
Whether the source was radiolysis (splitting of water molecules into oxygen and
hydrogen) or the result of a reaction between the graphite and steam, a gigantic
explosion was possible. Anatolii Aleksandrov argued that it was necessary to resort
to a sodium-potassium coolant. Dollezhal suggested turning the facility into a
research unit of sorts but closing the reactor after two loadings. But Slavskii insisted
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that it was a mistake to shut down the facility that was the foundation of future
powerful atomic power stations. They decided to carry out repairs and remove
all defective equipment, then operate the reactor at only seventy-five percent
power. They also decided to create two loops, one of water under high pressure and
the other of steam, and to increase the capacity of the heat exchange system of the
reactor.

In a surprisingly short time (which indicates a major advantage of the Soviet
system of establishing priorities), the retrofitting was completed; and in October
1954, at a power of twenty-seven megawatts, the turbogenerator produced projected
power by using steam produced at forty-two tons per hour at 12.5 atmospheres and
250°C. The graphite core reached 720°C, but leakage was less than one liter per
hour and there was little oxygen present.?> Sadly, these difficulties in bringing a five-
megawatts electric reactor on line did not impress the physicists as much as a 100-,
200-, or 1,000-megawatts electric reactor might have. Of course, the leading phy-
sicists received a Lenin prize for construction of the Obninsk reactor and for its
“uninterrupted operation over three years.” D. 1. Blokhintsev, N. A. Dollezhal,
A. K. Krasin, and V. A. Malykh had opened a “new area in the region of technol-
ogy—atomic energetics.”?®

FROM PROTOTYPES TO PRODUCTION

The first step from Obmninsk to Chernobyl, the Kurchatov Beloiarsk Atomic Electric
Power Station, was built sixty kilometers from Sverdlovsk in the village of Zarech-
nyi. This village was chosen because Sverdlovsk and a nascent nuclear industry
were already in place. Also, the site was distant from the feared invasion of forces
from the hostile capitalist West. Construction commenced on this industrial proto-
type station in the middle of winter, February 1958—somewhat later than antici-
pated. In September 1963, Beloiarsk reached criticality; and on April 26, 1964, the
reactor sent steam to a standard VK-100 turbine, producing electric power for the
Sverdlovsk grid. Extra steam met the heating and other energy needs of the 15,000
persons living in the town near the station. Roughly the same capacity as the Ship-
pingport (Pennsylvania) Westinghouse reactor, the thermal power of the Beloiarsk
reactor was 285 megawatts, the electric power 100 megawatts. The second block,
twice as powerful at 200 megawatts electric, came on line at the end of 1967. The
Beloiarsk reactors were linked to the Sverdlovsk grid by 110- and 220-kilowatt
power lines. The station’s importance lay in a design employing superheated steam
taken directly from the active zone to power standard, serially produced turbines.
At Beloiarsk, experimental work proceeded in two directions: to improve neu-
tron physics of the core zone and to increase the unit power. The Obninsk reactor
was tied into this research, for the physicists tested fuel rods with stainless steel
cladding there, and the Beloiarsk reactor was designed to produce steam of similar
parameters. The Beloiarsk reactor underwent extensive testing over several months
before it was brought on line. Physicists focused on confirming that the physical
characteristics met estimates, and they rigorously verified the reactor and its com-
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ponents in all stages of operation. The tests convinced them that they could move
on to larger units even before the first block was fully operational. Hence, con-
struction had already started on the larger second unit before 1964. And design of
a 1,000-megawatts electric unit also was underway.

At Beloiarsk, light winds often blew across the shorelines of the reservoir built
to provide cooling water for the station. Fishermen cast lines in gentle waves that
pushed rowboats up and down. Willow bushes and trees grew down to the water.
This area had been taiga (subarctic conifer forest), but now everyone was comfort-
able with the reservoir and the water slapping against the shoreline as if it had been
there forever. Forest still surrounded the entire site. The main geodesist for the sta-
tion, Petr Ivanovich Zlobin, arrived in 1959 to figure out how to build a reservoir of
thirty-eight square kilometers from a small tributary of the Don, the Pyshma River.
This was no problem, because Soviet engineers had experience building similar
reservoirs throughout the European USSR. The first Beloiarsk station director, M.
L. Kolmanovskii, earned his stars in thirty years of construction on electric power
stations in the Donbas, the lower Volga, the Far East, and the Urals. The head of
construction, N. A. Rogovin, had built huge boilers throughout the nation. Boilers,
reservoirs, electric power stations, there was nothing new here, they thought,
although technical difficulties and an inexperienced workforce continually
thwarted their efforts to bring the reactor on line.?

A few dozen kilometers from Sverdlovsk and the Sverdlovsk-Tiumen railway
line is the Bazhenovo station, from which a trunk line goes north. Prior to the begin-
ning of construction at Beloiarsk, the line was the main connection with an asbestos
mine. Now machinery, equipment, and boxes of supplies began to arrive from all
ends of the country, all marked “BAES” in big, black, block letters. These were
shipped north to a newly built station, Muranitnaia. From Muranitnaia, twelve kilo-
meters of service roads—initially mud and gravel, later loosely fitted concrete
slabs—Iled to the construction site. Another concrete highway struck off through the
forest to the town where the workers lived. The reactors were built from huge pre-
fabricated concrete blocks, each weighing fifteen tons. The blocks served simulta-
neously as reactor housing and as biological shielding. The machine hall, too, was
built from prefabricated concrete forms. The engineers even used the same blocks
to reinforce the dams and levees of the Beloiarsk reservoir.?®

Viktor Sviridov and other earthmovers who had been recently discharged from
army construction brigades drew on their experiences with S-80 and DT bulldozers
to plow down trees in advance of the growing reservoir. The directors put the lazi-
est workers and underperforming brigades under the supervision of decorated com-
munist laborers, who were capable of turning these reluctant workers into troops
capable of winning the honor “Shock Worker of Communist Labor.” Training for
workers, good or lazy, took a number of forms: textbook instruction, indoctrination,
and experience at the controls of an earth-moving machine—a practice risky for
worker and nature alike. Advancement came hard. Many workers who tried to get
high school degrees failed their exams and had to take correspondence courses. But
even lazy or illiterate workers were rarely dismissed, for the directors believed
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nuclear reactor construction was no different from any other construction. All
workers, even those in Komsomol shock brigades, dreaded the chaotic transporta-
tion from the site to lunch and to the barracks. Those persons who worked in the
reactor hall itself were the elite. They wore clean white clothes, including white
boots, and were known as “men in white smocks.” And, after station construction
was completed, what did the workers intend to do? They clearly understood that
the industrialization of atomic energy was not far off. Said one, “We’ll go to another
site. There will be enough stations to keep us busy until the end of the century.” Yet
in the same breath, they called Beloiarsk “a unique industrial experiment,” the first
of its kind.?? Given the low level of training of some of the workers and the nature
of the experiment, it is not surprising that Beloiarsk came on line years after ini-
tially intended. Few persons brought wives and family to the site at first, for they
lived in dorms—or worse still, in barracks—only later earning rooms that were built
for them after the station took shape. Only the lucky ever gained apartments, let
alone such luxuries as televisions or refrigerators.?¢

Soviet nuclear physicists considered Beloiarsk to be “the epitome of perfection”
of the reactor type employed at the Obninsk site because the Beloiarsk reactor
achieved “nuclear superheating of steam on industrial scale.” The active zone of the
reactor held 67 tons of uranium enriched 1.5 to 2.0 percent, with 998 technological
channels through which water flowed to remove heat; of these channels, 730 were
for generating steam and 268 for reheating steam. Water entered the steam channels
at 150 atmospheres and 300°C and exited at 340°C. It entered the other channels
at lower pressure but higher temperature (115 atmospheres and 320°C), and exited
superheated to 500° to 510°C. There were ninety control rods, including sixteen
emergency rods and six automatic rods.

The physicists designed Beloiarsk without a containment vessel. It sat in an
ordinary, if massive concrete box 12 meters high and 3.5 meters wide, with walls
100 to 150 millimeters thick. This kind of reactor “housing” freed the heavy
machine building factories from the problems associated with manufacturing heavy
steel reactor pressure vessels, which weighed over 200 tons, a problem Soviet indus-
try never seemed to handle well. The use of a concrete box created other difficul-
ties, however, especially control of reactivity; and this problem created the need for
precise operation of various instruments. Another challenge concerned the pres-
ence of a multitude of pipes of different sizes under high pressure. Yet even before
the Beloiarsk station was operational, the first deputy of the Atomic Energy Com-
mission, N. D. Morokhov, touted its advantages for future “serial production,” espe-
cially the absence of a containment vessel, “which made it possible in a short time
to design and build such a reactor.”3!

Beloiarsk physicists rated their machine highly for many reasons: (1) the pos-
sibility of building reactors of significant size with modest changes in the active
zone; (2) the ease of using channels for various purposes (for example, for boiling
water and superheating steam) yet still using standard turbines; (3) reactor safety—
if fuel rods were damaged, fission products could not enter the coolant and hence
the turbines; (4) the minimal influence of water on reactivity during different tran-
sition processes connected with changes in the temperature and state of the coolant;
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The F-1 atomic pile, the first Soviet reactor (1946). The F-1 was built in Moscow on the site
of the Kurchatov Institute for Atomic Energy and still operates for experimental purposes at
low power. (Courtesy of Raissa Kuznetsova and the Kurchatov Institute)
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The Beloiarsk Nuclear Power Station, shortly after it commenced operation in 1963. (Courtesy
of Raissa Kuznetsova and the Kurchatov Institute)
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(5) the ability to refuel the reactor without complete shutdown; and (6) the heavy
reliance on standard construction factories without having to use unique equip-
ment or create a new industry.>?

The second Beloiarsk reactor (200 megawatts electric), which came on line in
December 1967, had the same measurements and basic design as the 100-megawatts
electric unit), but the active zone of the second unit had a simpler configuration
and produced steam more efficiently. An increase in the internal diameter of fuel
rods (without changing the external diameter) enabled physicists to employ less
fuel per unit of power output and ensured an optimal relationship between the
quantity of fuel and the moderator. The second unit employed 1,430 kilograms of
235 enriched to 3.0 percent; the first unit required 1,200 kilograms enriched to
1.8 percent. So confident were the Soviet physicists in these early efforts that it
should come as no surprise to learn that as early as 1964 they had drawn up the first
designs for a 1,000-megawatts electric unit (see Appendix, Table 5).33

It seemed that Soviet physicists had succeeded in making their reactors a
machine in the garden. The first journalists who traveled to Beloiarsk and Novov-
oronezh strove to make commonplace new words that had recently entered the
Soviet lexicon: “Atomic City,” “biological defense,” “reactor shaft,” “atomic worker.”
The physicists consciously employed the metaphor of the “machine in the garden”
to make nuclear power seem unthreatening. At the same time, they referred to the
“unique” atomic “giants” presciently as a “great industrial experiment” on a nation-
al scale. No longer could the USSR tolerate the lengthy and expensive path from lab-
oratory experiments to production. In atomic energy, science and production now
went hand in hand, joining scientists and praktiki, engineers and builders. One of
the great advantages of the socialist system was that science and construction,
research and production, were joined in scale and energy impossible in capitalism.3*

FROM LENINGRAD TO IGNALINA

How rapidly they jumped from Obninsk to Leningrad and from apartment buildings
to reactors, with Kurchatov’s ironic blessings, “S legkim parom!” Literally these
words mean “with easy steam,” and they originated as wishes for a good experience
at the sauna; but they came to mean “Have a great time!” The steam at nuclear
power stations was anything but easy, and building the stations was anything but a
great time. Within twenty years, the power of standard Soviet reactors increased
200-fold from 5,000 kilowatts to 1,000 megawatts electric and from 30,000 kilo-
watts to 3,200 megawatts thermal, and to dozens of atmospheres of pressure. The
building sites at first glance looked like any others, with cranes, bulldozers, and
dump trucks, concrete forms, bags of cement, piles of garbage, and the usual noise
of a big construction project. Yet somehow designers managed to keep aesthetics in
mind. Sosnovyi Bor (Pine Forest), the town with the poetic-sounding name only
three kilometers from the station on the shore of the Bay of Finland, basked in the
winds from the bay and the glorious scent of fir trees. Nowhere was there the acrid
odor of coal. At Sosnovyi Bor, we are told, the Lenin Leningrad Atomic Power Sta-
tion (LAES), with a glorious snow-white main building larger than four football
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fields, was erected. The station required a new architecture, characterized by one
Soviet writer as “unbelievably beautiful, mighty, as if regulated by mathematics
which conceal its scale.” This structure was “merely a somewhat complicated
samovar.” But the writer confessed moments later, after climbing up dozens of steps
to the reactor hall, a building that looked like a mine with two-meter thick walls,
that perhaps this was not quite a samovar.?

They called LAES the “flagman” of atomic energetics, for it was the first
RBMK-1000. No doubt Peter the Great would have been angered by the construc-
tion of four concrete monstrosities on the outskirts of his “Venice of the North,”
St. Petersburg. But for Soviet engineers and physicists, this was truly a joyous aes-
thetic and a monument to socialist ingenuity. You could stand on top of any one of
the four 1,000-megawatt reactors, watching safely as they replaced spent fuel rods.
To some, the huge station recalled the Moscow Train Station in Leningrad, except
that it was five times longer and three times higher, and had 500,000-kilowatt tur-
bines instead of locomotives. In comparison with the Krasnoiarsk hydropower sta-
tion, which had a capacity of six million kilowatts, LAES seemed modest at only
two million kilowatts. But in the best years, when there were heavy rains, Kras-
noiarsk produced twenty-four billion kilowatt-hours of power (in average years,
only twenty billion); whereas LAES produced twenty-four billion kilowatt-hours no
matter what the weather and, in addition, saved 150,000 wagons of coal annually.3®

The LAES, still in operation today, is a single-loop system: The steam fed to
the turbine is directly produced in the reactor as a result of the boiling of the
coolant. Ordinary water is used as the coolant and circulates in a closed loop; the
turbine condensers are cooled by seawater from the Gulf of Finland. Each power
unit includes a reactor with a circulation circuit and auxiliary systems, steam and
condensate circuits, and two turbines of 500 megawatts each. One hundred eighty
tons of uranium oxide enriched to 1.8 percent fills the core. To ensure radiation
safety, engineers developed a highly reliable control and safety system, including
about 180 independent absorbers with separate sensors, leak detectors, and dosime-
ters; emergency cooling equipment to prevent mass rupture of fuel rods; periodic
inspection; and steam receivers to prevent large steam releases.

The Soviet engineers have come to view the RBMK as a common industrial
facility. But, of course, it is more complex. Each reactor is housed in a concrete pit
of 22 x 22 x 26 meters. The reactor weight is transferred to the concrete through
welded structures that also serve as biological shielding. The graphite stack consists
of graphite blocks (250 x 250 millimeters) arranged in the form of columns provided
with vertical cylindrical holes. The holes accommodate process (steam generating)
channels or control and safety channels. To prevent the graphite from oxidizing and
to improve cooling, the reactor space is filled with a mixture of helium and hydro-
gen. The process channels are welded tubular structures designed to house fuel as-
semblies and circulating coolant.

As soon as two units of the LAES had come on line, its promoters advanced the
notion of building 1,500-megawatts electric and 2,000-megawatts electric RBMKs.
The 1,000-megawatt units were only “a step forward in the development of channel
reactors,” because analysis of their thermal characteristics revealed “reserves. A
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series of parameters that defined the power level of the reactor such as the temper-
ature of the metal construction and graphite blocks in reality turned out to be some-
what lower than calculated.” The first block of LAES went on line late in 1973, and
loading of fuel into the second block commenced in the spring of 1975; in July 1975,
a technical proposal for a 1,500-megawatts electric reactor was issued, leading with-
in another half year to the decision to build a reactor of that size, namely, the Ignal-
ina plant in Lithuania. Leningrad convinced the physicists to “force” the thermal
power of the RBMK, first by raising the temperature of the moderator and graphite,
and then by raising the steam content at the point where the coolant exited from the
technological channels. All this was to be done without risk of a transition into a
region of critical thermal load.>”

The intent was clear: No nuclear construction site should be different from ear-
lier ones, and each subsequent unit must be bigger than the previous one. But try as
they might, bottlenecks in construction always arose. “Ribbons of asphalt” bent
gracefully from the stations to the towns housing the workers. The towns had dor-
mitories, day care facilities, stores, and sooner or later, apartment buildings. The
nation contributed materials, services, and workers to the priority endeavor. But
whether Volgodonskenergostroi at Atommash or Donbassenergostroi at the South-
ern Ukraine station, the Soviets couldn’t seem to keep on schedule—for such sim-
ple reasons as failure to build enough entrances to the worksite.*® On the outskirts
of Smolensk, the Soviet engineers built a town of 35,000 inhabitants, who worked
to bring the 1,000-megawatt RBMKs on line, the first slowly, with great difficulty,
the second “significantly more quickly and correctly.” Construction belatedly devel-
oped the character of a “unitary technological process.” Earlier, having finished one
unit, workers might sit around waiting for further instructions. They used their
uninterrupted pay to consume massive quantities of vodka. Once planners achieved
a “unitary process,” workers freed from one unit moved immediately to the next
unit in an orderly—and, of course, rationally planned—fashion, speeding up the
introduction of stations over thirty percent. And, by this time, a nuclear industry
existed, with all the appropriate equipment, power, technology, transportation facil-
ities, and other machinery.??

The queen of reactors was Ignalina in Lithuania. Lithuanian specialists began
preparing for the nuclear era along with other Soviet republics. Lithuania was a “re-
public” in the loose sense of the word, for a number of Western nations, the United
States included, never recognized Soviet military subjugation of Lithuania, Estonia,
and Latvia, referring to them instead as “Baltic states.” But no less eagerly than sci-
entists in other Soviet republics, Lithuanian physicists greeted Kurchatov’s twenti-
eth congress speech with the hope that they, too, could develop an indigenous peace-
ful nuclear program. Indeed, such a program of applications of isotopes in industry,
medicine, and agriculture ensued. So did construction of the world’s largest reactor.
Jonas Gyys, head of the Thermal and Nuclear Energy Department of Kaunas Uni-
versity of Technology, commenced training engineers for nuclear power plants in
1961. The program was interrupted in 1983 but restarted in 1995 with a bachelor’s
of science degree in nuclear engineering. It was a logical outcome of independence
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from Soviet power, for Lithuania required its own specialists to manage thermal and
nuclear power plants, and technologies in the food, chemical, oil, and building mate-
rials industries.

Each Ignalina reactor is a 1,500-megawatts electric, 4,800-megawatts thermal
unit and has a direct cycle configuration: Saturated steam is formed in the reactor
itself when light water passes through the core and then is fed to two 750-megawatt
turbines at a pressure of 6.5 megapascals. Each unit has its own fuel handling sys-
tem and unit control room. The turbine room, waste gas purification, and water
conditioning rooms are shared. As is typical for the RBMKSs, the main structural ele-
ment of the reactor—a graphite stack with fuel channels, absorber rods, and sur-
rounding metal structures—is housed in a concrete vault. Vertical graphite stack
columns contain fuel channels and control rod channels. To prevent graphite oxi-
dation and to improve heat transfer from graphite to fuel channels, the reactor space
is filled with a helium-nitrogen mixture. The fuel channels are tubes whose lower
and upper portions are fabricated from corrosion-resistant steel, whereas the cen-
tral part is made of a zirconium alloy. (The welds of the steel and zircalloy may be
a weak spot of the reactors.) A fuel assembly bank consisting of two fuel assemblies,
each assembly containing eighteen fuel rods filled with uranium dioxide pellets, is
suspended in each fuel channel. Light water is fed into the lower end of the fuel
channels. From there, it enters separators. A biological shield of carbon steel, ser-
pentine crushed stone and gravel, concrete, sand, and water surrounds the core.

There are 211 carbide boron rods in control channels, each rod moved by indi-
vidual servomotors mounted on the top of the control channels. The control rods
are cooled with water from a special loop. Of these rods, forty are used for energy
distribution control throughout the entire active zone, and twenty-four are for use
during an emergency and can be introduced into the active zone within 2.5 seconds.
Extensive sensor and monitoring instruments supplemented by computer systems
ensure reactivity control and safety. These systems log data, measure energy release
in the channels, monitor fuel assembly cladding tightness, coolant flow, and tem-
perature; they include various sensors and transducers. Almost ninety-nine percent
of the radioactive fuel elements are kept in spent fuel pool storage, which is in the
same building as the reactor. A German firm, GNB, won a contract to provide sixty
steel containers with at least a fifty-year life to provide safe storage after the radioac-
tive material is removed from the temporary fuel pool storage system.*® The first
Ignalina station came on line at the end of 1983. The second Ignalina unit was de-
layed for months by construction and safety concerns, but it finally went into oper-
ation in August 1987. Two more 1,500-megawatt units were scheduled for 1990 but
were not built. To cool the massive piles, they built the largest lake in the country.

Ignalina operated more efficiently and more cheaply in 1998 than in 1997, and
in 1997 than in 1996. In 1996, unit 1 operated at a 53.5 percent gross capacity and
unit 2 at 16.7 percent gross capacity, with six shutdowns, of which four were for
emergencies. By the International Nuclear Event Scale, there were no “accidents,”
only “anomalies” and “below scale event deviations.” In 1997, unit 1 operated at
62 percent capacity and unit 2 at 65.1 percent capacity; there were no shutdowns
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and no accidents or incidents. In 1998, unit 1 operated at 54 percent capacity and
unit 2 at 88 percent capacity, with only one “below scale event deviation.”*!

Despite the below scale event deviations and despite the bad reputation associ-
ated with the RBMK, the Ignalina station managers now hold a festival each sum-
mer for the International Youth Nuclear Association, “embracing young nuclear
plant specialists from Russia, Ukraine, and Lithuania . . . to maintain contacts be-
tween the power plants, cooperate and exchange experience in nuclear energy, busi-
ness, culture and environmental protection.” Young plant operators from the LAES,
Kolsk, Rovno, Chernobyl, Smolensk, Kursk, and Ignalina stations are represented,
as are colleagues from reactors in Hungary, Bulgaria, and elsewhere.

In 1986, Soviet physicists had just begun their dance with gigantomania at
Ignalina. The “intensive development of nuclear energetics and the aspiration to
larger power units” placed before engineers the problem of “construction . . . of rea-
ctors from standard components,” that is, the problem of how to build bigger reac-
tors with greater output without having to create a special machine building capac-
ity or a more complex design. After considering a 2,400-megawatts electric unit,
they settled upon a project employing sectional blocks, which, when assembled, re-
sulted in 2,000-megawatts electric RBMKs. Dollezhal and Vasilii Emelianov wrote,
“The application of uniform sections will permit building reactors of practically any
power with the utilization of similar component decisions both for the reactor and
for the construction of the building.” These sections would be sufficiently auton-
omous to permit localization of accidents and failures without shutting down the
reactor. Unlike the RBMK-1000, in which the upper and lower base-shielding metal
construction is supplemented with serpentine fill with a low coefficient of thermal
conductivity, the RBMK-2000 would achieve thermal stability simply by filling with
water. Furthermore, in the RBMK-1000, the coolant is boiling water; in the RBMK-
2000, the coolant is nuclear superheated steam.** With only modest changes in con-
struction parameters but significant changes in thermal characteristics, engineers
planned to construct reactors much larger than anything the world has ever seen,
using only slightly more enriched uranium and a relatively small active zone (see
Appendix, Table 6).

The advantages of the RBMK were clear. The units and equipment were made
at existing plants in the country and did not require the establishment of a new
machine building industry. There appeared to be no limits to the unit power asso-
ciated with manufacture, transportation, and installation. For a system so heavily
centralized that one or two organizations might come to dominate an entire indus-
try, it was a significant advantage for the RBMK not to have to worry about manu-
facture at some distant, inefficient, yet dominant organization. Physicists remained
confident that low pressures and branching in the circulation system eliminated the
possibility of an accident caused by loss of coolant. The four Leningrad and two
Kursk units operated at full capacity over eighty percent of the time in 1982 and
1983, leading to a net efficiency of nearly thirty percent. Fifty-eight years of total
reactor operating experience by 1986 contributed to a sense of security. The eco-
nomic savings of on-line refueling and shared machine hall facilities were signifi-
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cant. And Soviet experience with the pressurized-water reactor, although limited to
1,000 megawatts, seemed to clear the way for unbridled expansion of the industry.*?

THE SOVIET PWR: THE VVER

If it is possible to move rapidly at one site from one basic design to larger and larger
channel-graphite reactors, then it must be possible with pressurized-water reactors,
too. And if the Beloiarsk station was “the epitome of perfection,” then the Novo-
voronezhskaia Atomic Electric Station was hailed as the “greatest in the USSR.”
Located forty kilometers from Voronezh, a city of one million inhabitants with vital
machine building, chemical, construction, and food industries; on the important
Moscow-Rostov-on-Don-Kiev railway line; and on the Voronezh River, a tributary
of the Don that provides cooling water, the station grew in power by leaps and
bounds. Its first reactor was a 210-megawatts electric unit that came on line in 1964.
Unit 2 (365 megawatts electric, 1969), unit 3 (440 megawatts electric, 1971), and
unit 4 (also 440 megawatts electric, 1972) followed rapidly. A fifth unit reached the
magic number of 1,000 megawatts electric. There was no reason for engineers, shift
managers, or workers to question the placement of the reactors in beautiful forests
minutes from the peaceful Don.

The village of Novovoronezh arose in the muck among recently planted sap-
lings and precisely planned streets, stores, and apartments. This was a new social-
ist city. In the frequently foul weather, the settlement didn’t look all that nice, and
apartment construction lagged fifty percent behind schedule. The hope remained
that apartments, theaters, stores, and schools would rise up simultaneously with the
nuclear reactors. But the workers had to build fifty kilometers of power lines,
twenty-five kilometers of highway, and a railroad trunk line from the Voronezh
junction to the construction site first. They added two concrete factories, one with
an annual capacity of 150,000 cubic meters, the other producing 35,000 cubic
meters of prefabricated concrete forms. The simultaneous construction of 20,000
square meters of apartments is much less impressive when we realize that this is
only 1,435 apartments, each at 150 square feet. At least they had modern plumbing
and a sewer system, and soon they planned to have a milk factory. They quickly put
up a movie theater with 350 seats, a hospital, a nursery school, and a bakery. In Sep-
tember 1959, five years before the reactor produced electricity, they opened a music
school. Quiet flows the Don!**

Novovoronezh is not far from the Donbas. The original plan called for a typi-
cal coal-fired station on the spot. But how much good Don coal would they have had
to burn to produce the four billion kilowatt-hours generated in the first five years of
the station’s existence? Almost two million tons! Still, a group of local residents who
feared radioactive contamination implored the officials not to build the reactors,
and then, after it was already built, not to operate it. With a self-satisfied smile, the
deputy chairman of the Soviet atomic energy commission dismissed their worries.
Wouldn't the atom pollute the Don’s pure (sic) water? Wouldn’t some kind of radio-
active fallout ruin the rich black earth steppe? Within the plant, white coats and
hats, synthetic boots that squeaked along the marble floors, automatic dosimeters
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and badges, thick reinforced concrete walls tested by defectoscopes to prevent any
radiation from passing from the reactor into the hall, all reflected genuine concern
for the health of workers and local residents. The deputy chairman proclaimed,
“Don’t worry.” 4>

When the first PWR came on line at Novovoronezh, scientists and Party offi-
cials celebrated its operation as the symbol of a new age. This 210,000-kilowatt
reactor achieved criticality without a major glitch, circulating the requisite cool-
ant—35,000 cubic meters of distilled water daily, “an entire lake”—to prevent
30,000 zirconium-clad fuel rods from melting down. The reactor was fueled by ura-
nium oxide pellets enriched 1.5 to 2.0 percent in 343 fuel rod assemblies, each with
91 fuel rods wrapped in zircalloy. Water in the first loop passed through the active
zone of the reactor, serving simultaneously as moderator and coolant. Six steam
generators produced 1,400 tons of steam per hour. As the water turned to steam, it
was time to extract its heat in the second loop, a heat exchange loop that set three
70,000-kilowatt turbines in motion. With concrete and fuel and steel, the reactor
weighed over 400 tons. On September 30, 1967, at 3:45 in the afternoon, the first
turbine of the station began to spin; and by the morning of October 2, the first mil-
lion kilowatt-hours of electric power had entered the Voronezhenergo grid.*

Station employees hung the typical banner of the era everywhere. On it was the
slogan “Let the atom be a worker, not a soldier.” The station was not only peaceful
but also safe, or so engineers believed, so there was no exclusion zone and most
workers lived no more than 1,500 meters away. Not only was the station an achieve-
ment of the new atomic era, but those who operated the station were also youthful
in their age and exuberance. Most were hardly older than thirty. It was easier to
get young workers, many of whom had yet to marry, to migrate to the atomic cities
coming into existence around the European USSR. Persons with families rarely
wanted to move. Like each future atomic city, Novovoronezh had its Kurchatov
Street, Uranium movie theater, and House of Culture with atomic emblems plas-
tered on the exterior.*”

The hydroelectric stations on the Volga and Dnepr were decades in develop-
ment before engineers made the leap in power and scale to the massive, multimil-
lion-kilowatt Kuibyshev, Stalingrad, and Bratsk hydropower stations. But for atomic
energy, a huge leap in power generation within a decade well befitted the atomic
revolution. Nearly instantaneously, engineers moved from the first station in
Obninsk at 5,000 kilowatts in 1954 to 210,000 kilowatts at Novovoronezh—a
42-fold increase. The construction site had become “an arena of engineering art,”
where problems big and small, and especially “the battle for quality,” were solved
largely with science. Aleksei Stukalov, director of the inspectorate for construction
norms, toured the concrete, reinforced concrete, and steel structures, for a long time
unclear about how to verify their quality. He settled on ultrasound methods sug-
gested by scientists in the Academy of Construction and Architecture and on X-ray
methods to verify welds. Most of the workers and their bosses came from army pro-
jects, or hydropower stations and dams, or fossil fuel plants, and they strove to apply
that construction knowledge in Novovoronezh. They figured it out through hard
work, combined with rolled-up shirt sleeves, natural talent, and a bit of luck. Their
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credo: “We create the future today.” The workers had an evening school, a con-
struction technical school, and a branch of an evening engineering construction
institute. The deputy shift director, Evgenii Bedrinov, attended a higher maritime
school, then served on the Lenin icebreaker, and now “works on earthly elements,
studies himself, and teaches young persons the difficult art of the management of
the peaceful atom.”*$

The second Novovoronezh block was 365,000 kilowatts. Even though the reac-
tor vessel was the same size as the first unit, technical improvements in the physics
of the core enabled engineers to increase the block’s output without significantly
enlarging the reactor itself. There were some unsettling experiences with the first
unit, however. According to planning documents, the station would undergo shut-
down, refueling, and start-up within twenty-three days. But the first refueling oper-
ation took forty-three days because the engineers discovered a leak and had to dis-
mantle and replace several safety systems, gauges, and thermometers, overhaul
the turbogenerators and pumps, and so on. The lengthy refueling process was de-
clared a victory in any event, because planners retrospectively forecast fifty-three
days to finish the repairs. In the third and fourth units, there vere two turbines,
each at 220 megawatts, and the reactor had become the standard VVER-440 proto-
type. Power lines of 100, 220, and 500 kilowatts joined these reactors to the central
energy grid. The head of the State Committee on Atomic Energy, Andronets Petro-
siants, argued that this experience, leaks and all, proved that VVERs ought to be-
come the basis for nuclear energetics (see Appendix, Table 7).4° Of course, most of
the stations came on line at the end of the year, usually in December, as workers
stormed to meet annual target plans.

They turned on the fifth Novovoronezhskaia unit, a 1,000-megawatts electric
PWR, in 1980, ten years after construction commenced, even though the PWR
nuclear industry now had its own machine tool industry. In reality, no amount of
direct orders could make centrally planned firms work well together. Teploelektro-
proekt, the main architects for Russia’s many heat engineering projects, was the
main engineering firm. Gidropress, seemingly the only trust capable of building a
huge boiler, designed the nuclear heart of the unit. Kurchatov Institute personnel
supervised the scientific aspects of plant construction. The Izhorsk and Kirov Elek-
trosila factories and the Kharkiv Turbine Factory manufactured special equipment,
which would ultimately be produced in serial form. A major goal of this plant was
to test the extent to which huge components and other equipment could be trans-
ported to the site by railroad, while simultaneously improving the physical charac-
teristics and performance of the VVER-1000. Railroad transportability limited the
size of the reactor vessel to 450 to 460 centimeters (a bit less than 15 feet). The
choice of number of fuel rods and their orientation; such components as turbogen-
erators; and construction materials (steels, concretes, standard piping, and so on)
had also reached a stage of standard design, approach, and materials. Engineers
intended to pursue further modernization of the VVER through modest changes in
the active zone of both fuel and control rods, more reliable equipment, and simpli-
fication of the reactor as a whole to optimize thermal characteristics, fuel reloading,
and so on.*?
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The 1,000-megawatt unit required a huge concrete containment facility: 76 me-
ters high and 45 meters in diameter, “made of pure concrete of the highest quality,”
with polyethylene-covered rebar 150 millimeters (0.6 inches) thick. The fifth unit
also had its own cooling pond, which had a surface area of 600 hectares. Contain-
ment eventually became standard equipment for Soviet PWRs, after much heated
debate among the engineers and officials of the various agencies and ministries
involved in nuclear power. Those promoting more safety won out, even though this
decision added significantly to the cost of nuclear construction. More than safety, a
desire to sell these reactors abroad, where they would have to compete with West-
ern PWRs with full containment, was a crucial consideration. A plenary session of
the Central Committee in December 1977 seems to have led to the decision to put
containment on the fifth Novovoronezh unit and all future VVERs.5!

To keep costs low on the Novovoronezh station and future 1,000-megawatts
electric units, engineers recognized the importance of containing labor inputs in
construction on site as well as guaranteeing “mass production techniques” where
possible. This approach was to be facilitated by arranging work at any reactor park
so that four units could be brought to completion within a few years of one another,
with workers gradually joining a site, and with housing appearing only sometime
later. In theory, this would keep workers busy and Party officials happy. According
to a published plan, work on unit 1 commenced in year 1 and finished in year 5; on
unit 2 in year 3 and finished in year 7; on unit 3 in year 5 and finished in year 9;
and on unit 4 in year 7 and finished in year 11. Four 1,000-megawatts electric reac-
tors in 11 years! Officials in the construction trust Soiuzatomenergostroi codified
specifications with applications for any reactor site. These specifications extended
to all aspects of construction: planning; number of workers and their organization;
what machinery and equipment to employ, from prefabricated concrete forms and
components, to what cranes, excavators, and bulldozers to use in site preparation
and assembly. At the Zaporozhskaia reactor park, a Kroll 240-ton crane lifted cylin-
drical pieces of reactor containment 12 x 34 meters and 100 to 120 tons, and other
construction pieces weighing up to 150 tons. For construction of the reactor vessel
at 314 tons and steam generators each at 322 tons, a bridge crane was used. Trans-
port from factory to site by truck, barge, or railroad depended on weight and size,
with the railroad being best for any item up to 3 x 12 meters. Hence, a factory could
produce most of the metal work, including containment.>?

The Minister of Electrification, P. S. Neporozhnii, acknowledged a few of the
problems facing the nuclear industry in 1981. One was the failure of machine build-
ing to keep up with the tempo of engineering innovation. For the VVER-1000, for
example, they had successfully introduced standard manufacture with special nu-
clear enterprises, standard assembly and construction using reinforced concrete
forms, standard machinery and equipment, all of which in theory permitted assem-
bly of the units within five years—of course, only with strict observance of quality
control standards for every component and material of the reactor and every stage
of construction. Yet Neporozhnii worried that “stoppages interfere with material
technological supply. Frequently, there are insufficient numbers of parts manufac-
tured from special alloy steels, which are used in large number in atomic power sta-
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tion construction. Factories manufacture them without any rhythm, so that Min-
istry of Ferrous Metallurgy must take under special control delivery for atomic
energy, for the development of metallurgy itself, especially electrometallurgy de-
pends to a great extent on the production of electrical energy.”>* The solution was
the Atommash nuclear reactor factory (Chapter 3).

The VVER had another application, nuclear heating, because Bolshevism had
fatally criticized the individual furnace or woodstove as a bourgeois luxury. Huge
boilers would provide heat through massive under- and overground conduits, snak-
ing through cities, each leaving a swath of muddy snow in the winter and parched
grass in the summer. Academy of Sciences president Anatolii Aleksandrov pushed
nuclear heating plants with vigor. The construction of these facilities, designed
“AST” in Soviet parlance, within spitting distance of such large cities as Gorky and
Voronezh, raised special safety concerns. Plans were made to build similar stations
near Minsk, Odessa, Kharkiv, and Volgograd. But a moratorium on nuclear con-
struction after Chernobyl gave impetus to significant public opposition during the
perestroika period and beyond, preventing all but Voronezh from operating. When
first promoting ASTs, engineers sought sufficiently lightly settled regions (no more
than thirty persons per square kilometer and at least thirty kilometers from large
cities). This decision meant that perhaps 100,000 and even as many as 200,000 res-
idents might live in nearby regions. But to lower costs further and maximize effi-
cient use of steam, they moved the AST boilers and their infrastructure closer to
city centers, as close as a few kilometers away. The steam pipes were not electric
power lines; no matter how well insulated, each kilometer of duct permitted signif-
icant loss of heat energy into the ground and atmosphere, so the nuclear furnaces
had to be as close to the users as possible. Another challenge arose from the fact that
demand for heat was uneven, varying two- to threefold during the day. How could
you guarantee safe operation of the reactor with such changing load demands? Fur-
thermore, proximity increased manyfold the risk of radiation exposure of significant
numbers of persons in the case of an accident. Engineers believed that if they devel-
oped higher quality materials and equipment, highly reliable fuel rods, a new reac-
tor design to isolate coolant of the first loop in all cases from steam heat; and siting
to preclude accidents such as a direct hit from an errant airplane or an explosion at
a nearby enterprise, there was no reason to delay building a dozen or more ASTs.>*
S legkim parom!

For nuclear heating plants and nuclear cogeneration plants to play a role in the
USSR’s energy future, nuclear engineers had to convince specialists in other indus-
trial ministries that nuclear heat was good heat, that its application in metallurgy,
hydrocarbon cracking, and home and industrial heating, was a reasonable and
achievable goal. Immodest engineers in Teploelektroproekt were convinced that the
plants, each equipped with two 500-megawatt reactors, were safe because they oper-
ated on “natural circulation,” without the need for cooling water pumps, and gen-
erally operated at lower temperatures and pressures. They calculated that a 1,000-
megawatt AST would provide heat to 400,000 homes, get rid of 400 smaller boilers,
save 900,000 tons of coal or oil, employ at least 100 fewer persons, and operate with-
out fossil fuel pollution.>® Steam of “technological” parameters, 900° to 1,000°C
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and even higher, might be used up to eighty kilometers from the site of its genera-
tion. Engineers in several countries carried out design work on fast helium breeder
reactors capable of producing superheated steam.>®

As a special love of Anatolii Aleksandrov, the AST gained momentum despite
the engineering challenges encountered and moved inexorably closer to deploy-
ment near unsuspecting residents. The flagship of the AST was the Gorky station
(GAST), which was located only five kilometers from apartments and stores. As if
to underline the machine in the garden philosophy, or perhaps the disrespect of
engineers for citizen concerns, the plant was located next to a rolling landscape
of fir and birch trees, near a sanitarium, a children’s pioneer summer camp, and a
series of private plots and vegetable farms. Construction on GAST was well under-
way when Chernobyl, glasnost, and democratization put an end to peaceful con-
struction. After Chernobyl, engineers claimed to no avail that GAST would replace
270 small boilers, fill half of the city’s hot water demand with a heating grid 60 kilo-
meters in total length, and provide heat for 350,000 out of 1.5 million residents.

No sooner had Gorbacheyv called for “openness” than every weekend “Greens,”
other informal groups, and ordinary citizens took to the streets. They carried ban-
ners calling for a moratorium on construction of the ghastly GAST. They gathered
the signatures of more than 100,000 persons on petitions calling for GAST to be
mothballed. O. Samoilov, V. Kull, and B. Averbackh, the project engineers, explained
until they were blue in the face that the station was totally unlike a Chernobyl reac-
tor: it was self-regulating, self-circulating, self-cooling, and incapable of exploding.
GAST had a massive containment structure of reinforced concrete, capable of with-
standing an earthquake or a direct hit by a huge airplane. None of this calmed
Gorky residents. “The chance of a hypothetical accident at an AST,” said the chair-
man of the atomic energy commission, was “equal to those of a meteorite striking a
passerby on the head.” Fortunately, no engineer could think of an experiment to test
that contention. But in the face of Three Mile Island and Chernobyl, citizens were
not to be bought off.

Even after construction of the station had already consumed 200 million rub-
les, at least another 100 million rubles were needed to complete it. Its generation
costs, too, were higher than those of fossil fuel stations, although with less ecologi-
cal impact. Still, the rector of Gorky Engineering Construction Institute, V. Nai-
denko, pointed out that it would cost only fifteen million rubles to build a gas-fired
boiler just as powerful as GAST on the same site in a shorter time. In the face of
these convincing cost arguments, the authorities shockingly and secretly planned
instead to add another 500-megawatt nuclear boiler to the site.>” Soon thereafter,
the Iaroslavl division of the Committee for Saving the Volga succeeded in gaining
the support of local officials to kill an AST proposal for that town.’® Only one AST
operates today, the one at Voronezh; all others were canceled because of public
opposition.

Questions of siting and safety became more and more pronounced as the nu-
clear program advanced from electricity production to cogeneration and steam heat;
from small units to serially produced units larger than one gigawatt; and from sta-
tions somewhat distant to population centers to reactor parks at the city limits.
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Aleksandrov and Dollezhal had led the advance to the glorious nuclear future. Now
one of them suggested an alternative development strategy.

SOVIET NUCLEAR WORKERS BECOME ALIENATED FROM THEIR TECHNOLOGY

Even before Chernobyl, several officials in the Party science hierarchy expressed
concerns about nuclear power. Most surprising was the fact that in 1979 Nikolai
Dollezhal joined senior economist Iurii Koriakin in a prominent article in the Com-
munist Party’s theoretical journal, Kommunist, to question the entire path for the
commiercialization of nuclear power. Dollezhal had been in the industry since its
inception. There is no question that Koriakin, too, was a child of nuclear power.
Koriakin believed that breeder reactors should supplement an extensive network of
thermal reactors. He and his colleagues used mathematical models intended to de-
fine “the optimal structure of developing nuclear energetics at minimum expense”
to arrive at a fast breeder reactor future.>® Dollezhal and Koriakin promoted many
of the standard features of atomic-powered communism: mass production tech-
niques in design and construction of reactors; the deployment of nuclear boilers to
produce high-temperature, “technological” steam for chemical, metallurgical, gasifi-
cation, and other processes; and efforts to lower the labor costs of construction.®?

The article was right on the mark in many of its criticisms, the haphazard sit-
ing of reactor parks near population centers in particular. Dollezhal and Koriakin
noted the many achievements in the industry: the shortening time to bring larger
stations on line and the important role of nuclear energy in saving precious fossil
fuel resources. The RBMK, they acknowledged, had been conceived on the eve of
the nuclear era; and a mere twenty-five years later the first one million-kilowatt unit
had been built outside of Leningrad. Work was underway to develop units as large
as 2.4 million kilowatts. The RBMK was also distinguished by the fact that ordinary
machine building factories could produce its basic equipment in serial production.
Even though the PWR required special equipment, the construction of Atommash
wotuld make the VVER succumb to serial production and lower costs. The reactors
had been demonstrated to be not only increasingly powerful but also more reliable,
for, according to official data that now seem to have been exaggerated, the reactors
were on line much of the time. Physicists in the breeder reactor program had en-
countered more problems; these reactors would not become viable at least until the
turn of the century. But even so, uranium economics favored fission reactors for
some time to come.!

Still, Koriakin and Dollezhal worried about the fact that no one had recently
questioned the economic and technical assumptions on which the nuclear program
had been based. Uranium ores were increasingly lower grade, requiring more pro-
cessing and enrichment, and creating vast quantities of low- and high-level radioac-
tive waste. The authors wrote: “The problem of the external fuel cycle and radioac-
tive wastes has become the main problem of nuclear energetics, and not only from
an economic and scientific technical, but also from a social point of view.” There
was no guarantee that fuel cycle technologies would continue to operate as planned.
In fact, they had become increasingly costly to maintain and had created significant
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environmental problems. Dollezhal and Koriakin admitted that the chance of an
accident from nuclear waste transport was small, but with growing quantities of
waste and the need to remove it from stations by railway and other forms of trans-
port, the likelihood had grown. Expenditures for handling and safety had to be
increased.

Furthermore, virtually all reactors were sited in the European USSR, often at
the outskirts of major cities—Leningard, Kiev, Moscow—where sixty percent of the
nation’s inhabitants lived. The effort to develop a tourist industry, build rest areas,
parks, and homes, and expand nature preserves in the same region of the country
simultaneously made little sense from the point of view of safety and aesthetics. In
addition, nuclear reactors were land-use intensive. Not only was the site itself mas-
sive, but the cooling ponds for reactor parks of 4,000 megawatts required at least
twenty square kilometers. If officials indeed planned to build another fifty or sixty
parks (1), these facilities would consume a huge amount of land better suited for
agricultural, recreational, and other purposes. There was only one solution:

The most radical and apparently the most rational from a series of points of
view is the proposal to unify in the future newly constructed AES in huge
nuclear energy complexes. Such energy complexes, created at some distance
from populated regions, will contain at one site not only a great number of
stations with a power of several dozens of millions of kilowatts, but also
enterprises and the facilities for the external fuel cycle (radiochemical
reprocessing of nuclear fuel, processing, and storage, and perhaps peaceful
utilization of radioactive wastes, manufacture of nuclear fuel, and also
internal specialized transport of nuclear materials).

We may be stunned at the suggestion that dozens of 1,000-megawatt reactors
be built at all, let alone be located in one “park.” And we may wonder whence the
billions of rubles to build these parks. But Dollezhal and Koriakin had no doubt that
this was the path of the future. The “rational and efficient organization of the indus-
try” would facilitate the development of thermal and breeder reactor technology.
Siting reactors in regions with vast tracks of open land and copious amounts of
water—most likely western Siberia—that were not appropriate for agricultural pur-
poses was merely common sense, they concluded. Furthermore, the creation of
these nuclear fortresses would power the Siberian rivers diversion project, provid-
ing the 20 million kilowatts of electrical energy needed to pump 100 cubic kilome-
ters of water annually from Siberia to the European USSR.5? Nuclear energy took,
but gaveth back.

NUCLEAR POWER ENGINEERING ON THE EVE OF CHERNOBYL

Atomic-powered communism enabled the USSR to move rapidly from experimen-
tal small power reactors to massive units that dwarfed human scale. Even if located
in “parks,” there was something inhuman and unnatural about these reactors. But
Andronets Petrosiants, the chairman of the State Committee for Atomic Energy in
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the Brezhnev era, had a comfortable explanation. He referred to the sense among
some engineers that the Obninsk station, small and relatively simple, was an
anachronism compared to the 1,000-megawatt monster now being built. Petrosiants
pointed out that, having shown humankind the path to the peaceful assimilation of
nuclear power, the 5,000-kilowatt reactor was a kind of “Columbus.”®® The ques-
tion is whether Chernobyl therefore was a kind of Henry Hudson—bold, coura-
geous, but doomed.

Several factors explain the success of nuclear energetics in the Soviet Union
until Chernobyl. One was the cultural foundation for big science and technology in
the postwar USSR. The second was the force of personalities who carried great
weight within the scientific establishment, an establishment itself of nearly omni-
scient influence. These mighty personalities included Igor Kurchatov, Nikolai Dol-
lezhal, and, above all, Anatolii Aleksandrov, whose authority extended far beyond
the nuclear enterprise to the highest reaches of the Party apparatus. Given these fac-
tors, physicists were able to dismiss, overlook, or overcome any obstacles to rapid
commercialization of nuclear power. The obstacles centered on issues of availabil-
ity of fossil fuels, cost, and safety.

Only nuclear energy could save the cities in the European part of the USSR
from a growing shortfall of electrical energy and from the tens of millions of tons of
ash, sulfur and nitrogen compounds that annually rained down from fossil fuel sta-
tions. Nuclear power stations were springing up near the biggest cities, irrespective
of population densities and the presence of historical artifacts. Many of the first-
generation stations served as “schools” for personnel for other stations. Army and
navy personnel, some of whom had engineering degrees, moved from Beloiarsk and
Novovoronezh to Gorky, Smolensk, Kalinin, Balakova, and Rostov (especially if
they had no families), in search of higher pay and technological challenges.®* The
leaders had become complacent, or else they firmly believed that the technology was
safe. As it spread and was built with standard components, the only major require-
ment was well-trained personnel, a requirement met by the establishment of a new
training center for the thousands of specialists needed in the control rooms of the
huge reactor parks.®® By the end of the century, channel-graphite reactors at two,
three, even more gigawatts might be built. Standardization of construction required
significant expansion of a specialized nuclear industry. But atomic heating, desali-
nation, and electric power production, all near population centers, supported the
self-fulfilling prophecy that nuclear energy was clean and safe.5¢

Nuclear power reached its zenith at the twenty-fifth congress of the Commu-
nist Party in 1975. Aleksei Kosygin praised the achievements in the area of energy
machine building, especially atomic, with the manufacture of 1,000-megawatt reac-
tors and soon the construction of 1,500-megawatt units, plus the serial production
of turbines and generators capable of producing 500, 800, 1,000, and 1,200 mega-
watts, at Elektrosila, the Kharkiv Turbine Factory, and elsewhere. By 1980, the
country would produce 1,380 billion kilowatt-hours of electrical energy, bringing on
line in the next five year plan 70 gigawatts of capacity, including 13 to 15 gigawatts
of atomic power. Construction had commenced in reactor parks ranging from
Lithuania to the Urals, and from Leningrad to South Ukraine. P. S. Neporozhnii, the
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minister of electrification, modestly reminded the assembled delegates at the con-
gress of the great steps since the first public works projects of the 1930s to the mag-
nificent parks of reactors.®” At a November 1979 plenary meeting of the Central
Committee, Leonid Brezhnev, taking note of the Leningrad, Chernobyl, Kursk, and
Armenia stations, called for acceleration of nuclear construction. He said, “It is nec-
essary . . . to develop atomic energetics more rapidly. This is not only for production
of electrical energy, but to meet needs for heat energy—here there are entirely ap-
preciable reserves, and this matter is quite feasible. In future plans the accelerated
construction of atomic electrical stations with fast reactors and expansion of work
on controlled thermonuclear synthesis should be indicated.”58

Publicly at least, through 1984 there was high reason for optimism. The plants
operated safely even in severe climatic conditions and, according to official statis-
tics, operated at higher than international levels, and in some cases nearly 100 per-
cent of the time. Yet even before Chernobyl, there was reason for concern. Reactors
had to be shut down more frequently than planned for the following reasons: equip-
ment repair in the first loop, fifteen to twenty percent; turbines, twenty-five to
thirty percent; electrical and control equipment, thirty-five to forty-five percent; and
auxiliary equipment, fifteen to twenty percent. In fifteen to twenty percent of the
cases, personnel were at fault. According to unreliable official statistics, there was
an average of two dozen incidents annually resulting in power outages that led, in
1981, for example, to two percent underfulfillment of nuclear energy plans.®® Like
Brezhnev himself, the nuclear energy program had entered its twilight period. Con-
struction had slipped far behind schedule at every reactor park, from Novovoronezh
to Beloiarsk, and from Erevan, Armenia to the Kola peninsula.”” And Atommash,
the atomic machinery factory, had yet to produce a single unit. Because electricity
was the key to communism, there must have been real concern among policy mak-
ers and ideologues for Soviet power. The Chernobyl disaster left no doubt about the
Potemkin park in which engineers had built their two score power reactors.



Nuclear Breeders:
Technolosical Determinism

“Fast” reactors belong to the future. The Phoenixes of
the twentieth century will bring the masses invaluable benefit.
——Minister of Electrification P. S. Neporozhnii

Enrico Fermi proclaimed, “The country which first develops breeder reactors
will have a competitive advantage in atomic energy.” Hans Bethe concurred: “Fast
reactors are essential to future atomic power.” Neither anticipated the tremendous
technical obstacles to commercialization of breeder reactors, nor the disaster that
befell the namesake of one of these Nobel laureates, the Enrico Fermi fast breeder
reactor.! In October 1966, not far from the center of Detroit, the Enrico Fermi
melted down. Most of the people living in the area were not aware that Detroit Edi-
son had built Enrico Fermi, let alone that the Atomic Energy Commission (AEC)
permitted a reactor type at such an early stage of development to be deployed in the
nation’s fifth largest city.

The AEC endorsed construction of the Enrico Fermi even though its advisory
committee on reactor safeguards determined that there was “insufficient informa-
tion available . . . to give assurance that the . . . reactor can be operated at this site
without public hazard.” They knew that the EBR-1, the United States’s first exper-
imental breeder reactor, had suffered a partial core meltdown in 1955. The AEC
issued a construction permit anyway, but faced legal battles because several Detroit
unions opposed the project. In 1961, however, the United States Supreme Court
ruled that the AEC had the right to issue construction permits for reactors with
“unresolved safety problems.” The Enrico Fermi generated electricity for only a
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few months before its meltdown. After repairs, the reactor began to operate again
in 1970, but at low power as a research facility. In late 1972, Detroit Edison an-
nounced that it would dismantle the reactor.?

Soviet physicists were not patient either. No sooner had they built their first
experimental reactor, the F-1, in 1946 than they embarked on the design and con-
struction of plutonium production reactors. They knew that it would be far easier
to build nuclear weapons from plutonium than from uranium and that plutonium
could be produced relatively inexpensively by transmuting nonfissile 238U into fis-
sile 239Pu in a breeder reactor. Simultaneous with the stockpiling of plutonium for
military purposes, an extensive “peaceful” program for the design of breeder reac-
tors began. It was peaceful only on paper, because physicists knew from the start
that any separation between military and peaceful uses of plutonium is arbitrary
and temporary. Proliferation of weapons-grade nuclear fuel in breeder reactors can
only have a destabilizing impact on international relations. President Jimmy Carter
recognized this fact and acted on it. He put an end to the United States’s effort to
commercialize breeder reactors, canceling the Clinch River, Tennessee, commercial
prototype breeder reactor project. It had taken government officials a decade to rec-
ognize the folly of the Enrico Fermi.

France, Japan, and the Soviet Union—none with any great success—were
determined to build breeders no matter what their long-term environmental and pro-
liferation costs might be, nor how many technological obstacles to their safe opera-
tion might exist. In Japan, sodium fires and leaks of radioactivity from the site of
that country’s major breeder reactor in the mid-1990s shook the nuclear industry
as no previous crisis has. The French program experienced severe technical prob-
lems in its breeder program, but no crisis of will. No less aggressively than they had
pushed forward with pressurized-water technology, Soviet physicists pursued com-
mercialization of breeder reactor technology. The Soviet Union was much less con-
cerned about plutonium proliferation than the United States was. The assumption
of Soviet leaders and scientists was that the stringent political and economic con-
trols characteristic of the Soviet system would prevent terrorists from acquiring
plutonium and that their participation in the Nonproliferation Treaty indicated
their intention to prohibit the spread of nuclear materials. Yet they simultaneously
announced their desire to expand their nuclear trade throughout the world and
to sell not only “slow” fission but breeder reactors to Eastern Europe. There was
some debate among Soviet physicists about selling breeder technology, but East
Europeans greatly desired to acquire it; and the Germans, Czechs, and Slovaks parti-
cipated directly in its development. According to some estimates, the civilian power
reactors of the USSR, Eastern Europe, and Finland would produce 11,000 kilograms
of plutonium annually by 1990, raising the specter of Soviet-induced proliferation
beyond its borders. The Soviets remained suspicious of the United States antibreeder
anti-plutonium-economy nuclear energy policies, attributing American concern to
an attempt to protect a projected lead in marketing advanced fuel cycle systems.3

The Soviet breeder program commenced in 1948 under the direction of Alek-
sandr Ilich Leipunskii, an able physicist who managed to escape the Stalinist purges,
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although he was arrested in 1938. As a Jew and an international traveler, he was
doubly suspect. But Leipunskii never lost faith in the ability of the Soviet system to
support breeder reactors, a complex technology involving several nascent industries
that he nearly single-handedly pushed from infancy to commercialization. (The
technology has yet to be perfected and may never achieve widespread application.)
Leipunskii brooked no obstacles, moving from small experimental reactors in the
1950s to small prototypes in the 1960s, and immediately to the construction of in-
dustrial prototypes in the 1970s. These prototypes included the BN-350, a mam-
moth machine on the shores of the Caspian Sea that produced both desalinated
water and electricity for a burgeoning petrochemical industry, and the BN-600 and
BN-800, two units intended to be the templates for a network of serially produced
1,600-megawatts electric breeder reactors.

The history of the breeder reactor program illustrates the major ingredients for
the growth of the Soviet cult of the atom and for science in general. First, a strong
personality must direct a given program, because the political, economic, and per-
sonal obstacles to scientific success would overwhelm most individuals. It was sim-
ply safer to learn one’s physics, sit quietly through classes and exams, forget the im-
portance of Marxism-Leninism for physics soon after you had passed the exams,
strive to be the best within the limits of rote learning, accept any assignment, per-
haps join the Komsomol as a young adult and the Communist Party later if asked,
but avoid ideology and politics, except insofar as one believed in the superiority of
the Soviet social system and its science. For breeder reactors, Aleksandr Leipunskii
was such an individual.

Second, a firm institutional basis had to exist. Normally, an institute would be
formed to answer a specific goal established by the scientific elite, to reward a scien-
tist after his election to the Academy of Sciences, or to meet a pressing economic or
national security need. At first, such an institute might be granted first pick of the
most talented recent college graduates. The promise of new apartments (often yet to
be built), slightly higher salaries, and relative academic freedom served as incentives
to attract the graduates. Young and unspoiled either by success or by the inertia of
the Soviet system, they formed a critical mass of excited minds willing to push their
new field, and their institute, to the limits of contemporary knowledge. The insti-
tute itself would have a small physical plant and a complex apparatus yet to be built
or delivered. In this setting, the scientists would have an intimate atmosphere to
hash out difficult theoretical questions, unbothered by concerns about experimen-
tal apparatus that might require great ingenuity to get operating properly, because
there is no hardware store to speak of. Once the typical Soviet institute grew to over
1,000 employees and more, this intimacy and excitement often gave way to ennui—
what might be called rote experimentation. The thrill and frustration of equipping
the institute and of getting cyclotrons, Van de Graaf accelerators, and experimental
reactors to operate as intended had passed. In all these ways, the Physics Engineer-
ing Institute in Obninsk was a paradigm of Soviet institute formation.

A finely tuned breeder reactor promises to double its nuclear fuel—pluto-
nium—after about fifteen years of operation, thereby permitting the stoking of
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another breeder reactor. Breeder reactors would provide additional nuclear fuel
after uranium ore reserves disappeared into the first generations of conventional
thermal reactors, would offer a use for uranium tailings, and would breed pluto-
nium, in theory both for military and for civilian purposes. The fuel in the first gen-
eration of breeders consists of a fertile blanket of uranium, perhaps some spent fuel
from thermal reactors, and some plutonium. Breeder reactor advocates stress the
utility of their engines for electrical energy production, not for producing pluto-
nium for weapons. They emphasize the environmental safety of breeders in con-
trast with fossil fuel power generation, with its tons of ash, particulate, and green-
house gases. They worry about the decline in known reserves of both uranium ore
and fossil fuels.

Soviet physicists embarked on an ambitious program in pursuit of an industrial
prototype. When Mikhail Gorbachev left office in 1991, they had blueprints in hand
and the foundation ready for a massive 1,600-megawatt breeder as the prototype for
a network of these machines. In the intervening years, they had experienced several
disasters—pipes ruptured, turbines failed, sodium coolant spilled and caught fire—
and political disappointments—fossil fuel, fusion, and thermal reactor programs
garnered by far the greatest share of resources. Yet the physicists remained certain
that they could overcome the scientific uncertainties, safety risks, and political chal-
lenges associated with bringing a network of industrial-scale breeder reactors on
line by the year 2020. Under the able leadership of scientists such as Oleg Kazach-
kovskii, Mikhail Troianov, Aleksei Kochetkov, Vladimir Orlov, and patriarch Alek-
sandr Leipunskii, they remained convinced of the safety and efficacy of breeders
until their program disintegrated with the breakup of the USSR. The plutonium is
still safe, but many worry it will find a way beyond Russian borders into the hands
of terrorists.

ALEKSANDR LEIPUNSKII: BREEDER OF BREEDER REACTORS

Aleksandr Ilich Leipunskii directed the program from its first days in 1948 until his
death in 1972. He was a good scientist and a capable administrator. Leipunskii was
a socialist patriot. He believed strongly that the science of the twentieth century
would, with good leadership, become the technology of the twentieth century. Sim-
ilarly, he saw science as crucial to industrial development. Leipunskii lacked arro-
gance and pretense. He was calm, somewhat ironic, affable, and always democratic
in relations with staff members and students. He played and worked very hard. His
loves included bike riding, mountain climbing, and skiing. He played some tennis to
keep his wife, Antonina Prikhotko, a well-known Ukrainian physicist, happy, for
she loved to play and was often short of partners.* In spite of his love of sport,
Leipunskii also smoked constantly, like many of his colleagues, until his first major
heart attack in 1955. In those years in the nuclear establishment, they all worked
late at night and smoked to stay awake. Leipunskii preferred the papirosy (card-
board-tipped cigarettes) and wrote notes to himself on the box so that when a meet-
ing was held he remembered his agenda. He often called meetings that started at
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midnight and ran until three. He worked long hours, rarely took vacations, and
when he did, or when forced to a sanitarium for rest, brought his briefcase with
him. After his heart attacks, he increased his exercise until he was able to take a
brisk ten-kilometer walk daily—and those who wished to conduct business had to
keep Leipunskii’s pace. Eventually, there was a line of people waiting to walk with
him to talk business. Leipunskii told his brother, “I'll quit work when they carry me
out feet first.”> He did—and they did, after the last of many heart attacks. Leipun-
skii’s authority held sway over all of the groups—theoretical, engineering, con-
struction—involved in breeders, so much so that the credit for the early success of
the program falls to him. However, the failures—long lead times, accidents, cost
overruns—also occurred under his watch.

Aleksandr Leipunskii lived through the major formative events of Soviet his-
tory. Born at the turn of the century, he saw firsthand two world wars, a revolution
and civil war, famine in Ukraine, and the other evils of Stalinism. A Jew, he toler-
ated official and unofficial anti-Semitism, yet rose to the top of his profession. A
member of the Komsomol from 1924, and of the Communist Party from 1930 until
his expulsion in 1937, he survived arrest during the Great Terror and welcomed the
de-Stalinization Thaw initiated by Khrushchev. A representative of the Leningrad
school of physicists led by Abram Ioffe, he believed that science should be an inter-
national institution and therefore studied abroad. He supported the rapid spread of
research institutes throughout the Soviet empire, in part taking from the Western
experience. A first-rate scholar, he was at the center of nuclear physics at the Phys-
ical Technical Institute in Kharkiv, Ukraine, when it commanded international
authority in the field.

Leipunskii was born on December 7, 1903, in the small village of Dragli in the
Sokolsk region, the first of six children. After leaving military service, his father
worked as a foreman on highway construction, a job that required the family to
move from project to project, and place to place; eventually, they settled in Belostok.
His mother was a homemaker. In 1914, Leipunskii’s aunt died, and his parents
adopted her four children. Life was difficult with all those mouths to feed, especially
because his father was only seasonally employed. Perhaps because of his father’s fre-
quent absences, Leipunskii took the role of man of the house. This experience may
explain both his early maturity and his later leadership skills as laboratory and insti-
tute director.

When a German zeppelin appeared overhead during World War I and bombed
Belostok, the Leipunskii family moved to Iaroslavl on the Volga River. In 1918, at
the age of fifteen, Leipunskii found work in a chemical factory in Rybinsk, a town
firmly within the cultural sphere of St. Petersburg. Showing a keen interest in mod-
ern science, he studied in an evening mechanical technical school. The local author-
ities recognized him as something of a talent and sent him to the newly opened
physics mechanics department of St. Petersburg (soon Leningrad) Polytechnical
Institute. Here he fell into the “cradle of Soviet physics” and the school of Abram
Ioffe. From the start, he loved physics. He enjoyed conducting experiments, espe-
cially those involving some risk. Once he was hospitalized after receiving too much
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radiation, perhaps while conducting an experiment in X-ray crystallography. This
experience may have prepared him for the dangers of breeder research. At the Poly-
technical Institute, his first results were in the area of inelastic interactions of
atoms. Leipunskii graduated from the Polytechnical Institute in 1926 and moved
across the street to the Leningrad Physical Technical Institute. His first research
there focused on the processes of elementary atomic interactions. He studied energy
transfer by excited atoms and molecules due to free electrons. He was rewarded for
his devotion and mastery of his subject with a fifteen-day trip to Berlin in 1928,
which he spent listening to the lectures of Max Planck, Otto Hahn, and Werner
Heisenberg.

In 1930, Ioffe informed Leipunskii of his transfer to Kharkiv to serve as deputy
director and later director of the newly established Ukrainian Physical Technical
Institute (UFTI). Until the Great Terror decimated the institute, it was the place to
be for nuclear physics in the Soviet Union. Its library was the pride of the institute’s
researchers. Leipunskii personally attended to it, ensuring that it was well orga-
nized and well managed. Young theoreticians like Aleksandr Akhiezer and Lev
Rozenkevich hit the library as soon as the doors opened in the morning and stayed
until late at night. Each faculty member at Leipunskii’s institute had a key and
could get into the library at all hours. Leipunskii strove to avoid the bureaucracy,
secrecy, and identification cards that were becoming central to Soviet life. And his
leadership provided an environment in which theoretical physics experienced a
great flowering under Lev Landau and Aleksandr Akhiezer.

Leipunskii managed to survive incarceration during the Stalinist terror. An
eighteen-month trip to Cambridge, England in 1934, on the instructions of the Com-
missariat of Heavy Industry to work in the laboratory of Ernest Rutherford, con-
tributed to his fascination with experimental atomic and nuclear physics. The Cam-
bridge trip, like his earlier visit to Berlin, contributed to the authorities’ concerns
that within Leipunskii might lurk a Western agent. In 1935, he was elected as a full
member of the Ukrainian Academy of Sciences. Leipunskii experimentally proved
the existence of the neutrino by measuring the nuclear energy of recoil in beta decay
(1936). Over the next few years, he turned to investigations of the interaction of fast
neutrons with matter, which led to a series of publications in leading Soviet scien-
tific journals. He was one of the main organizers and the first editor of Physikalische
Zeitschrift der Sowjet Union (1933-1938), a German language journal out of Khar-
kiv intended to make the research of Soviet physicists more accessible to the West-
ern audience and secure the priority of their discoveries. Despite his responsibilities
as administrator and editor, Leipunskii also managed to lecture on nuclear physics
in the physics-mathematics department of Kharkiv State University, a major source
of personnel for the growing institute located only a few miles away.

The challenges of securing materials from the Commissariat of Heavy Industry
(Narkomtiazhprom) remained in the forefront of the attention of Leipunskii and
other UFTI directors. Even if the institute opened with a grand celebration of its
new machinery, workshops, and glass blowing equipment, its experimental facilities
always lagged behind the needs of the scientists. How Soviet nuclear physics man-
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aged to achieve as much as it did before the Nazi invasion, building Van de Graaff
accelerators and cyclotrons seemingly out of air and scraps, is a fascinating story of
ingenuity, determination, luck, and learning how to play the game with a ministry
more concerned with industrial production than with scientific results.® Indeed, the
Kharkiv physicists often failed to get Narkomtiazhprom to respond with any thing
other than glacial speed. So they played their one really major success for all it was
worth, sending a telegram to Comrade Stalin to announce that Leipunskii, Sinel-
nikov, A. K. Valter, and G. D. Latyshev had artificially split a lithium atom. Stalin
seems not to have noticed, and funding remained tight.

Leipunskii’s own research involved atomic structure and nuclear physics. He
participated in experiments to observe the neutrino. After Vladimir Veksler in 1944
discovered the principle behind the phase stability of particles, Leipunskii suggested
the idea of a building a ring proton accelerator—the synchrotron, as later named
by Veksler—on this principle. Indeed, Leipunskii was given the task of developing
a 1.5-gigaelectronvolt accelerator to which Obninsk- and Moscow-based physi-
cists such as A. L. Mints contributed. The accelerator program saw rapid initial suc-
cesses, and construction began on the UPK-1.5 at Obninsk, but in its place, only a
0.5-megaelectronvolt experimental model was built. Because Veksler was working
in the Lebedev Physics Institute on a 1-gigaelectronvolt synchrotron, it was decided
to combine the two efforts under Veksler’s leadership at Dubna, where a 10-giga-
electronvolt ring accelerator was built. A large number of the Obninsk high-energy
physicists then moved to Dubna.”

As a member of the second generation of the Ioffe school, Leipunskii knew per-
sonally and worked with all the leading figures of the atomic age whose stories are
told in this book: Igor Kurchatov, Anatolii Aleksandrov, Abram Alikhanov, and Kir-
ill Sinelnikov. These connections did not prevent Leipunskii from falling victim to
the purges. In October 1937, Leipunskii was expelled from the Communist Party,
for “aiding and abetting an enemy of the people,” and removed as director of UFTL.
As the purges grew, it was only a matter of time before Leipunskii was arrested.
Leipunskii was one of the lucky few; he managed to survive eight months of con-
stant interrogation. The NKVD (Commissariat of Internal Affairs) released him
in June 1938 without any apology except the statement that this is “the end of the
matter.” Leipunskii was allowed to resume research, eventually rising to the posi-
tion of director of the breeder reactor program, “Hero of Socialist Labor,” and Lenin
prize laureate.?

Upon his return to the institute, Leipunskii became head of the radiation labo-
ratory. During the war, he served as chairman of the Ukrainian Scientific-Industrial
Committee for the Assistance of Defense but was evacuated ahead of the German
advance to Ufa with other physicists and whatever could be loaded onto trains in
short order. The Kharkiv regional Communist Party organization readmitted him
in 1946, although local party organizations had urged his reinstatement from 1939
onward; his renewed Party membership paved the way for Leipunskii to work on
the atomic bomb project. From 1944 through 1949, Leipunskii was director of the
Institute of Physics in Kiev. He often traveled to Moscow to serve as a consultant to
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Kurchatov’s laboratory 2 and to head a small experimental group in laboratory 3,
where physicists measured the cross section of neutron capture in uranium-238
and thorium-232. In Moscow, Leipunskii rejoined the pulse of Soviet physics. In
research, seminars, and pedagogical work, he stood next to Kurchatov, Artsimovich,
Kikoin, and others. Leading scientists, especially those associated with the bomb
project, believed that the usual norms of Soviet behavior did not apply entirely to
them. Under the protection of an atomic umbrella, they met informally. Leipunskii
conducted seminars in the sticky, hot summer of 1948, with lecturers and students
alike sitting in the waters of the Protva River. This was not unlike the informal
atmosphere for Nikolai Timofeeff-Ressovsky’s summer laboratory in Miassovo in
the Urals in the 1950s, where geneticists heard about recent developments in their
field before the fall of Lysenko.?

Early in his tenure as director of the Institute of Physics, Leipunskii established
the experimental foundations for breeder reactors. Through 1948, Leipunskii con-
ducted a series of investigations employing chain fast-neutron reactions to convert
“nuclear ore” (238U or 2%2Th) into “nuclear fuel” (33Pu or 233U). These experiments
moved to laboratory “V,” designated by its post office box number 276, in Obninsk.
The Obninsk laboratory was a crucial experimental facility in the Soviet nuclear
arsenal. Renamed the Physics Engineering Institute in the mid-1950s, it was home
to the 5,000-kilowatt reactor, the ARBUS land-based portable reactor, and the So-
viet breeder reactor program. At the institute, Leipunskii conducted investigations
in nuclear physics, reactor physics, heat engineering, the technology of liquid met-
als, and nuclear material science. He was the initiator and founder of sodium
coolant technologies. And he was the central figure behind the institute’s expansion
from nuclear physics to other areas of research. Of course, these areas—hydrody-
namics, heat engineering, and so on—all had something to do with nuclear reactors
because Leipunskii had a feel for what to do when setting forth designs, establish-
ing constants, or selecting materials—for example, for the active zone of a reactor.
And even when his intuition failed, he was never off by much.

Before the scientists arrived in January 1948, Obninsk was a small, beautiful,
quiet village. The elite such as Kazachkovskii and Leipunskii got three-room cot-
tages. But life was still hard. The electricity was turned off from ten at night until
six in the morning, and all day on Sunday. Plumbing had been installed but the
water was not running, so tanks of water were brought in. The scientists heated the
cottages with woodstoves, and split the wood themselves. Many had gardens, fowl,
and a few farm animals. A radio was a luxury. Most used packing crates as furni-
ture. There was one tea service that made its way around town on successive Satur-
day nights from one social Saturday to the next.

Obninsk residents included three categories of prisoners: Germans conquered
by the Soviets and removed to Obninsk, unfortunate Soviet citizens who had fallen
behind German lines and were considered tainted, and various Gulag inmates. They
all associated freely for quite a while. Within the fences, secrecy didn’t exist, as Ger-
man “colleagues” and the Soviet scientists spoke freely about science, about reac-
tors, about uranium. One idea gave way to another without pause. No one wanted
to sleep. Leipunskii was deputy in charge of the German scientists, and he often
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wore a military uniform, especially when he went to Moscow on business. But after
a few “unexpected encounters” and the resulting pregnancies among German-Russ-
ian pairs, the slogan “Death to German Occupiers!” returned in full force. Germans
were isolated in the south wing of the main building where they worked mostly on
reactor physics.©

Leipunskii also had a pedagogical career of note. He was the organizer and de-
partment chair of reactor physics at the Moscow Mechanical Institute. This did not
make life easy on his domestic life, for he had an apartment in Moscow, a house in
Obninsk, and a wife and daughter who lived in Kiev. He applied the principles of
his own matriculation at Leningrad Polytechnical Institute, which was intended
to train scientists capable of pushing recent advances directly into production. The
principles included teaching engineers the same amount of physics and mathemat-
ics as physicists were taught; involving faculty on the cutting edge of science (in this
case, Kurchatov, Artsimovich, Tamm, Leontovich, Pomeranchuk, Kikoin, and Lei-
punskii himself); and personal contact with students. Leipunskii encouraged demo-
cratic relations among students and faculty; the students often dined at their pro-
fessors’ houses. It’s hard to understand how students had time to socialize with
faculty, however. They had fifty hours of weekly instruction (the Soviet norm being
an already excessive thirty-six hours).!! One wonders whether they had time to eat,
let alone sleep.

Moscow Mechanical Institute became Moscow Institute of Physics and Tech-
nology, the legendary “MIFL,” the reputed Soviet MIT, whose first graduates in-
cluded one future Nobel laureate, N. G. Basov, and dozens of future leaders of the
cult of the atom. Leipunskii taught in the Obninsk branch of MIFI. Other persons
who passed through Obninsk included Gurii Marchuk, later head of the Siberian
Division of the Academy of Sciences and then the president of the Soviet Academy.
Leipunskii’s teaching at MIFI included a course on nuclear reactors whose start was
delayed when Leipunskii was injured in a skiing accident in the Caucasus. When
he commenced lectures a few weeks into the semester—in a heavy cast—the stu-
dents immediately considered him one of theirs. To catch up, Leipunskii’s course
initially ran four to six hours per day.'? By the late 1960s, when nuclear physics had
become well established, MIFI became a factory for students in the way that Elek-
trosila was a factory for magnets or Atommash a factory for reactors.'®

The initial success of the Obninsk institute, like Soviet institutes generally, in
the 1950s occurred when the institute was geographically small scale, when the crit-
ical mass of good young minds could meet easily, and frequently did, in the corridors
of the one building, the “main” building. Of course, not every advance occurred
without tension. The relations between the director of the Physics Enginecring
Institute, Dmitrii Blokhintsev, and Leipunskii were based on mutual respect, even
when Leipunskii expressed misgivings about the Obninsk effort to build the world’s
first power reactor, which took resources away from his small group of breeder spe-
cialists. However, the deputy director, A. K. Krasin, openly expressed his enmity to
Leipunskii; and their relations grew worse when Krasin was appointed director.
Krasin left Obninsk some years later, when he was fired.'* Leipunskii died on Sep-
tember 14, 1972, just before his most recent achievement, the BN-350, the world’s
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most powerful breeder reactor at the time, came into service.!> Despite his devotion
to the Soviet cause, after 1934 the authorities never let him travel abroad.

BREEDER REACTORS AS SELF-AUGMENTING TECHNOLOGY

The breeder physicists employed the same approach to the development of reactor
technology that their fission reactor counterparts used. First, they hoped to design
a prototype fuel rod whose efficiency and reliability would enable them to employ
it in advanced reactors simply by making modest improvements rather than radical
design changes. Second, they believed that the same “prototype approach” would
work for critical components such as fuel rods, compressors, pumps, and heat
exchangers, which they tested on critical stands and experimental reactors. Again,
they hoped to use these components in industrial reactors with only minimal
changes. Third, they dealt with issues of worker and environmental safety almost
as an afterthought. They believed that the experimental reactors would operate
within design parameters; they did not anticipate severe accidents and therefore
provided adequate, but not fail-safe biological shielding and containment. Yet each
experimental device raised a new series of technological challenges. The physicists
overcame many of them, to be sure, but quickly pressed on toward commercializa-
tion of breeder technology even when they encountered difficulties.

Breeder technology appeared to be self-augmenting and autonomous. To func-
tion properly, it required the creation of two other extensive, expensive, and dan-
gerous technologies and the industries to support them. The tasks that confronted
the physicists were complex, if not insurmountable, but they had no choice in the
matter. First, the high concentration—enrichment—of fuel in the core required
high fuel burn-up rates to keep the total cost of fuel and the loss of fuel during chem-
ical processing as low as possible. A new fissile fuel processing industry with signi-
ficant capital costs and health and environmental risks had to be built. Second, the
concentration of fuel in the active zone had a very high energy density, requiring
the development of heat transfer technology of a new kind. This technology would
have to be able to handle liquid metal coolants, because water and organic liquids
were inappropriate both as a moderator of fast neutrons and as a heat transfer me-
dium. The physicists had to design systems to keep water and sodium from coming
into contact, because that mixture was explosive. The creation of liquid metal tech-
nology on an industrial scale was the only solution.

Breeder proponents never doubted their eventual success. Hence, they were
guilty of technological enthusiasm. The nature of Soviet science and politics also
contributed to the self-augmenting nature of breeder technology. The United States
abandoned the Clinch River Breeder Reactor and breeders in general in the late
1970s, while the Soviet Union, France, and Japan just forged ahead. This contrast-
ing behavior suggests that a centralized political and scientific culture contributes to
the technological momentum of large-scale, state-supported projects, a suggestion
that is almost a tautology.

The United States pursued commercialization of breeder power until the late
1970s. The motivations behind this effort were to lessen reliance on oil imports and
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to ensure sufficient quantities of nuclear fuel after the (prematurely) predicted
depletion of uranium ore reserves. The first United States breeder, Clementine, oper-
ated at Los Alamos National Laboratory from March 1946 until December 1953. Its
output was 100 kilowatts thermal, later upgraded to 250 kilowatts. It had a mercury
coolant and a plutonium core. Physicists at Argonne National Laboratory then built
the Experimental Breeder Reactor 1 (EBR-1) at the AEC Reactor Testing Station in
Idaho Falls, Idaho and shut down Clementine. EBR-1 operated for a dozen years,
through 1963, with an output of 1,200 kilowatts thermal. It suffered a major mishap
in 1955, with a meltdown. EBR-1’s successor, EBR-2 eventually served as the main-
stay of the United States program. EBR-2 should also have served as an indication
of troubles to follow. Construction began in May 1957, and physicists projected
criticality in June 1959. But supply and construction delays put off criticality until
November 1963. Then, after coming on line, leaks and other malfunctions inter-
rupted research several times—but the physicists learned a great deal about reactor
materials and fuels.!6

Officials in the AEC determined by 1960 to embark on an extensive program
to develop a liquid metal fast breeder reactor. The program involved industry, na-
tional laboratories, and the AEC. In this program, United States physicists built
several small breeder reactors, including zero power units; Lampre at Los Alamos;
and SEFOR, the Southwest Experimental Fast Oxide Reactor, a joint United States-
Federal Republic of Germany endeavor built by General Electric and Southwestern
Electric. Gulf General Atomic of General Dynamics, under contract with the AEC,
began designing a 1,000-megawatts electric gas-cooled fast reactor in the mid-1960s.
Thorium and uranium fuels entered the pantheon of possibilities. The Fluid Fuel
Research program at Brookhaven National Laboratory and the Molten Salt and
Aqueous Homogeneous Reactors at Oak Ridge were involved. Babcock and Wilcox,
Westinghouse, Atomics International, and General Electric joined in. The AEC pro-
vided funding for a fast flux test facility (FFTF) as the prototype. This plant was a
400-megawatts thermal high flux fast reactor facility designed to develop fuels and
materials and located at Hanford Engineering Development Laboratory. The AEC
envisioned demonstration plants by the late 1970s, specifically the 375-megawatts
electric Clinch River (Tennessee) Breeder Reactor, scheduled for completion by the
1980s, and several 1,000-megawatts electric breeders some years later. The FFTF
and Clinch River facility were waylaid by construction delays, limited alternatives,
and cost overruns in the hundreds of millions of dollars.!”

Similar delays, high costs, and proliferation concerns, which resulted in the
cancellation of the United States breeder program, did not deter Leipunskii and his
colleagues. Their cause was helped by the fact that the development of breeder tech-
nology was linked to the fortunes of Kurchatov Institute physicists and thereby to
its leadership, in the form of Anatolii Aleksandrov. He had his mind on plutonium,
too—in the RBMK reactor. So long as he kept nuclear power on the Brezhnev
administration agenda, the breeder program grew, even when the USSR embarked
on the costly construction of dozens of 1,000-megawatts electric fission reactors in
the late 1970s.
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Oleg Dmitrievich Kazachkovskii was Leipunskii’s right-hand man in the devel-
opment of these technologies and later director of the Scientific Research Institute
of Atomic Reactors where the BOR-60, the last Soviet experimental breeder reactor,
was built.'$ Kazachkovskii joined Leipunskii’s team at the end of 1949. He made his
way to the Physics Engineering Institute from Dnepropetrovsk State University
and Dnepropetrovsk Physical Technical Institute. His career was interrupted by ser-
vice in World War II, for which he was heavily decorated. At the front in southern
Ukraine, he was wounded and hospitalized; he recovered and returned to the front.

Kazachkovskii, one of only several score individuals who passed Lev Landau’s
“theoretical minimum” examination, decided to leave physical chemistry, his work
on crystallization, and his university mentor Vitalii Danilov for nuclear physics af-
ter hearing about Nagasaki and Hiroshima. Danilov urged him to meet with Lei-
punskii, so Kazachkovskii did, in Leipunskii’s room in the Moscow Hotel in 1946.
Kazachkovskii expected a stern, distant personage. The first question was about
how much he knew about nuclear physics. Kazachkovskii answered honestly, “very
little.” Leipunskii was impressed with his honesty and accepted him on the basis
of his general physics knowledge. Leipunskii had grown interested in measuring
the inelastic scattering of fast neutrons from working in Alikhanov’s laboratory 3,
a subject on which Kazachkovskii was put to work. By 1947, they were ready to
move to Obninsk, a place even more secret than laboratories 2 and 3, where Leipun-
skii finally explained in great detail to Kazachkovskii his view of a crucial task, the
problem of plutonium-breeding fast reactors.!?

At first, Kazachkovskii studied injection of particles into accelerators. He then
focused on the determination of the basic nuclear parameters for fast reactors
and was involved in the creation of the first Soviet fast reactors—the BR-1, BR-2,
BR-5, BFS-1, and BFS-2—on which he based his doctoral dissertation (1958). In
1960, Leipunskii, Kazachkovskii, and the others received a Lenin prize for their
breeder research. From 1964 to 1973, Kazachkovskii was the director of the Research
Institute of Atomic Reactors, where the focus was reactor physics, material science,
reactor components, and reactor technology. After Leipunskii’s death, he became
director of the Physics Engineering Institute and the main force behind Soviet
breeders.20

It was a joy for Kazachkovskii to work with Leipunskii in the early days. “AIL,”
as he was known, carried great authority and was able to push the breeder reactor
program despite political or technical obstacles. Most important, AIL possessed deep
understanding—as well as an intuitive sense—of a number of fields of science and
technology. He had sent a proposal to the government asking that the breeder be
designated a priority, with all of the rights and privileges of access to machinery,
equipment, isotopes, and personnel. Initially, Kazachkovskii was skeptical of the
chances for success, for the safety and reliability of even the much simpler power
reactors remained unproved. And then there was the problem of the poverty of
the postwar Soviet Union, which needed to invest in virtually every sector of the
economy. On the other hand, nuclear programs of any sort always seemed to get
funding. The scientific challenge convinced Kazachkovskii to join the breeder
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program as AIUs deputy. He attended the second Geneva conference, where he
met his American breeder counterparts and complemented them on the Enrico
Fermi project.?!

The political obstacles to breeder development were many. The program com-
menced under strict secrecy, like any other nuclear problem. This constraint led
to all kinds of curiosities and confusion that were applied in speech and documents
alike. For reactor, the Soviet scientists had to use the word “forge”; instead of neu-
tron, they wrote “meteorite”; and fast neutrons were “shooting stars.” Of course,
the typists weren’t allowed to know what this all meant, a further constraint that
made corrections a chore. The physicists weren’t allowed to read published litera-
ture on nuclear science and technology on the subway or bus. Foreign journals were
stamped “Top Secret.” When someone gave a talk among other persons with secu-
rity clearance, he still lowered his voice to a near whisper when saying “neutron”
or “reactor.” Leipunskii was one of a handful of physicists who pushed the Soviet
Union to participate more actively in the International Atomic Energy Agency
(IAEA), a participation that eventually led to an exchange of information and the
breakdown of the Soviet system of controls. From their IAEA colleagues they
learned that France, England, and the United States had breeder programs similar
to theirs.??

EXPERIMENTAL PHOENIXES

Having conducted extensive calculations that indicated the possibility of breeding,
AIL and his colleagues set out to establish a firm experimental basis for the push
to industrial applications. They built a series of increasingly large and more com-
plex breeders, experimenting with different fuels and coolants. The BR-1, with a
concentrated active zone that centained 12 kilograms of plutonium, was their mai-
den voyage. In getting the BR-1 on line, they were lucky to work with Efim Pavlo-
vich Slavskii, the first director of Cheliabinsk-40. Slavskii and Leipunskii had a good
relationship. Leipunskii believed that Slavskii was a smart man and a straight arrow.
Slavskii was an outstanding organizer and first-rate engineer and was sensible
enough to support the seemingly far-fetched ideas of scientists. Understanding the
importance of the BR-1, Slavskii didn’t complain about plutonium taken from still
modest stockpiles for scientific rather than military tasks. And a year later, Slavskii
authorized release of roughly the same amount for the BR-2. Leipunskii’s group
worried about the possibility that the plutonium would be wasted, because there
was not one reactor builder among them. Should they invite someone who had
worked with chain reactions to help them in this matter? They decided not to act
in ignorance, but to think carefully and slowly through each step. In 1952-1953, the
physicists carried out a series of calculations to estimate the heat transfer and neu-
tron-capturing capabilities of a series of coolants—sodium, sodium-potassium, lead-
bismuth, helium—with the assumption that the power of a prototype reactor would
be about 500 megawatts thermal. All the coolants seemed acceptable, although he-
lium required high pressure, which would be dangerous if pressure were lost in an
accident. Lead-bismuth was then rejected because its corrosiveness was higher than
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those established as core parameters. Sodium-potassium did not require preheating
of the coolant loop as sodium alone did. But sodium possessed better heat capac-
ity characteristics, and hence less of it was required. Sodium was the choice. This
early decision enabled the physicists to concentrate on the other significant techni-
cal problems more intently and to wrestle with the thermo- and hydrodynamics of
sodium coolant.?

The BR-1 was a “dry” reactor, a zero power critical assembly without coolant.
They encountered only modest difficulties in getting it to operate. It achieved criti-
cality in May 1955. As a powerful source of fast neutrons, the BR-1 turned out to
be useful for a wider range of experiments than anticipated, so it was kept in oper-
ation for a longer time than planned.?* To gain experience with an experimental
breeder reactor, Leipunskii and Kazachkovskii then designed the 100-kilowatt
BR-2. The physicists did everything associated with the BR-2 themselves, because
engineers were not yet prepared to assist them. This approach set the standard for
breeder reactors and established patterns for the nuclear industry generally: Scien-
tists armed with a firm background in nuclear physics pushed experimental and
prototype technologies rapidly into the engineering stage, then turned them over to
engineers, trained in narrow specialties, whose goal was to meet production, but not
necessarily, other standards. This system was an impediment to innovation, be-
cause few of the engineers truly understood the physics behind a prototype, and to
safety, because the engineers assumed they were working with a proven technology.

In the BR-2, the Soviet physicists made one decision that seemed to challenge
their conviction that sodium was the coolant of choice—the BR-2 employed metal-
lic plutonium fuel and liquid mercury coolant. However, mercury would not work
in industrial reactors. It had a very high cross section of neutron capture, which
lowered the breeding coefficient, and it had a noticeable corrosive effect. It did not
require any special pumps or heat transfer devices, as sodium would. The coolant
moved through the active zone from the top down, a flow that permitted design of
a relatively simple and reliable heat removal schema.

Reactivity was controlled by moving parts of a reflector, which, in such a small
reactor, was quite acceptable. But on this and other early reactors, they noticed sig-
nificant fluctuations in reactivity. They eventually found that some fluctuation
occurred because the reactivity control cylinder was not firmly affixed and could
experience some “nonsanctioned” movement. One small fluctuation was connected
with an earthquake in Bucharest in 1977, which was only three on the Richter
scale; this event should have suggested to other specialists that the siting of reactors
near active faults was a grave error. (Of course, Armenian and Californian reactors
that were built on faults didn’t employ this kind of reflecior device, nor did the
planned Crimean reactor. But even avoidance of mechanical reflectors does not jus-
tify their construction in seismically active regions.)

On the BR-2 experimental reactor, the Leipunskii group grappled with the
development of fuel rod technology. A. A. Bochvar oversaw design of all fuel rods
for fast reactors at his Research Institute of Inorganic Materials; Igor Golovin de-
signed them for the BR-1 and BR-2. The length of operation of fuel rods in fast re-
actors was determined, not by the loss of reactivity (as usually occurs in power
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reactors), but by the loss of mechanical strength due to radiation and heat damage.
The development of fuel rods with high burn up was therefore a major challenge
facing physicists as they strove to make breeders economically competitive with
thermal reactors. The 108 plutonium and uranium fuel rods of the BR-2 were 10
millimeters in diameter and 130 millimeters long. They consisted of thick-walled
hermetic stainless steel pipes secured in a long stainless steel shaft. The coolant was
liquid mercury, which filled seventeen percent of the active zone. A rotary pump
with a capacity of six cubic meters per hour circulated the liquid mercury through
the active zone to a water-cooled heat exchanger. In the event of a pump failure, nat-
ural circulation of the mercury coolant guaranteed a cut in power to twenty kilo-
watts. The reactor employed a neutron reflector consisting of a layer of uranium
and copper. Operators controlled reactivity through the motion of a fifteen-mil-
limeter metallic cylinder that enveloped the core from the outside. During emer-
gencies, the cylinder dropped freely, without the chance of jamming, to cover the
core and slow multiplication of neutrons. Several other devices made of copper and
nickel also served as control mechanisms. These devices were lowered into the reac-
tor around the active zone, thereby cutting reactivity more than five percent. Bio-
logical shielding consisted of a 500-millimeter layer of water, a 400-millimeter layer
of cast iron, and a 1,200-millimeter layer of heavy concrete. The reactor had a series
of vertical and horizontal experimental channels exposed to various neutron ener-
gies, depending on their orientation to the active zone, through which physical,
material science, and other experiments were carried out. Mainly, experiments
included defining and fixing physical constants necessary for design of energy fast
reactors and measurement of the capture energy of fast neutrons.?

There was one serious accident with the BR-2. Mercury entered the loop of the
discharge tank, significantly increasing the internal gas pressure. The physicists ini-
tially decided that the increase was not major and that they should lower the liquid
level in the tank through the lower edge of the fence pipe. This action produced a
powerful hydroshock, releasing mercury and mercury fumes into several reactor
systems and the hall. They later determined that they had not taken into account
the possibility that the gas bubble that burst into the loop would increase in volume
so quickly as it rose and passed into areas of lower hydrostatic pressure. It was de-
cided in the future not to put the coolant under great pressure, but to pump it con-
tinuously. The reactor also had another problem—a small positive void coefficient
of reactivity (both Doppler and configurational) that raised the prospect of instabil-
ity at low power. Nevertheless, start-up always proceeded without a hitch.?6

For a few months, reactor operation was stable. Then suddenly they noticed
that it was losing reactivity; and the more it lost, the more rapidly reactivity fell.
They could not detect any configurational change. They began to worry that a seri-
ous accident was about to occur. They examined the mercury with a probe and
noticed alpha radioactivity. It turned out that in the lower part of the fuel rods, at
the hottest point, a large number of fissures had appeared and the plutonium was
leaking out. Because of the low operating temperatures, the physicists had not antic-
ipated that this problem would arise. It was a real blow to their confidence. They



Nuclear Breeders: Technological Determinism 63 i

had no choice but to shut down the reactor and then consider what to do next.
Their next decision might now appear to be rash, but it was to be expected, given
the environment of heady successes and ample resources in which they had oper-
ated up to this time. They decided to build a more powerful experimental reactor,
one using sodium, with parameters approximating those in an industrial prototype:
a maximum density of heat removal in the active zone of 500 kilowatts per liter and
temperatures of the sodium reaching 450°-500°C. The resulting five-megawatt
reactor logically received the name BR-5 (it was later reconstructed as the BR-10).

The BR-5, which resembled the BR-2, was located in a modest building next to
the renowned 5,000-kilowatt power reactor and was built on the site of the BR-2,
saving time and money in construction. In the BR-5, control of reactivity was facil-
itated by the movement of parts of the reflector, which were suspended on cables
from the outside of the reactor vessel. The Soviet physicists realized that this ar-
rangement was risky, especially because of the limited experience with sodium tech-
nology and because of the decision to use plutonium oxide fuel rods (because of
their higher working temperature). Even so, they moved on to the construction of
the reactor with only limited testing on physical stands. Making matters worse,
when they disassembled the BR-2, mercury leaked into the air in concentrations
that far exceeded even lax Soviet norms. Ultimately, they had to cover the walls of
the reactor building with thick layers of paint to prevent mercury poisoning among
the workers. Despite all this, the BR-5 commenced operation without coolant in the
summer of 1958 and achieved criticality when fully loaded with sodium in January
1959.27 For their honorable labors, Leipunskii, Kazachkovskii, I. I. Bondarenko, and
L. N. Usachev received Lenin prizes in 1960.%8

The physicists were especially pleased with how well the plutonium oxide fuels
functioned. There were eighty fuel assemblies in the core. A nickel cylinder-reflector
regulated neutron activity: If you moved it up just a bit, neutrons began to fly about.
The cylinder was surrounded by concrete four meters thick. The fuel rods were de-
signed for two percent burn up, reached four percent by June 1961, and ultimately
achieved seven percent. Because of the greater compactness and heat conductivity
of monocarbide fuels in comparison with oxide fuels, they loaded the BR-5 in May
1965 with an enriched uranium-235 monocarbide core, and by March 1, 1967, had
achieved burn up of two percent.

Leipunskii and Kazachkovskii concluded after several years of operation that
the BR-5 proved that liquid sodium technology had been assimilated on a fairly large
scale, that sodium was better than mercury in many of its properties, especially with
respect to the greater corrosiveness of mercury, and facilitated repair of heat ex-
change equipment without requiring full shut down of the apparatus by allowing
the sodium at the point of repair to solidify. Calculations showed that the reactor
was stable, with a negative reactivity coefficient. During transition phases of oper-
ation, however, there were “very short periods” with a positive power coefficient;
but physicists dismissed this concern by saying that “the temperature coefficient
of reactivity in and of itself does not exert a significant effect on the stability of
the reactor.” They were pleased that there had been no case of “overirradiation” of
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personnel, despite the fact that workers and physicists had had to work with radio-
active sodium during repairs.?? At least mercury vapor was no longer a hazard. The
fact that such a small reactor produced 5,000 kilowatts led Kazachkovskii to calcu-
late that a breeder with an active zone of one cubic meter might produce one mil-
lion kilowatts.3°

The BR-5 also demonstrated success in handling sodium, especially when aus-
tenites of steel (special steels high in carbon) were used and “cold traps” were em-
ployed to clean the sodium of any oxides to prevent corrosion. Five cubic meters of
liquid sodium with a temperature of approximately 500°C was pushed through the
active zone at 250 cubic meters per hour.?! Leipunskii concluded that reliable equip-
ment for sodium technology—pumps, heat exchangers, measuring instruments, and
so on—gave them confidence in handling even sodium that was contaminated with
radioactivity when fuel rods developed fissures or cracked. Still, the circulating
pumps were unreliable and the source of frequent stoppages—in all, there were
forty-five stoppages to repair pumps, although twenty-five of the stoppages occurred
in the early days of operation between 1959 and 1961. Indeed, as is clear from offi-
cial data, only in the second and third years, were physicists able to operate the BR-
5 more that seventy-five percent of the time; and for three years running, not once
did they achieve full-power operation (see Appendix, Table 8). As with the BR-2,
damage of the BR-5 fuel rods occurred. The physicists became worried when they
observed radioactive fission products in the coolant. Would it be necessary to moth-
ball the reactor? Locate and remove the defective fuel rods? But the damage turned
out to be much less than that in the BR-2, and the fuel rods essentially remained
intact. From September 1961 through March 1962, they shut down the reactor to
repair damage caused by leakage of fuel into the coolant and equipment of the first
loop. Another long down time, from December 1964 until May 1965, involved the
shift to monocarbide fuel rods. At least they managed to tackle the change of pumps
on the first loop in fifteen to twenty days and on the second loop within a week.??

Most of the heat of the BR-5 was released into the atmosphere, but they put an
experimental steam generator on one of the two heat exchange loops. To avoid the
accidental interaction of water with sodium, they utilized doubled piping with a
thin layer of mercury between the two layers. The steam generator turned out to be
complex, bulky, and not very reliable. Frequently, fissures developed in the pipes,
often because of corrosion caused by the mercury. They were engaged in constant
repairs, eventually having to disassemble the unit. But even though the steam gen-
erator experience turned out unhappily, the breeder specialists did not change their
strategy and were confident of creating reliable steam generators in the future. At
the very least, the Soviets had more experience in handling sodium and sodium
tainted with radioactive fission products and in the cleanup of sodium systems (re-
moval of fission products) than any other country in the world.??

Once the publicity of the Geneva conferences enabled them to speak openly of
the BR-5, its creators, Aleksandr Leipunskii and Oleg Kazachkovskii, described the
technical challenges of breeder reactors in measured, yet confident tones, making
light of the challenges of high temperatures, radioactivity, the dangers of handling
liquid sodium, and the problems with the fuel rods. They were sure that commer-
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cialization was around the corner.?* The reactor sat in a huge hall served by a con-
trol room filled with red lights and bells that would signal even the slightest rise in
radiation levels. The fact that the BR-5 was sited in Obninsk, a city like any other
Soviet city, with broad thoroughfares and squares and stately pine trees reaching
toward the top of ubiquitous multistory apartment buildings, confirmed its safety.
Obninsk had become a mecca for foreign scientists, too, even though it was closed
to the ordinary Soviet citizen. Delegations from over seventy countries visited Ob-
ninsk between 1954 and 1962.%°

Kazachkovskii, Leipunskii, and their colleagues now sought to produce data
demonstrating the economic advantages of breeder technology so that they could
move toward the next stage—construction of industrial prototypes. Research on the
nuclear physical, chemical, metallurgical, and technological characteristics of fuels
and components gave the physicists hope on economic grounds, even though they
were bothered by certain physical phenomena such as brittleness and swelling of
the steel fuel casings during exposure to high radiation. They developed austenite
stainless steels that had sufficiently high mechanical strength and retarded—but did
not prevent—swelling and break down; and they achieved burn: up to ten percent,
with working temperatures up to 700°C.3% On the technical side, they had indeed
made progress; but the economic calculations on which breeder physicists based
their optimistic projections were tainted by uncertainties regarding the cost of nu-
clear fuels, the nature of the fuel cycle, and the absence of industrial experience.
When they claimed that breeders were cost effective, they meant that only their the-
oretical calculations indicated that short doubling times could be achieved. The con-
centration of the fissile material in the active zone of a fast reactor has to be signif-
icantly higher than that in thermal reactors to produce roughly equivalent amounts
of electrical energy. So, to keep fuel costs as low as possible, they needed to improve
fuel fabrication and increase burn up with better fuels. They believed that pyro-
chemical and electrochemical methods of fuel processing would permit abandon-
ment of the messier, more dangerous hydrochemical methods largely in use; but
these methods were unproven. Simply put, fuel costs could be lowered for fast reac-
tors if the fuels were produced by electrochemical and other simple, but environ-
mentally dangerous methods.3”

In this environment of technical challenges and economic uncertainties,
Leipunskii decided simultaneously to rejuvenate the experimental reactor program
and to build an industrial prototype. The former project involved the reconstruction
of the BR-5 into the BR-10 (that is, into a 10,000-kilowatt reactor). Although still
relatively small in size, the BR-10 was important because it helped breeder engineers
learn how to deal with fuel cycle problems, cracks in the cladding of the fuel rods,
the presence of radioisotopes and various oxides in the coolant, and the replacement
of components while the reactor was on line. They carried out material studies on
structural, fissionable, and absorbing materials that were irradiated in the active
zone and the channels of the nickel reflector. Because for a large percentage of the
time they operated the reactor with defective fuel rods, the first loop became con-
taminated with radioactive cesium, tritium, and iodine, which were removed pri-
marily in cold traps. The reactor usually operated at 6,000 kilowatts. Physicists
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undertook extensive testing of a solid plutonium oxide fuel element at a burn up
level of nine percent. After they changed the reactor vessel, they examined twenty
pieces of piping from the first loop and were encouraged by the discovery that a thin
film of sodium had formed and was fifty percent harder than the metal piping itself,
while the metal largely retained its mechanical strength (see Appendix, Table 9).38

By the mid-1960s, breeder specialists had accumulated years of operating expe-
rience and reams of data with the British DFR, the Soviet BR-5, and the United
States EBR-2 and Enrico Fermi. The BOR-60 would soon come on line in Dmitrov-
grad, the FARRET (forty megawatts) and SEFOR (twenty megawatts) in the United
States, and the Rhapsodie (twenty megawatts) in France. Whereas American and
British scientists had chosen to work with metallic uranium fuel that had an alloy
cladding of molybdenum, zirconium, niobium, and other metals (zircalloy), the Sovi-
ets worked with plutonium oxide fuels. The French, American, German and even
the Swiss and Belgian scientists had begun designing industrial prototypes that had
maximum powers up to 1,000 megawatts but a median of 300 to 500 megawatts and
used a liquid sodium coolant at 600° to 650°C. For Soviet physicists, the next step
was an experimental reactor that also produced electrical energy. Engineers iden-
tified several options—for example, a twenty-five-megawatt unit (the BR-25) or a
fifty-megawatt unit (the BN-50)—before settling on the BN-350, part reactor, part
desalinator of water. Leipunskii supported this breakneck program without reser-
vation; he hated to spin his wheels. He and his associates did not anticipate that
fourteen difficult years would pass before the BN-350 came on line.3?

A July 1964 visit to Detroit and the subsequent Enrico Fermi disaster in 1966
served as an important lesson to Leipunskii. He recognized that he had skipped a
necessary stage, prematurely wishing to build an industrial fast reactor before the
construction of yet one more prototype. Kazachkovskii visited Detroit in 1965, giv-
ing a talk on the BN-350 that excited great interest among the Americans. So the
breeder physicists decided to jump-start the BN-350, building at the same time a
large experimental reactor, the BOR-60 (sixty megawatts). The facilities at the Phy-
sics Engineering Institute were becoming overburdened. Hence, another institute,
the Lenin Research Institute of Atomic Reactors in Melekess (later Dmitrovgrad),
Ulianovsk Province, was plugged into the effort; Kazachkovskii was chosen to be the
director of the new institute, where he remained until becoming director of Obninsk
in 1983.

Kazachkovskii didn’t relish the idea of going to Melekess, where he would have
to abandon science for administration. To make matters worse, construction of the
BOR-60 was held up by new officials in Minsredmash, who didn’t understand its
importance. Kazachkovskii and Leipunskii attended a meeting of the collegium of
the ministry, where Petrosiants presented the project; Slavskii postponed any deci-
sion, leading Kazachkovskii to lose hope. But a few days later, Slavskii gave approval
to go ahead, apparently after a Central Committee meeting and Brezhnev’s personal
approval. Still, for unclear reasons, the Melekess City Party Committee chairman
tried to have Kazachkovskii removed from his post. The next challenge for Kazach-
kovskii was to mediate hard feelings between supporters of the Moscow (Kurchatov
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Institute) and the Ural (Cheliabinsk) type of reactors—between scientific and mili-
tary designs—and still maintain a creative atmosphere for all his colleagues. The
BOR-60 was built in four years, over the objections of officials who were concerned
with cost cutting and had tried to halt construction when reactor vessel construc-
tion was well underway. It required a letter from the Soviet Union’s leading nuclear
physicists, including Bochvar, Aleksandrov, and Leipunskii, to end an eighteen-
month stoppage.*0

The BOR-60 achieved critical operation with liquid sodium coolant in Decem-
ber 1969 and has operated more or less continuously ever since. The BOR-60 pro-
vided crucial experience and information for the BN-350 and BN-600. The physi-
cists who designed the BOR-60 with its own fuel reprocessing facility had three
research tasks in mind: assimilation of sodium technology; far-ranging studies of the
physics, hydraulics, transitional and emergency periods of operation, and radiation
conditions; and testing of various fuel rods, absorbers, and construction materials
to exposure to sodium at high temperature. Physicists irradiated various materials,
fuel compositions (especially oxides and, later, carbides), and cladding in one of four
horizontal and eight vertical experimental channels in the active zone. Their tests
on fuel rods enabled them to estimate the reliability of industrial fuel rods for the
BN-350 and the rod’s resistance to deformation and brittleness. They developed a
closed fuel cycle with chemical processing that did not use water. They built a small
“industrial” facility with electrochemical and fluoride technology to reprocess irra-
diated fuel and developed an automated method of producing fuel rods to ensure
worker safety.

The initial blueprints indicated an operating temperature of 800°C, but this
temperature would have destroyed the cladding. A sodium temperature of 650°C
was also too high, because the factories could not manufacture steel that was suffi-
ciently heat resistant within cost and other constraints. Therefore, the physicists
established 550°C as the best temperature, although it meant lower efficiency. Most
important, they used the BOR-60 to develop new coiled steam generators with the
appropriate heat engineering characteristics so that the reactor could operate as an
electric power station. Unfortunately, these tests did not indicate the many kinds of
outages that they would later experience on the BN-350 and BN-600.4!

Although no outage, planned or otherwise, exceeded fifty days, the BOR-60 still
indicated the problems and challenges that faced Leipunskii and Kazachkovskii in
commercializing breeder power. During start-up, they experienced a series of insta-
bilities as a result of faulty control and safety systems. There were faulty welds; and
some of the measurements deviated significantly from planned tolerances. Next, the
physicists introduced argon into the piping and tested welds through nonferrous
and gamma spectroscopy. They used austenite steel in much of the sodium technol-
ogy—Dbecause of its greater strength under high-radiation conditions. Finally, they
filled the reactor with sodium and ran critical tests, reaching a power level of five
megawatts with sodium at 350°C in December 1969. The sodium seemed to circu-
late well, although one of the lines of the first loop experienced a powerful hydraulic
shock wave as a result of the oscillation of a check valve in a second line. Repeated
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operator errors also shook their confidence during start-up. In March 1970, the
power was raised to twenty megawatts, with the sodium temperature at 400°C; and
by August, the power level had reached forty-seven megawatts.*?

Physicists also used experiments on the BOR-60 to allay concerns about the
safety of breeder reactors generally. The stability of fuel rods and personnel safety
during repairs were the primary concerns. During operation of the reactor, which
reached a maximum burn up of 10.7 percent, the cladding of some fuel rods, which
reached a maximum temperature of 700°C, failed and radioactive isotopes includ-
ing xenon and krypton were released.*3 No more than one percent of the fuel rods
actually failed, but any failure of this type was a significant problem because the
high radioactivity and chemical activity of the sodium coolant might be hazardous
to personnel carrying out maintenance and repairs. So the physicists designed a
safety sleeve weighing several tons to ensure hermeticization during repairs. Yet
even during minor repairs, a large number of the personnel were exposed to radioac-
tivity. For most repairs, much of the dose occurred, not surprisingly, to the hands
rather than the body. Not more than two to three percent of personnel received
more than 1.5 to 5 ber. The average dose was 0.3 to 0.5 ber per year. For replace-
ment of cables, armatures, and other work in the first loop, however, the collective
dose on personnel was 100 to 500 ber. The physicists therefore concluded that in
some cases such work could be carried out only after draining or cleaning the
coolant, and in others, only after deactivation. They established that in many cases
cooling the sodium to its solid form enabled them to remove entire components
without difficulty and that repairs could be conducted safely on breeder reactors
even when the coolant was tainted by radioactivity or products of corrosion.*

THE SHEVCHENKO BREEDER REACTOR:
TECHNOLOGICAL AND URBAN MOMENTUM

Many of the breeder physicists were convinced that it was time to turn to an indus-
trial prototype, and 1,000 megawatts seemed like a good round number. Others
believed that it was too risky to build such a massive plant right away. If things
turned out badly and they had to shut it down, as they did the BR-2, they would lose
time, money, clout, and momentum. In any event, simultaneously with the BOR-60,
they set out to build the BN-350, with 1,000 megawatts thermal power. To minimize
risks, they decided to limit the physical parameters to those which had been mas-
tered on the BR-5 (temperatures up to 500°C and heat removal density up to 500
kilowatts per liter), to use similar fuel rods, and to test all components carefully on
physical stands. Slavskii proposed that the BN-350 be built on the Mangyshlak
peninsula, where both electricity and desalination demands existed.*> Another rea-
son for the selection of this Caspian Sea site, in addition to testing breeder and
desalinization technology in a sparsely populated area, was the presence of exten-
sive oil reserves.

Shevchenko itself was an empty expanse of parched land before it became a
town. In 1961, geologists discovered huge oil deposits on the Mangyshlak peninsula;
they referred to the area as “the peninsula of treasures.” Economic planners quickly
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authorized the construction of the New Uzen and Zhentybai petrochemical facto-
ries. The Caspian Mining Chemical Combine was created to mine and process ura-
nium ore. (In the 1990s, the Combine converted some of its military activities to
toothpaste manufacture based on local phosphorus mining.) They brought as much
water in tankers across the Caspian from the Caucasus mountains as they could.
Further development was limited by the absence of water, and only the Caspian
could provide more. Diesel desalinators produced 50,000 cubic meters an hour,
enough for 80,000 inhabitants and industry. The town fathers built gardens, boule-
vards, and a 550-acre park, but they could go no further without more water. That’s
where the BN-350 came in.*6

Shevchenko, now with more than 150,000 inhabitants, is no longer sparsely
populated, and the water finds use not only in the oil industry but also in a Las
Vegas-like array of water works. Shevchenko’s streets are lined with trees and flow-
ers, and fountains flow twenty-four hours a day. Like Las Vegas, this is an artificial
city built on a desert, requiring significant investment to make the environment
hospitable to human habitation. Each step in construction and influx in popula-
tion required more investment and greater interdependencies of man, machine, and
nature. Each step led to increased water use and environmental degradation.

To many persons, Shevchenko looked like a mirage. There were sand and ca-
mels and the endless sameness of the Mangyshlak steppe, then suddenly fountains,
lawns, lights, avenues, and homes. In the early 1970s, Shevchenko grew rapidly, like
Los Angeles, in this case facilitated not by canals built with billions of federal dol-
lars bringing water from California’s central valley, but by Caspian Sea water, desali-
nated by the BN-350 liquid metal fast breeder reactor. Completion of the reactor an-
nounced “the second stage of atomic energetics,” according to Soviet popularizers
of the station. Everything else had been “merely a prelude.” How quickly physicists
had raced from the Physics Engineering Institute to the Mangyshlak peninsula.
Dmitrii Sergeievich Iurchenko, the station’s first director, proudly explained to any-
one who would listen about fuel loading every two months, the accumulation of plu-
tonium in the active zone, the shipping of the fuel rods to separate the plutonium
from other isotopes for other “peaceful uses,” and the production of 120,000 tons
of fresh water daily from the Caspian for the petrochemical industry and the inhab-
itants of Shevchenko. They produced water at levels per inhabitant that rivaled those
of Kiev, Leningrad, and Moscow.*” Of course, this too was a mirage: The bulk of the
water went to the petrochemical industry, not to the consumer.

The desalination of water became a big business in the 1960s—and it was big
science, too. In October 1965, in Washington, DC, scientists gathered at the first
international symposium on the desalination of water. Soviet scientists, who along
with their colleagues examined economical, technical, and heat engineering ques-
tions related to desalination, presented twenty-one papers on the subject. Scientists
agreed there were two ways to go about the business: evaporation and repeated boil-
ing. Nuclear reactors were suited to both tasks. The question was how best to de-
sign a facility to produce electricity and distillate simultaneously. Of course, it is
difficult to choose between two uses, electricity and water, and hence to deter-
mine true costs. On the basis of analysis of the performance of the Beloiarsk,
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Novovoronezh, and planned Shevchenko facilities, physicists were convinced that a
dual-purpose breeder reactor was more economical than one producing only elec-
tricity. The physicists also recommended the small, portable ARBUS reactor, devel-
oped in Melekess, for simultaneous production of electrical energy and distillate. In
theory, a 70-megawatt ARBUS could produce 1,500 kilowatts of electricity and 505
tons per hour of distillate at only 42 kopeks per ton.

Because the ARBUS was designed for more limited uses in the far north, physi-
cists decided instead to build a breeder of intermediate size. Two problems faced
them: how to insure safe and efficient heat exchange and how to limit corrosion of
the desalinating apparatus. They believed they had already solved both problems,
the latter through extensive testing of stainless steels of various sorts on site in the
Caspian Sea. Beginning in October 1963, they tested a four-stage apparatus with a
capacity of 200 tons per hour. They tested another apparatus near Baku, Azer-
baidzhan, with a capacity of fifty metric tons per hour. They were set for the push
toward the BN-350 and the production of 120,000 tons per day of distilled water.
This water, although manufactured with nuclear power, was no different from any
other drinking water. The result would be 450 to 500 liters per person per day, an
amount about which inhabitants of many European cities can only dream. The
reactor itself was nothing unusual to the residents of Shevchenko; they saw it from
their apartments across the flat landscape. The cost of desalinated water would be
about $1.34 to $3.20 per 1,000 gallons U.S. equivalent, not cheap by any stretch but
better than thirst.48

The physicists proclaimed BN-350 a success, although continued reliance on
mixed oxide fuels and a series of mishaps, including a serious sodium fire, called
that evaluation into question. In any event, they doggedly pursued operation of the
BN-350, never allowing these difficulties to interfere. Even though the fuel elements
occasionally deformed under conditions of high temperature and neutron flux, and
did not produce breeding coefficients that might be achieved with future carbide,
nitride, and carbide-nitride or metallic fuels, they decided to stay with uranium
oxide fuels for the initial loading of the BN-350. Later they would switch to a mixed
fuel of uranium oxide and fifteen to twenty percent plutonium oxide. Using only
uranium oxide enabled them to avoid the danger of fouling unique untested equip-
ment with plutonium in the event of the appearance of defects in the new fuel rods;
plutonium contamination would make any repair work much more dangerous.
They also didn’t wish to lose time waiting for an industrial-scale plutonium fuel fab-
rication facility to be built. Industrial production of the highly toxic fuel required at
the very least the construction of novel robotic facilities to ensure worker safety.*

Before the BN-600 was designed, breeders were based on maximum utilization
of standard industrial (nonnuclear) design and manufacturing practices. Compo-
nents were isolated from one another so that the various component industries
could design and build components from performance specifications without space
limitations. Designers and construction trusts used more concrete and less steel in
building construction than was, for example, United States practice. American phy-
sicists who visited the BN-350 said plant arrangement was similar to conventional
USSR fossil-fueled plants. The reactor building was not airtight; it was just like any
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other mill building. Reliance for containment therefore fell on the fuel elements,
reactor vessel and plug, secondary containment, and biological shielding.>® Simi-
larly, they located power plants in any location that had high load demands and
enough water to cool the reactor. Town sites were developed conveniently for per-
sonal access, including housing for plant workers. Beloiarsk had 13,000 persons
within three kilometers of the BN-600; Melekess has more than 200,000 inhabi-
tants within five kilometers of the BOR-60 and VK-50; Shevchenko had almost one-
quarter of a million people within six kilometers of the BN-350.5!

The most crucial issues for the BN-350 concerned the selection of sodium
pumps and heat exchangers. As part of what they considered a conservative ap-
proach, they designed the BN-350 with six parallel and independent loops for heat
exchange; five were always in operation and one was held in reserve so that they
could carry out repairs at any time without lowering the reactor’s power. Unlike the
RBMK design, which allowed refueling during operation, the BN-350, like all breed-
ers, had to be shut down during refueling. In heat exchangers, which are multi-
tudinous modular units of small-dimension pipes, the sodium in the first loop is
cooled by the sodium in the second loop. The sodium in the second loop, the heat
exchange loop, heats water into steam in the steam generators of the third loop. The
sodium in the first loop enters the heat exchanger at one end at 500°C, and exits the
other end at 300°C. Nonradioactive sodium in the second loop enters the heat
exchanger at 273°C, and exits at 453°C. The heated sodium in the second loop pow-
ers steam generators capable of producing 276 tons of super-heated (435°C), high
pressure steam per hour.

The pumps for the BN-350 were based on those designed for the BR-5. In the
first loop, they circulate 3,220 cubic meters of sodium per hour and have exten-
sive biological shielding; in the second loop, they circulate 3,850 cubic meters per
hour and have no biological shielding. The Obninsk physicists designed intermedi-
ate heat exchangers, which they believed would be sufficiently reliable to preclude
the need for biological shielding. Each heat exchanger consisted of three indepen-
dent bundles of well over 300 U-shaped tubes with a diameter of twenty-eight mil-
limeters (approximately 1.125 inches) and wall thickness of two millimeters through
which the sodium of the second loop circulated. To prepare for possible accidents
that unfortunately turned into realities, the physicists conducted a series of experi-
ments on sodium-water interaction during “rupture” of the heat transfer tubes.
They concluded that rupture of one pipe would not lead to catastrophic rupture of
other tubes and pipes and a dreaded sodium fire.>?

The complexity of the components and fuel of the BN-350 slowed the comple-
tion of construction through 1971; and once construction was complete, the hookup
of various auxiliary systems added additional time, expense, and worry. These sys-
tems included a sodium-potassium cooling system for the cold traps of the first and
second loops, which cleansed the sodium coolant of fission products and oxidants;
a cooling system for “freezing” seals of the primary circuit plugs; electrical sodium-
heating systems, and a fire safety system. In the fall of 1972, they loaded approxi-
mately 700 cubic meters of sodium into the reactor. Then they subjected the steam
generators to stress to check their reliability and verified the integrity of what



i 72 Red Atom

seemed to be dozens of kilometers of sodium circuits (the circuits had a volume of
nearly 1,000 cubic meters). Welds had to be solid, seals tight. Then the circuits were
evacuated, heated and dried, and filled with nitrogen to prevent the sodium from
igniting spontaneously as it came in contact with oxygen in the air during load-
ing. Coolant loading was followed by hydraulic and vibration research, including
operating the pumps both at low speed and at rated speed (1,000 revolutions per
minute).

Preparation of the sodium coolant itself had not been perfected; it took six
months and required still more technical development. The scientists arranged for
production of the coolant at the nearby Chechikskii Factory. It was shipped in one-
cubic meter barrels in railway cars covered by a layer of argon. There were six elec-
tric “ovens” that enabled them to heat six containers simultaneously in preparation
for loading the reactor sodium circuits. But trace impurities still remained, until the
scientists finally figured out how to filter the sodium further.>?

In May 1973, the power of the BN-350 reached six percent, a level enabling the
physicists to check instrumentation, measure radiation fields, and verify coolant
natural circulation. Steam generation reached approximately 100 tons per hour,
and approximately 650 tons per hour of distillate for Shevchenko were produced.
When, on July 16, power reached twenty percent and steam production increased
to 300 tons per hour, the operators were able to switch one of the turbogenerators
into the local electrical grid. By the end of 1973, the plant had operated for about
six weeks at twenty to thirty percent power levels. They did not observe any leak-
age of fuel into the coolant; they had redesigned the cladding and increased fuel rod
diameter. At 720 megawatts power, the activity of ?*Na,!®3Xe, and other products of
fission remained within established limits. Cold traps operated as intended to en-
sure purity of the coolant. Desalination equipment also performed admirably. Start-
up, in other words, was not a defined moment of achievement of planned parame-
ters but an extended period of complex work and research leading to production of
steam.>* Leipunskii died before the BN-350 came on line. Party activists referred to
the BN-350 as “a new victory,” the “coming on experimental-industrial line of the
largest fast reactors in the world,” and a “confirmation of the directives of the Com-
munist Party.”

On the ten-year anniversary of its operation, the physicists considered the
Shevchenko facility proof of the promise of industrial-scale liquid metal sodium
breeder reactors. They concluded that it operated “in correspondence with norms
and laws which have been established for the work of atomic electrical stations in
our country” and called for the utilization of large power breeders in the near future
as an integral part of the country’s energy future.>> They could move ahead because
many of the personnel who ran the Soviet nuclear program were no longer the Kur-
chatov conscripts or their students. The chief engineer for the BN-350, A. E. Tim-
ofeev, and the director of the Mangyshlak Energy Factory, D. S. Iurchenko, both
worked in the Institute of Atomic Energy. Engineer V. V. Bubanov, a native Siber-
ian, graduated from Tomsk Polytechnical Institute, and A. Z. Zakirinov, a graduate
of Kazakh State University physics department, was deputy shift director. The
establishment scientists had every expectation that these young men would either
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move on to fill other new facilities or themselves train dozens of new specialists for
nuclear work.®

Owing to the relatively low pressure in the first sodium loop, in 1978 person-
nel carried out what they considered a rather “bold” experiment while the reactor
was operating at full power. They closed one of the loops, “froze” the sodium in it,
and replaced a part of a pump that had seized.>” The mindset of considering a nu-
clear reactor a simple machine on which one could conduct experiments may have
been bold; but, in fact, the process was risky because it involved checking out com-
ponents while the reactor was in operation. This mindset was a precursor to the
Chernobyl accident.

In reality, the operation of the BN-350 had been anything but simple. The
nuclear establishment downplayed the extensive problems with sodium pumps and
steam generators and the danger attending several serious sodium fires. In 1978,
there were four such unplanned shutdowns; in 1979, there were two; in 1980, only
one; and in 1981 and 1982, there was none. The operating personnel acknowledged
several leaks in steam generators, which allowed water to enter the sodium loop;
between ten and thirty kilograms of sodium spilled out between October 1973 and
February 1975, most of which remained “local.” By acknowledging that there also
had been “several smaller leakages of nonradioactive sodium that did not lead to
fires,” they admitted to a more serious accident later described in detail in a report
to the International Atomic Energy Agency in Vienna, Austria. This incident de-
stroyed steam generators, caused an explosion, and started a fire that burned for two
hours.? But, in the opinion of Kazachkovskii, “The factor of huge scale did not
present any unexpected events, unless one considers the unpleasantness with the
steam generators. At first, they frequently broke down. The repair of the steam
generators was a lengthy and time-consuming process, so the reserve loop really did
the job. Because of the insufficient reliability of the steam generators, it was even
necessary to limit the power of the reactor to seventy-five percent of its planned
capacity.”>®

INDUSTRIAL BREEDERS

Sodium fire or no, all of the prerequisites were in place for industrial breeder reac-
tors. Devoted leadership with unquestioned authority had the ear of policy makers
in industrial ministries connected with energy production and military applica-
tions. A modern industry based on self-augmenting technologies was in place. The
few accidents involving sodium and plutonium technology were not too cata-
strophic. An impending shortage of uranium ore seemed more crucial than a few
missteps. Nuclear engineers were dismayed by growing opposition to nuclear power
in the West and specifically by the Three Mile Island disaster in the United States
in 1981, for they believed it stained their reputations as well. But they remained
confident of the efficacy and safety of their designs and gratified that the govern-
ment would not permit public disaffection with nuclear power.

Breeder physicists decided that in order “not to waste time,” they would not
await the results of long-term operation of the BN-350 to determine the next stage
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of development; instead, they would move simultaneously to design a reactor with
more advanced heat parameters—“more appropriate, we hoped, for serial industrial
utilization,” Kazachkovskii said. This reactor, the BN-600, was built at Beloiarsk,
the birthplace of the industrial RBMK. Speedy construction was aided by the fact
that the BN-600 was built on the Beloiarsk site rather than in some deserted area,
because construction workers, equipment, and operating personnel were already in
place. It was by now common for economic planners and Party officials to seek out
huge projects to keep workers in massive construction organizations busy. In the
case of the BN-600, the trusts were Uralenergostroi, Tsentroenergomontazh, Elek-
trouralmontazh, and Uralenergoproisoliatsiia. They integrated these trusts in the
so-called workers’ relay. In reality, the workers’ relay was little more than constant
supervision by the Party’s minions of production of advanced components, and they
involved several scientific research institutes, design bureaus, and factories. Party
officials intended the relays to produce special equipment in a timely fashion. They
required the managers, engineers, and workers of the massive trusts to embrace
“socialist obligations” in every relay race and, in this case, to bring the BN-600 re-
actor on line on the eve of Lenin’s one hundred and tenth birthday anniversary in
April 1980.

The decision to build the BN-600 at Beloiarsk was not made casually. First, the
site in the Ural Mountains region remained far from population centers; in the case
of an accident, which they would never admit was a motivating concern, fewer per-
sons would be exposed to radiation. Second, the Ural region provided only eleven
percent of its own energy needs, so nuclear power was welcome. Third, the Sverd-
lovsk region had significant atomic machine building capacity. Fourth, the Party
apparatus in the Sverdlovsk region had been involved at all levels—regional, city,
and local—to ensure that loyal and hardworking communists were involved in that
industry. Its propaganda effort extended to the Beloiarsk site, which had fifteen
Party groups and twelve Party cells. This organization created a “school of builders
and operators of atomic power stations.” Hundreds and then thousands of workers
were involved in “workers’ relays,” first to pour concrete, and then to build special
equipment. Komsomol shock workers then joined the project.5°

When Kazachkovskii became director at Obninsk, he worried about the slow
progress made on the BN-600. He met with Boris Yeltsin, who at that time was the
first secretary of the Sverdlovsk regional Party committee, to explain the importance
of the problem and the need for help. Yeltsin immediately agreed, creating a special
operating group in the Party committee to coordinate efforts of Sverdlovsk con-
struction and industrial organizations; and Yeltsin himself periodically looked into
things. Just as scientists, indeed workers everywhere throughout the country, were
called in to help with the harvest on farms, Yeltsin now ordered local collective
farmers to the BN-600 site to help in construction.

At 600 megawatts electric (1,470 megawatts thermal), the BN-600 would be the
largest breeder reactor in the world. In both the BN-350 and BN-600, the physicists
employed enriched uranium, not plutonium fuel. They chose uranium because the
technology of uranium fuel elements was fully developed. Furthermore, if an acci-
dent occurred, it would be easier to deal with uranium than plutonium fuel rods in
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a cleanup. A number of technical improvements were also made: burn up was raised
from five to ten percent, the sodium temperature raised from 500° to 550°C; the
steam pressure, from 50 to 130 atmospheres. Accordingly, reactor efficiency grew
from thirty-five to forty-two percent; and the time between refuelings increased
from two to five months.%!

After visiting several breeder sites, United States physicists in 1970 character-
ized the Soviet program as “aggressive” both in the simultaneous construction of
large-scale units of different designs and the philosophy that any deficiencies in
design, fabrication, and technology would be “amenable to correction.” The Soviets
believed that accidents or failures would be highly unlikely. For example, not only
did they omit steel containment buildings, the Soviets also did not build meltdown
structures below the core, because a total loss of coolant, which would result in a
molten core, was not considered credible.52

With the BN-600, physicists moved away from conventional industrial practice
to components and designs specific to breeder technology. This shift required more
design effort and manufacturing skill, and demonstrated a national commitment
to liquid metal fast breeder reactors (LMFBRs) in the willingness to pay for major
retooling to fabricate fast reactor components on a commercial scale. The BN-600 en-
tered the construction phase at the end of 1968, with a workforce of 450 men pour-
ing 60,000 cubic meters of concrete. Because of uncertainties regarding the com-
ponent delivery dates, officials initially estimated completion between mid-1973 and
mid-1975. The BN-600 was sited next to two channel-type boiling-water reactors,
one at 100 megawatts electric, the other at 200 megawatts electric. Cooling for all
three units was provided by a man-made lake of ten square kilometers, which was
also used for recreational purposes.®?

The lengthy start-up operation for the BN-600 commenced in December 1978.
They started loading and purification of sodium in March 1979, electrically heating
the first and second loops and irrigating the pipes and equipment with water and
acid. They brought in 1,800 tons of sodium in special railway tankers of 25 cubic
meters capacity fitted with an electrical heating system to bring the temperature of
the sodium to 240°C; larger container size and preheating made transport and load-
ing much easier than it had been for the BN-350. The reactor vessel itself was gas
heated at a rate of 10° to 15°C per day over roughly two weeks, reaching a temper-
ature of 180° to 230°C to avoid thermal shock when liquid sodium was loaded in
December 1979. During this time, the turbogenerators were also tested and primed.
Assembly, testing, and heating of the steam generators took eight months.

The BN-600 was a complex way to boil water. It had three modular steam gen-
erators with a capacity of 660 tons per hour at 140 kilograms per cubic meter pres-
sure and 505°C, plus three turbogenerators each rated at 220 megawatts. Each
steam generator had twenty-four modular heat exchangers, each of which had eight
sections. Once again, this modular design made the reactor safer in the event of a
water leak into sodium, for a section could be closed off without affecting reactor
operation. The primary coolant circulated through three parallel loops, each equipped
with two heat exchangers and a submerged centrifugal circulating pump. The reac-
tor core consisted of 370 fuel subassemblies with uranium oxide fuel and 27 control
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rods: 2 automatic, 19 for temperature and power compensation, and 6 safety rods.
In December 1979, the physicists commenced loading the fuel elements. On Febru-
ary 26, 1980, after 215 elements of low enrichment and 44 elements of high enrich-
ment had been installed, the reactor reached criticality. On April 2, the power of the
reactor raised to 0.5 percent of nominal. Four days later, when it was clear that all
systems functioned properly, they raised power to the five percent level, and two
days later to thirty percent, when the steam in the steam generators reached 430°C.
For the next three months, with short periods of downtime, the engineers cautiously
tested equipment and took measurements of basic parameters, reaching eighty per-
cent power in September with sodium temperatures in the range of 520° to 570°C.
A final planned shutdown, during which they replaced a few fuel rods and repaired
a turbogenerator, occurred in late fall in preparation for a lengthy operational period
commencing with the winter of 1980-1981. Late in 1981, the reactor achieved
planned power of 600 megawatts and produced superheated steam at 490°C.

Personnel seemed to be prepared for all eventualities because they had been
trained on the BOR-60. Brezhnev himself was pleased with their work. He greeted
them with these words: “This outstanding labor victory, achieved on the eve of the
one hundred and tenth anniversary of Lenin’s birth, opens yet another page in the
history of the nation’s atomic energetics, and indicates that our socialist motherland
by all rights occupies leading scientific and technical positions in the utilization of
the energy of the peaceful atom for the benefit of mankind. The creation of electric
power stations with breeder reactors, which will permit us most rationally to utilize
nuclear fuel, is a new great step in the furthest assimilation of the fuel-energy poten-
tial of the country, and signifies a radical transformation in energetics.”%4

On the eve of the start-up of the BN-600, Kazachkovskii was in the machine
hall of the station. Its clean metal walls gleamed. He felt proud of their achieve-
ments. The head of the construction operation, however, worried about a meltdown
like that at Enrico Fermi and asked Kazachkovskii if the thing would operate as
planned. But Kazachkovskii was confident that their work would not be forsaken.®>
Although no “Detroit” occurred, nor a “Shevchenko” sodium fire, the steam gener-
ators failed four times in the first year. Unlike similar events in the BN-350, these
failures did not significantly affect power levels. And despite the generator fail-
ures, operating personnel had been exposed to levels of radioactivity that were
10 to 100 times lower than those established for normal nuclear power stations.5

If one could jump to RBMK reactors of 2,000 megawatts without a second
thought, why not to the BN-1600 with two 800-megawatt turbogenerators. They
pursued the idea of a BN-1600, using standard industrial technologies to produce
equipment, components, sodium, and fuel rods, which would serve as the founda-
tion for serial deployment of breeders. Physicists settled on an integral design essen-
tially similar to the BN-600 and with virtually the same heat characteristics. The
integral layout made it possible to obtain a more compact design of the first circuit,
which was reliable with respect to cooling the active zone and localizing radioac-
tivity. But a whole range of technical problems arose, and so “as not to break the
forward pace of ongoing work in all links (manufacture of equipment, construc-
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tion),” in an abrupt shift they decided to bring into production a series of BN-800
reactors first. The BN-800 was a modification of the BN-600 and required very lit-
tle new equipment in its inevitable transformation into a BN-1600 (see Appendix,
Table 10).

Scientists and journalists strove to demonstrate that the massive nuclear power
stations engendered feelings of peace, quiet, and oneness with nature. A tour of any
reactor facility revealed that the engines worked without noise; there was no need
to raise one’s voice, even as the power of nuclear boilers reached 600,000 kilo-
watts or more power. The director of the Beloiarsk station, V. A. Malyshev, rec-
ognized the great challenges placed on the engineers, builders, and workers under
his watch in bringing a liquid metal fast breeder reactor on line. But he was confi-
dent of their success as they loaded 800 tons of sodium into the reactor vessel and
another 900 tons into the three loops of the second loop, sodium that required care-
ful handling, goggles, thick plastic gloves, and safety clothes, lest the metal come in
contact with human skin, oxygen or, worse still, water. The real reason for the de-
lay in bringing the industrial breeder on line was the need to create reliable sodium
technology.®” But this technology, too, plastic gloves and all, also fit perfectly with
Soviet views of nature and the reactor in the garden.

Leading officials in the Party and the scientific establishment began to object to
the pace and scope of breeder deployment. Some of them worried about the cost of
moving ahead on any project until each step had been completed. Yet, if the breeder
physicists waited for the successful operation of the BN-350 before embarking on
the BN-600, and on the BN-600 before attacking the BN-800, it might be years be-
fore they achieved the operating experience required to deploy breeders with six- to
eight-year doubling capacity. Worse, the engineers and experimentalists would lose
incentive and focus, perhaps transferring to more exciting projects. Leipunskii sel-
dom permitted these objections and worries to deflect his energy. He advocated
design and construction of the BN-600 from 1967 onward.

When opposition to the BN-600 was revealed, Academy president Anatolii
Aleksandrov, Minenergo officials, and N. A. Dollezhal provided support crucial to
the decision to expand the Beloiarsk site to include another breeder, a decision
about which Leipunskii only later admitted second thoughts. Aleksandrov had been
the originator of unrealistically low doubling times. His goal was to promote the
technology, but his estimate was based on fuel burn up and reactor temperature
parameters that breeder specialists accepted. Aleksandrov’s support and the suc-
cessful operation of the BN-600 in fact gave new impetus to breeder development
among leading Party officials. At a plenary session of the Central Committee of the
Communist Party in July 1981, Party officials endorsed the physicists’ plans for a
Soviet nuclear future. Politburo member A. P. Kirilenko gave the major address, an-
nouncing that during the eleventh five year plan, twenty-five gigawatts of nuclear
capacity would be added, three times more than in the preceding five year plan.
When the BN-600, the third block at Beloiarsk, came on line in April 1980, seven
years after Leipunskii’s death, it seemed to prove that Leipunskii had been correct
all along. It has since operated at an average of seventy-five percent of capacity. The
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operators believe that the primary reactor components (core, pumps, heat exchang-
ers, control and safety rod mechanisms, reactor refueling systems) work as de-
signed. They estimate electricity costs at twenty percent lower than that from fossil
fuel plants in the region. The scientists’ optimistic view of the potential of breeders
was shared among specialists in other countries.58

Despite the great inertia of science policy making in the Brezhnev era, ever
more grandiose projects issued forth because institute personnel had become adept
at harnessing a series of institutes to huge construction projects and thereby linking
the livelihoods of thousands of researchers and their families to big science. The pro-
jects, in turn, seemed to acquire lives of their own, for no official wanted to derail
one aspect of a project for fear the other parts would come unraveled. So it should
come as no surprise that breeder physicists managed to jump-start the construction
of the design and construction of an 800-megawatt reactor even as operation of the
BN-350 and BN-600 remained the source of never ending problems.

They initially intended to build a network of 1,600-megawatt plutonium fac-
tories as the final stage of breeder development, each powering two mammoth
800-megawatt turbogenerators that they intended to produce in serial form. They
permitted the tedious pace of work on the BN-350 and BN-600 to convince them
instead to build a fourth block at Beloiarsk at 800 megawatts, the BN-800. For this
breeder, which they hoped to have on line by the early 1990s, they recognized the
need to develop more extensive reactor safety systems, including emergency core
cooling, and to build more expensive containment to localize radioactive products
in case of a hypothetical radioactive leak or meltdown. Swelling, creep, and plastic-
ity of structural steels under high neutron fluxes, corrosion of fuel element clad-
dings at high burn up, and other problems also remained to be investigated. The
construction on two BN-800s had just begun in the Urals when the Chernobyl dis-
aster put on hold all further work. This may have been a blessing for the rest of us,
because the Obninsk scientists had developed several fascinating, but untested alter-
native breeder designs that also were nipped in the bud—for example, a “simple”
reactor without fuel rods in which the sodium flowed through a liquid active zone
of a plutonium-iron alloy.%?

The breeder specialists intended to site three BN-800 reactors on the site of the
Maiak chemical nuclear fuel facility at Cheliabinsk to take advantage of the pluto-
nium produced on site and one at Beloiarsk. But all work was suspended in the
1990s because of lack of funding. Despite the positive conclusion of several inde-
pendent expert commissions, the deputies and residents of Sverdlovsk region
refused to allow resumption of construction on the Beloiarsk BN-800. The govern-
ment, however, has refused to listen to the popular will. The “Key Directions of
Power Engineering Policy in Russia through 2010” includes the four BN-800 reac-
tors. Viktor Murogov, the director of Physics Engineering Institute in the early
1990s, explained that the BN-800 is crucial for its role in closing the fuel cycle, pri-
marily by providing a market for plutonium from the N300 fuel fabrication facility,
under construction at Maiak. But the N300 was frozen when the facility was only
fifty percent complete. He also proposed the use of plutonium from nuclear wea-
pons in the BN-600 in newly designed fuel rods and the design of a modified ver-
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sion, the BN-600M, which he described as safer and cheaper to operate than a light
water reactor, even though capital costs of sodium technology made a kilowatt of
electricity fifty percent higher than in a VVER.™

Large-scale technologies do not appear out of the ether. A large array of insti-
tutes and their personnel contributed to the breeder. Other institutes that required
Kazachkovskii’s attention included the Scientific Research Institute of Atomic
Reactors in Dmitrovgrad; the Gorky (now Nizhnii Novgorod) Design Bureau of
Machine Building, which provided much of the early one-of-a-kind equipment for
the breeder program; the Special Design Bureau Gidropress in Podolsk, which pro-
duced steam generators for the breeders; the All-Union Scientific Research Institute
of Inorganic Materials, whose personnel worked closely with Obninsk physicists on
fuel rods; and the Leningrad Design Institute, which was the main engineering firm
for this and other big technology projects. Soviet physicists did not intend to stop
with liquid metal fast breeder reactors. They held as a medium-term objective the
N,O,-dissociated reactor being developed in Minsk in the Institute of Nuclear
Physics, the BRIG-50 (a 1,000-megawatts electric prototype, later rescaled to 300-
megawatts electric);’! as long-range objectives, a helium-cooled fast breeder reactor
with a low doubling time of five to six years; and a liquid lead-bismuth or lead-
cooled reactor being developed under Kurchatov Institute leadership. All of these
programs and institutes required resources. All of them became adept at initiating
new projects. But these models were opposed by liquid metal specialists, not because
the projects diverted resources, but because, in their opinion, the designs had sig-
nificant technological shortfalls and had no place in the general energy plan.

Safety precautions could not prevent disaster, as the development of many
large-scale technologies has frequently proved. In some cases, exogenous factors not
initially included in calculations—for example, the production of hydrocarbons in
the ubiquitous internal combustion engines—fall outside safety considerations. In
other cases, engineers and scientists fail to take into account issues that clearly are
crucial—for example, the handling and storage of radioactive waste—because cost
or political considerations divert their attention. This was true for the new physical
apparatus designed in Obninsk. In the early years of accelerator technology, the
physicists were so devoted to fine-tuning the new alpha particle accelerator that a
number of them received extremely high doses of X-rays and later developed sarco-
mas. Another incident involved a square meter pond of mercury that was being
used as an early breeder coolant; mercury fumes sickened a handful of specialists.
Accidents and leaks such as these occurred with greater frequency over the next
three decades.”® Then there were the frequent sedium fires. If the meltdown at
Chernobyl had not occurred, a massive sodium fire at Beloiarsk might have trig-
gered public awareness.

Breeders were Soviet big science and technology par excellence. Despite the
technical challenges, and seemingly despite the cost, Leipunskii and his colleagues
at the Physics Engineering Institute created a complex technology—from experi-
mental devices to reactors whose power measured in the thousands of megawatts—
whose genesis required the establishment of a half-dozen institutes employing tens
of thousands of specialists and the development of other complex technologies to
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manufacture fuel and coolant and to transfer heat from the reactor active zone to
steam generators.

In the early stages of breeder development, before they had encountered sodi-
um fires and steam generator failures in industrial prototypes, Soviet physicists and
journalists who publicized their efforts spoke of breeder reactors as the Phoenix.
The phoenix, a glorious bird larger than an eagle and with magnificent plumage,
had a life span of at least 500 years. As it approached the end of its life, the phoe-
nix built a nest, set it on fire, and was consumed in the flames. Like one breeder
reactor producing fuel for another, from the fire a new phoenix sprang forth. The
metaphor of the phoenix unfortunately suggested another feature of the Soviet
breeder program—only one phoenix lived at a time. For all the achievements of the
Soviet program, financial, political, but in particular technical challenges prevented
physicists from powering more than one breeder with the plutonium from another.
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Cement is a mighty binding material. With cement we’re going to have a great
building-up of the republic. We are cement, Comrades: the working class. Let us keep
that in mind. We’ve played the fool long enough; now we’ve got to start real work.

— From Fyodor Gladkov’s Cement

The workers of the South Ural Construction Trust poured only 3,000 cubic
meters of concrete in 1954. In 1958, they poured 82,000 cubic meters of the stuff,
enough to fill a soccer stadium to a depth of fourteen meters. They used the con-
crete largely for the construction of plutonium production and experimental reac-
tors for the military establishment, their primary customer. In the trust’s first days
during the onset of the cold war, the Kremlin exerted direct control over concrete-
pouring activities, with Secret Police Chief Lavrenty Beria constantly telephoning
General Iakov Rapoport, the first head of the trust, with not too subtle inquiries to
move things along more quickly. No one voluntarily came within five meters of
Rapoport when he toured the cement factory looking for ways to stretch production
even further. Concrete had assumed great cultural significance in the Soviet Union,
and they seemed never to be able to produce enough for hydropower stations,
canals, apartment buildings, and reactors, even when they employed tens of thou-
sands of soldiers, an equal number of German prisoners of war, and political pris-
oners requisitioned from the Stalinist Gulag. Of course, prisoners lacked any incen-
tive to achieve higher productivity, for any success would lead immediately to
increased norms. Many of them dropped dead on the job; their meager rations and
ragged clothing allowing them to waste away in the frigid air. So the secret police
resolved to add 100 grams of vodka to their daily ration. Many still died, but at least
they died tipsy.

81
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Concrete represented more than its components of mortar, sand, binders, wat-
er, and various additives. And the huge construction trusts amounted to more than
the thousands of workers who operated excavation, pouring, and pumping machin-
ery and the managers who planned and oversaw each operation. The South Ural
Construction Trust, Volgodonskenergostroi, Sibakademstroi, and dozens of other
organizations (whose tongue-twisting names grew out of bits and pieces of geo-
graphical, machinery, and construction words) were given responsibility for one
task and then others, growing rapidly in terms of numbers of employees, scope of
activity, quantity of earth moved, meters of scaffolding and forms erected, and tons
of concrete poured. The employees of these geoengineering trusts and their families
had to be housed and fed, their children schooled, their free time filled with dis-
tractions, their illnesses treated. So entire towns were established not far from con-
struction sites.

In theory, the workers’ state, as sole employer and owner of all property, gave
precedence to the comfort and safety of the worker. In practice, plan fulfillment,
often expressed in gross output figures, took precedence; and in virtually every
town, the housing, shopping, educational, and other needs of the citizen, what the
Soviets called sotskulthyt (referring to the social, cultural, and living conditions)
lagged far behind the production targets for the burgeoning trusts. Workers were
disgusted by the situation. No sooner were apartments finished than they began to
crumble; as many as half of the children of trust workers waited for places in
schools; roads and sidewalks remained unfinished; mud and garbage filled the neigh-
borhoods. Absenteeism grew; labor productivity fell; worker turnover plagued most
trusts. In the Stalin period, the Party identified those respounsible for this series of
problems and meted out severe punishment. Under Khrushchev and Brezhnev, the
guilty often escaped with admonishment or reassignment. But the unwieldy trusts
chugged on, providing the state with poorly finished construction projects, the
workers with employment—and occasionally sotskulthyt.

For the Soviet Union, the concrete produced for nuclear power engineering
projects was no different from the concrete used in apartment buildings, in dams
and canals, in oil and gas pipelines. If the South Ural Construction Trust managed
to build plutonium production reactors in a relatively short time, then a specially
created organization, Atommash, ought to be able to produce power-generating re-
actors in serial fashion. Party leaders, economic planners, and nuclear engineers
saw the task of reactor construction as similar to a construction task in any sector
of the economy. They believed that lessons learned in one area could easily be
applied in another. They sought to make nuclear power economically competitive
by adopting commonplace construction techniques and materials. Having met with
some sliccess in cutting costs, meeting plan targets, and limiting opportunity for
errors in the field through standardization in other areas of construction, they pur-
sued similar ends in the nuclear power industry. They shared the conviction of engi-
neers in other countries that nuclear power would be competitive only if they could
turn from one-of-a-kind reactor design and construction to standardized models
built largely from ordinary components, forms, and techniques. Given Stalinist tech-
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nological style, there were few impediments to leaping from prototypes to serial pro-
duction, and to treating a complex technology (1,000-megawatt pressurized-water
reactors) as the sum of its standard parts (piping, conduit, prefabricated concrete
forms, uranium fuel rods), to be produced at the Atommash factory on the Volga
River. And like any other sector of the Soviet economy, “nuclear concrete” became
huge construction trusts of dissatisfied workers, standardized techniques, and stag-
geringly large gross output figures, but very little to show in terms of quality con-
trol. Nuclear concrete ultimately is a story of devastating technological and eco-
nomic failure, a story lost only in the radioactive cloud of Chernobyl.

CONCRETE: FOOD FOR SOVIET GODS

From the late 1920s onward, Soviet leaders assembled unskilled workers and peas-
ants into malleable, but only somewhat efficient labor crews to form huge con-
struction organizations. The organizations evolved into the mega-construction trusts
of the Brezhnev era that moved through the vast Soviet landscape looking to apply
the technology of prefabricated concrete forms on a truly large scale and leaving
only dull gray structures and scarred land in their wake.

From the earliest projects, Soviet leaders learned how large-scale technologies
might carry symbolic meaning, but never quite meet their expectations in function:
Dneprostroi was the socialist state’s first major hydropower station located on the
Dnepr River in Ukraine and the prelude to future symbols of Soviet economic
might; the Belomor Canal was built by political prisoners with hammers, saws, and
shovels (thousands of these workers perished while cutting through the perma-
frost); and the Moscow Metro, whose ornate marble stations truly are architectural
wonders. The poorly paid and often illiterate workers frequently, if unintentionally,
destroyed expensive equipment, loading it poorly, getting it stuck in the mud, leav-
ing it to the elements’ mercy, or operating it carelessly, losing limb and life in the
process. The concrete itself cured poorly, first bending forms and soon beginning to
crumble. Still, the projects served as forums for the social, cultural, and political
indoctrination of the burgeoning working class in the glories of Soviet power, and
especially its infallible leader, losif Vissarionovich Stalin. The projects jump-started
rapid industrialization. In all sectors of the economy—the iron industry, the ma-
chine building industry, and the energy industry—Soviet construction was trans-
formed in one generation from one of artels to one that epitomized the industrial-
ized ethos of prefabricated forms and huge machines, an industry whose success
was judged in tons and deadlines, not in aesthetic pleasure or worker safety.! For
the nuclear enterprise, even more so, concrete was food for the Party gods.

There were only a few ways to cut the costs of reactors to make them compet-
itive with fossil fuel boilers. In any event, capital costs would be higher. It remained
to cut back on expensive materials to the extent possible. One path was to use less
steel by replacing it with concrete, but only in “stationary reactors,” where the
mechanical strength and radiation stability of concrete was not in doubt, even in the
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presence of cracks and fissures. Engineers decided it was possible to build the reac-
tor vessel entirely of reinforced concrete, put less steel into thermal barriers, and
skimp on steel in biological shielding. A Soviet scientist observed that several thou-
sand tons of steel had been used in Hinckley Point Station in England, but he
believed that Hinckley Point could have been built more cheaply with reinforced
concrete.

Nuclear engineers determined that, in the final analysis, they could make
nuclear power competitive with fossil fuel boilers only by building larger reactors.
It would be even better if they succeeded in standardizing reactor construction to
arrive in some sense at “serial production.” Toward this end, they built the Atom-
mash (for “atomic machinery”) factory on the Volga River. Atommash’s immense
foundries had conveyors and cranes, stamps and extruders, and workers and engi-
neers to make Henry Ford envious, even though his River Rouge (Michigan) Plant
had revolutionized the assembly line. Before reaching the Volga River, the nuclear
engineers had learned how to use concrete in plutonium production reactors for the
military enterprise. They wanted to take what they had learned in Cheliabinsk,
Obninsk, and elsewhere to the civilian sector. Quickly they decided that nuclear
reactor construction was essentially no different from highway or apartment con-
struction. Concrete made it all possible.

Concrete and reinforced concrete are wonderful stuff. Even without extensive
mechanization, it is easy to use because it pours to fit almost any shape, dries
quickly, and has great strength. The Soviet Union produced only 6 million tons
(metric tons, here and throughout) of cement annually on the eve of World War II,
but they made 46 million tons in 1960, 95 million tons in 1970, and 125 million
tons in 1980. Portland cement accounted for the lion’s share of production until the
1950s. Then they increased output of quick hardening and slag Portland cement.
The Russian republic produced sixty-five percent and Ukraine twenty-one percent
of the cement. A great jump in production in the 1950s did not mean that concrete
lacked importance for Stalin, only that the construction industry remained in its
infancy until after his death, because it had been forced to rebuild from the ground
up after the Nazi armies retreated, leaving rubble in their wake. Perhaps to mourn
Stalin’s death, in 1954 the Central Committee of the Communist Party passed a spe-
cial resolution, “On the Development of Production of Prefabricated Concrete
Forms for Construction,” expressing dissatisfaction with the rate of diffusion of this
new technology and calling for a fivefold increase in the production of forms be-
tween 1954 and 1957. This expansion would require building over 400 new cement
factories in 1955 and 1956, but it would facilitate the construction in those two
years of 14.5 million square meters of apartment space, 6.5 million square meters
of industrial buildings, and 8.4 million square meters of agricultural buildings.?
Not surprisingly, a national convocation of the Workers of Construction Industry,
Design, and Research Organizations gathered in the Kremlin to show their support
for the resolution.

Under Khrushchev, the effort to produce prefabricated concrete forms expanded
rapidly. A few dozen massive factories dominated production for the entire nation,
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with one located in each major region. In 1955, there were eight factories in the
USSR that produced more than 600,000 tons of cement annually; by 1958, twelve;
and by 1966, twenty-six prefab form factories. The eighteen largest spit out one mil-
lion tons annually—nearly three-quarters of all the cement in the USSR. From these
factories, finished forms were loaded onto railway wagons for the long trip to con-
struction sites. Planners overlooked the cost and inefficiency of long-distance ship-
ping, for they sought centralized control of production. The “industrialization of
construction” was the goal in the eternal “battle for durability and stability” using
concrete, “the artificial stone.” By 1965, the factories produced 56 million cubic
meters of prefabricated reinforced concrete forms; in 1970, 85 million cubic meters;
in 1975, 114 million cubic meters; and in 1980, 123 million cubic meters.* One
unit of the Leningrad Atomic Energy Station alone, the first 1,000-megawatt RBMK
to be built, contained roughly 300,000 cubic meters of reinforced concrete in the
shape of a ten-story building nearly 500 meters long.> Few goods and services
achieved such rapid and sustained growth in the former Soviet Union, an achieve-
ment that says something about the priorities of the government vis-a-vis the cit-
izens’ desires for better food, clothing, and health care (see Appendix, Tables 11
and 12).

So important was concrete that Soviet scientists created a series of scientific
research, development, and design organizations to complement the construction
industry—their raison d’etre was concrete. They studied various mixtures and ad-
mixtures, the better to cure it in weather conditions in the Soviet Union that ran the
gamut from the well-known extreme cold of the far north, to the hotter, more arid
Central Asia. They studied all kinds of ways to keep production costs low, includ-
ing tests to determine how much concrete could be watered down and still be used
in apartment buildings, dams, and nuclear reactors. To disseminate such ethereal
information, they established an international journal, the monthly Beton i zhelezo-
beton (Concrete and Reinforced Concrete). This journal was the organ of the State
Committee of the Council of Ministers of the USSR on Construction. Concrete’s ex-
perience went full circle. At one time merely the foundation of production reactors,
it turned into the glue of reactors whose every molecule, resistance, density, and
stability were studied by a huge network of institutes. These institutes included
the Scientific Research Institute of Reinforced Concrete (encountered frequently
in the scientific literature according to its exotic acroynm, NIIZhB) and regional
centers where experts gathered over coffee to analyze the glories of concrete, for
example, the Novokuznetsk Division of the West Siberian Branch of the Academy
of Construction and Architecture of the USSR. In Ukraine alone, there were forty-
four research and design institutes for the construction industry, which employed
6,500 researchers, including 100 doctors and 1,900 candidates of science.

Cement is a powder that, when mixed with water, sets and hardens into a solid
mass. Limestone, volcanic ash, and clay are the most common materials used as
cement. The limestone quarried on the Isle of Portland gave rise to the name Port-
land cement. Slag cement is produced by slag by-products of blast furnaces. When
cement is mixed with sand, it forms the mortar used in masonry construction; and
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when mixed with gravel or crushed stone, it forms concrete. It is so versatile and
strong, and so easily fits the shape desired by builders, that it led to a revolution in
construction late in the nineteenth century.

Concrete and reinforced concrete are vital ingredients of nuclear reactors. By
weight and volume, they constitute seventy percent of this complex steam engine.
They are the foundation, a container for the core of the reactor itself and, at the
same time, serve as the biological shielding against radiation and as a containment
vessel. As a containment vessel, the concrete must tolerate the very high tempera-
tures and pressures that might be produced in the core of the reactor during an
accident involving loss of coolant. Some containment vessels exceed 170,000 cubic
meters in volume. As V. B. Dubrovskii, the concrete specialist and later professor of
nuclear engineering, wrote, “Like any other nuclear installations nuclear power
plants mainly use concrete radiation shields which also serve as load-bearing struc-
tures. Concrete is a cheap and rather effective shield material. Among its advan-
tages is also the fact that its engineering and physical (including shielding) proper-
ties can be varied at will.” The variations include heavy and superheavy concretes,
concretes with different binding agents and aggregates (for example, magnetite-
aggregate concrete and Portland cement), concretes that can withstand medium-
high temperatures and those designed to withstand temperatures higher than 350°C
(heat-resistant concretes), concretes with boron or cadmium, and concretes with
increased water (hydrated concretes). Prestressed concrete was a major innovation
in building engineering. By putting rebar (tensioning steel bars or wire) into con-
crete, builders put the concrete in a state of compression, thereby strengthening it
and allowing less material to be used. In Soviet practice, radiation shields ordinarily
used two types of concrete: ordinary heavy concrete and superheavy concrete; but
in all cases, the ingredients were locally available aggregates, binders, and admix-
tures. The standard Soviet PWR—the VVER-1000—used 21,000 cubic meters of
ordinary heavy concrete, 1,000 cubic meters of superheavy concrete, and 50 cubic
meters of hydrated serpentinite concrete. There would have been more, much more,
but the Soviet nuclear energy enterprise avoided using containment vessels until
after the nuclear disaster at Three Mile Island, Pennsylvania in 1981, so confident
were they of the integrity of their designs and concrete.”

The first publications concerning research on the radiation resistance of ce-
ments were published in 1944 and were based on experience with the first Oak
Ridge National Laboratory reactor. The authors concluded that a moderate flux of
thermal neutrons did not have an effect on the strength and stability of the concrete
and that the loss of water in the concrete was a result of higher temperatures, not
radiation itself. In 1950, however, another series of articles on magnesium cement
and cements with boron revealed a significant lowering in the strength of concrete
after neutron radiation. Scientists at Harwell, England asserted, on the basis of a
series of experiments conducted from 1953 to 1956, that changes in the strength
and weight of various kinds of concrete depended both on temperature and on level
of irradiation. But Soviet scientists disputed the former contention, believing that
neutron activity was the crucial factor. In the BR-5 experimental breeder reactor,
they irradiated small briquettes of heat-resistant Portland concrete made with a
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filler of chamotte clay and sand produced at the Voskresenskii Factory. They deter-
mined that the magnitude of radiation damage depended on the age of the cement,
stone, and filler, and on the destruction of the bonds between them as the crystals
were deformed and ruptured. They also determined that Portland cement with cha-
motte and sand as filler could be used as biological shielding against a high level of
neutron activity.$

At first, prefabricated concrete and reinforced concrete forms were rarely used
in the construction of biological shielding for reactors, because there was a danger
of radiation passing through fissures along the joints of the forms. However, scien-
tists at Brookhaven and Los Alamos National Laboratories applied the prefabricated
concrete technology with some success to low-power research reactors, and Soviet
engineers gladly followed this example with their own forms in the first steps of the
effort to employ standard technologies to keep reactor costs to a minimum. Starting
with experimental reactors, engineers used standard series ST 02-01 blocks that
were 0.5 meter thick. The blocks could also be used for accelerator biological shield-
ing. It was a simple process to cover the blocks with a layer of concrete, thereby
bringing the walls to 0.8-meter thickness. The procedure was used with success on
the synchrotron at the Moscow Institute of Theoretical and Experimental Physics.
At the synchrocyclotron at Dubna, engineers used prefabricated slabs with concrete
blocks in between them to a thickness of 1.5 meters.” After another ten years of
study, researchers determined that proton accelerators of 100 to 1,000 megaelec-
tronvelts such as synchrotrons, phasotrons, cascade generators, linear accelerators,
and meson factories required biological shielding of hydrated material such as con-
crete; steel alone was inadequate.’® Although all this experience concerned experi-
mental facilities, it left no doubt among scientists that concrete, including prefabri-
cated concrete forms, could be used in accelerator and reactor construction, serving
as good, inexpensive biological shielding and structural material. Were there other
savings of materials and time they might find in concrete, at the same time preserv-
ing its other functions?

Engineers and builders, working closely with scientists who understood the
ability of water molecules to serve as a moderator of neutrons, decided first to focus
on concrete itself and then to apply what they learned to standard building tech-
niques. They examined the extent to which water might be added to various con-
crete mixtures, studying roughly fifty different mixtures and levels of hydration.
The goal was the radiation safety of the personnel who operated the reactor. They
determined that increasing the quantity of water by itself did not reduce the radia-
tion safety of the cement. Rather, the quality of the concrete, its uniformity, how it
was laid, and other issues were crucial. In one study, they concluded that the most
economical concrete for reactors had a density of 2,350 kilograms per cubic meter,
which, not coincidentally, was the least dense of all the concretes tested.!!

V. B. Dubrovskii began his distinguished career pouring, curing, and testing
various kinds of concrete for their radiation stability. Of various heat-resistant con-
cretes available in the mid-1960s, Dubrovskii and his colleagues determined that
chromite concretes were radiation resistant. Using the BR-5 reactor, they irradiated
samples of concrete in hermetically sealed steel ampules at temperatures of 200° to
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550°C and various levels of neutron activity. The chromite concretes retained their
dimensions, their form, and sufficient strength under all conditions, a result sug-
gesting to Dubrovskii that they held great promise for the future of nuclear power
engineering.!? But such scientific achievements anticipate the story of the forma-
tion of a construction trust to build the USSR’s first plutonium production reactors
and isotope separation factories, and its inexorable march toward nuclear concrete.

THE SOUTH URAL CONSTRUCTION TRUST

The South Ural Construction Trust (Iuzhnoural’skoe upravleniia stroitel’stva, or
IuUS) built Cheliabinsk-40 and Cheliabinsk-65 (first called Base-10, and now called
Ozersk, a city with 90,000 inhabitants in 1998). Cheliabinsk was not on any maps,
for it was the site of the Soviet Union’s first plutonium production reactor, the
Soviet equivalent of the Hanford (Washington) reactor. [uUS moved quickly in the
cold war. The workers built five reactors in four years, largely using cement and
steel to contain the lethal fuel, the boiling water, and the high-pressure steam: Build-
ing 301 and the AV reactor (which came on line in June 1950); Building 602 and
the AV-2 (April 1951); the OK-180 reactor (October 1951); Building 701 and the IR
reactor (December 1951); Building 501 and the AV-3 (September 1952). But they
weren’t done. The OK-190 commenced operation in 1955 and the OK-191 (Build-
ing 401a) in 1966. (On the eve of the break-up of the USSR in 1991, there were five
graphite-moderated plutonium production reactors at Cheliabinsk, all of which are
now shut down; two light water-moderated reactors for tritium and special isotope
production; and two chemical separation plants.) In short order, the workers also
built a radiochemical factory to separate fissile plutonium necessary for bombs from
other isotopes; it was called the “B” factory and was completed in 1957. They en-
countered all kinds of critical problems in the operation of that first isotope sepa-
ration facility, with the majority of those persons who worked on it being buried
prematurely because of exposure to excessive amounts of radiation. B had another
unique problem: in 1957, it was dusted by fallout from an explosion of a nuclear
waste dump located in nearby Kyshtym. Every nook and cranny of B had to be
scoured for a year before operation could begin because it was so contaminated by
radiation.!?

IuUS came into existence because of the confluence of the demands of secrecy,
the presence of natural resources, and the existence of a nearby machine building
industry that was running at full capacity. As quickly as they could following the
Nazi invasion, the Soviets loaded entire factories and research institutes onto trains
bound for the Urals. From here, slowly and in the worst possible conditions—with-
out heat and sometimes without roofs—they geared up for production of tanks,
planes, and other weapons. Kurchatov and Beria agreed to site the plutonium pro-
duction reactor near a former monastery and sanitarium, a forested 100-square mile
area in the southern Ural Mountains. The Techa, Irtysh, and Tobol rivers provided
copious amounts of water for the tremendous cooling needs of the massive pile. A
powerful wartime machine building organization, Cheliabmetallurgstroi, provided a
staff of narrow-minded, but capable engineers. They had thousands of German pris-
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oners of war and Gulag conscripts to excavate and build and pour. In many of the
sectors of [uUS, you might find two Russians, a director and chief engineer; the rest
of the personnel were German prisoners of war from spetskomandatura, a special
labor brigade under direct control of the secret police.!*

lakov Rapoport, who was a major general of engineering technical services
and had headed the White Sea Canal Project and several dams on the Volga, over-
saw construction. Kurchatov often found himself on site, during the day moving
from question to question and from bottleneck to bottleneck, and at night listen-
ing to reports and approving new plans. Boris Vannikov, the head of the First Main
Administration (that is, the bomb project enterprise); Avraami Zaveniagin, who
had headed the Magnitogorsk Metallurgical Combine and was Vannikov’s deputy;
and Mikhail Pervukhin, minister of the chemical industry, also frequented the im-
portant facility.

There were even scientists in special Stalinist labor camps geared to research
and development who were hooked into the nuclear enterprise. They included Niko-
lai Timofeeff-Ressovsky, known as the “Bison.” Timofeeff-Ressovsky was in Nazi
Germany at the Institute of the Brain when the war broke out. He decided not to
return home. Although he was repatriated after the war, many of his former col-
leagues refused to have anything to do with him, thinking him a collaborator. He
never got a job in an Academy institute, nor was he ever elected to its membership.
But Timofeeff-Ressovsky was beholden to no one. Connected with the atomic bomb
project to do studies of the impact of radiation on various organisms, he had no
qualms about pushing cybernetics and genetics at a time when both disciplines were
out of favor. Young scientists flocked to Timofeeff-Ressovsky at his Miassovo labo-
ratory to sit naked in the lake and listen to his lectures on these ideologically sus-
pect sciences.®

A town with a monastery and a sanitarium hardly had an adequate infrastruc-
ture for a plutonium production reactor, so this was the first task. In an attempt
to hide the purpose of Cheliabinsk, Beria ordered the construction organization
not to touch the huge tracts of forest nearby. They sent in tanks to pack down the
first dirt roads; then they cut down trees for the log roads that had to be used until
the cement factory was operational. The heavy traffic required continuous replace-
ment of the logs. In the winter, horse-drawn sleighs were used. In the absence of
sufficient cement for the first reactor, they relied on lumber for many of their tasks.
By the end of 1947, they had consumed 114,000 cubic meters of timber; in 1948,
117,000 cubic meters; and in 1965, 114,000 cubic meters, not to mention the lum-
ber used in tens of thousands of window and door frames for the ever-expanding
weapons material production facility.

Lazar Kaganovich, the member of Stalin’s circle who had been responsible for
the Moscow Metro, visited the site early on. Recognizing that Cheliabmetallurgstroi
could not handle all the tasks at hand, Kaganovich created a new construction
administration—Glavpromstroi NKVD, later called Iuzhnouralstroi—with energy,
communication, transport, railroad, and machinery and equipment divisions. Even
with direct secret police oversight and orders signed by Beria or Stalin himself, Che-
liabinsk was built, not by specially requisitioned machinery, but from the ground
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up with pickaxes, crowbars, shovels, and huge flathead hammers. For electricity,
they used portable diesel generators until they built power lines from the Irtiash/
Kyzyltash miniature hydropower station. Of course, they got as many soldiers and
prisoners as they needed, so there was no incentive to mechanize. Many other orga-
nizations were thrown into the task: Soiuzprommontazh, Teplokontrol, Uralelek-
tromontazh, Spetsmontazh.®

Excavation and construction commenced with 3,000 unskilled and poorly moti-
vated employees who toiled in two shifts, with bosses patrolling constantly to in-
spect their work. The bosses blamed the workers for every failure; but, in fact, poor
planning, inexact surveying, and constantly changing requirements were the real
sources of the problems. For the plutonium production reactor, the workers were
required to dig deeper and deeper—at first six meters, then eighteen meters, and
finally forty-three meters. They had planned to use forty-eight tons of explosives to
loosen things up. But the commandant of a land-locked naval mine base at Tatysh
categorically opposed detonation for fear of triggering his mines with the shock
waves. A struggle with a gusher of groundwater then commenced; and because they
didn’t have powerful pumps either, the work slowed to a muddy crawl. They had to
build special carts to move around huge finished pieces of concrete, some six meters
in diameter and one meter high, which were pushed and pulled by horses and pris-
oners. Then they discovered the need to go another ten meters down beneath the
muck. Because some concrete was already in place, there was the danger of a cave-
in. However, they found volunteers to dig down another ten meters by offering to
reward them on the spot with cash, bread, and sausages. In April 1948, great joy
greeted the arrival of three bulldozers.!”

With so much activity and so little concern for the expendable workers, acci-
dents were inevitable. The entire scaffolding for the 150-meter chimney for B sud-
denly leaned sideways, sending hundreds falling to death and injury. The workers
were always poorly treated. If they were late by fifteen minutes, their pay was
docked by one-fourth for three months. The dining hall was far away and there
were no buses to take them there, but no one was allowed to be late returning from
lunch. As Vannikov told them, “If you don’t do it, you’ll get dry bread.”*® The build-
ing of Cheliabinsk was a crucible event, for it convinced engineers of the need to
adopt standard practices to avoid delays and accidents. Yet all these misfortunes—
industrial accidents, problems with groundwater, poorly treated and therefore poor-
ly motivated workers—befell Atommash, too.

Stalin and Beria were obsessed with secrecy. At first, Stalin and Beria simply
forbade workers to leave the zone for other work, or even after retirement. Until
apartment buildings went up, workers lived first in tents, then in barracks. When
Stalin died, internal passports were issued to the “free” employees of IuUS. Internal
documents were required for travel within the Soviet Union in any event. But free
Cheliabinsk employees were not permitted to travel further than Irkutsk in the east,
Tashkent in the south, and Kuibyshev in the west. They could travel as far into
the Arctic Circle as they wanted, but there were few takers. For the most part, the
administrators kept close reins on the workers, often farming them out to such
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alluring winter cold spots as Magadan in railway ore wagons for their next job
assignments. The workers’ only bonus was previewing uncensored films, which the
authorities tried out at Cheliabinsk before their release to the rest of the country.!?

The real problem was not workers, but concrete. They couldn’t get enough of
it. V. A. Beliavskii, a supervisor at Cheliabinsk, said: “Concrete is the bread of con-
struction workers, its delivery was under special control. The factories worked
without pause, even on the weekends. How do you guarantee such uninterrupted
work of the equipment at such a pace? We created a rich supply of parts, even entire
assemblies, which wore out very quickly.” Under pressure from Moscow, Rapoport
and Beliavskii complained there still wasn’t enough. Over the telephone from the
concrete factory, director Tsarevskii complained: “It’s a lie that there is no concrete
at the site. I'm sending truckload after truckload out there. The factory is working
like a clock. Listen for yourself.” And he held the phone out the opened vent win-
dow of his office, picking up the din of the machinery. The worst crime, of course—
even worse than changing plans to meet unforeseen difficulties—was to miss a
deadline.?® Concrete, if not sophisticated equipment, would never be a problem in
the nuclear industry again.

Productivity at Cheliabinsk grew significantly after the factory started manu-
facturing prefabricated reinforced concrete forms. At first, the concrete factory pro-
duced only foundation blocks, supports and conduit, highway slabs, hollow con-
crete slabs for finishing brick apartment buildings, and six-, nine-, and twelve-meter
reinforced concrete columns and girders. The production of these prefabricated
building materials grew rapidly, from 3,000 cubic meters in 1954 to 19,800 cubic
meters in 1955 and 82,000 cubic meters in 1958. The next step was the creation of
a new trust, the Apartment Building Combine, to erect series I/119 apartment build-
ings, one of a half-dozen such designs intended to fill all Soviet housing needs from
the late 1950s onward. In the Khrushchev years, as part of something like a general
amnesty for crimes committed in the Stalin era (sadly, in many cases posthumously),
many political prisoners were released, and “free” workers (in some cases, the very
same person) replaced them on the job. Free workers required much more in the
way of the comforts of home. Prison food, prison garb, and prison housing would
not do. So IuUS acquired the added responsibility of building apartments. They
used the same tried and true mass production techniques of military construction.
To raise the apartment buildings more quickly, the bosses often put a small orches-
tra in the center of the site, and it played marches or some other energetic music for
the desired inspiration. They built three-story buildings on Beria Prospect in less
than six months. By 1958 they had built sixteen buildings with 30,000 square meters
of space, including dining halls, kindergartens, a public bath, and a movie theater.
Unfortunately, the apartment buildings, stores, and theaters had a life span of only
twenty years, sometimes less, before they began to crumble.

IuUS eventually downsized to no more than 800 employees. In the meantime,
they had acquired bulldozers and concrete pumps and BK-1000 cranes reaching
fifty meters and lifting thirty tons. IuUS activities extended far beyond the Ural
Mountains to the newly constructed cities of Navoi and Akademgorodok, to REMK
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reactors at Sosnovyi Bor outside of Leningrad and Ignalina in Lithuania, to Tomsk-
7, to Minlesstroi for slabs for logging roads, to Minneftgas for roads and supports
for oil and gas pipelines, and even to the Angara River for hydroelectric power sta-
tions, albeit all under Minsredmash auspices.?! Its concrete-pouring skills only par-
tially met the nation’s growing appetite.

After years of study, scientists, engineers, planners, and construction officials
concluded that there was essentially no difference between the concrete used in
reactors and that used in apartment buildings, highways, or other applications. The
successful operation of special construction trusts involved in construction of apart-
ments, hardened silos for ICBMs, and shielding for particle accelerators (for exam-
ple, Sibakademstroi in Novosibirsk, Siberia) confirmed this conclusion. The special
nuclear construction trusts—created, as it were, out of the tundra and taiga to apply
the achievements of scientists and engineers—were huge. And they grew ever larg-
er, moving from one military task to another and then into the countryside in search
of other huge construction projects. They built entire towns, the world’s largest
hydropower stations, and, of course, nuclear reactors. Other construction trusts
were hatched from the marauding armies of workers, bulldozers, steam shovels, and
concrete pumps. For example, Angarastroi, which ultimately employed 70,000 labor-
ers, was dedicated to conquering Siberian rivers. No matter where they happened
to be at the end of April 1986, the workers of these trusts “volunteered” to assist in
the liquidation of the Chernobyl disaster. Their association with concrete and
nuclear power had come full circle.

Lest the Soviet fascination with concrete appear to be an anomaly, be assured
that none of the cold war bomb factories suffered from concrete envy. By the end of
November 1944, the British realized they were destined to be second-class citizens
in any nuclear alliance with the United States. So they determined to set up their
own research establishment and weapons production facilities. For a research facil-
ity with experimental reactors and accelerators of various sizes and types, physicists
Marcus Oliphant and Sir John Cockcroft selected the 300-acre Harwell site to the
west of London. The Harwell reactors discharged between 300,000 and 400,000 gal-
lons of slightly radioactive effluent into the Thames each day; the Metropolitan
Water Board claimed never to have detected any unusual radioactivity in their reser-
voir uptakes. Next, the scientists planned uranium fabrication and plutonium pro-
duction facilities. Calder Hall and Windscale on the west coast not far from the Lake
District and Dounreay, an experimental reactor facility on the northern tip of Scot-
land, were chosen both for their isolation and for proximity to an excellent coolant,
ocean water. Windscale Works in England covers 260 acres on the Cumberland
coast ten miles south of Whitehaven. The River Calder runs at the end of the site.
Until 1940, the area was farmland, and the beach fronting it was unfrequented.
A Royal Ordnance Factory for the production of TNT was built there in 1941. So
when the United Kingdom Atomic Energy Authority selected Windscale in 1946 as
the site of a factory to process uranium ore from Congo, South Africa, and Australia,
all the important elements were in place: clean water, road and rail communications
to an industrial facility, and low population density.
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The Windscale plant had huge stack chimneys, each 410 feet high and 47 feet
wide, so that the slightly contaminated radioactive air used for cooling the atomic
piles would be dispersed high into the atmosphere. Radioactive effluent was diffused
into the sea through pipes that extended into the ocean 3,000 yards beyond high-
water mark. The chimneys are impressive landmarks, visible for miles; they vented
BEPO, the first big British experimental reactor. BEPO was a cube with sides each
twenty-six feet long, made with 28,000 graphite blocks of 1,500 different shapes and
engineered to an accuracy of 0.015 inch. Through these blocks, 1,760 horizontal
channels provided access for loading uranium. BEPO was surrounded by a shield
that was 6.5 feet thick and made of concrete. The weight of each pile (the graphite
and uranium core of the reactor), together with the foundations, fan-houses, and a
3,000-ton chimney, was 57,000 tons. Engineers put each pile on a reinforced con-
crete mat 200 feet long, 100 feet wide, and 10 inches thick. The fans were so strong
that on start-up they caused the great steel doors of the building to belly inward sev-
eral inches.?> When pile 1 melted down, radioactive iodine spread throughout the
countryside, requiring milk supplies to be withdrawn. Other dangerous radioactive
isotopes laced the region. Of course, the nuclear industry played dewn the danger as
unexceptional and controllable, and painted the Windscale Works as important to
the tourist trade, “attractively planned and maintained as most modern factories,”
and successfully blotting out the old explosives factories from the horizon.?3

SOCIALIST INDUSTRY BEFORE ATOMMASH

“Socialist industry” meant more than vast quantities of concrete. It meant serial
production of larger and larger capacity machinery and equipment, replicated across
eight times zones. For all of the Soviet Union, there were six basic apartment build-
ing styles, a handful of frames with interchangeable bodies for dump trucks, garbage
trucks, and troop carriers, a one-volume discussion of the architecture of highways,
and a two-volume construction manual for nuclear power stations, yet little sense
that construction techniques or components ought to be different for highways,
apartment buildings, and reactors. Socialist industry required centralized determi-
nation of standards for the entire nation for all building materials—piping, conduit,
pumps, turbines—by bureaucrats sitting in the State Committee on Standards, the
State Committee on Construction, and other Moscow organizations. In every case,
the predominating philosophy was to increase industrial production in terms of
gross output. The bureaucrats had an overriding fascination with economies of
scale, not only because of the desire to cut production costs, but also because of their
proclivity to push Soviet industry to hurtle from modest innovation to prototype to
industrial production to fulfilled target plans. One enterprise often produced all
the large-capacity machinery for the entire nation; for example, Elektrosila pro-
vided huge turbogenerators for the hydropower industry and the Kharkiv Turbine
Factory made the 500-megawatt turbines that were powered by the VVER and
RBMK reactors. Other massive engineering organizations were the sole source of
expertise: for example, Giproproekt directed water melioration projects from the
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Volga to the Amur. It should come as no surprise that Soviet economic planners and
engineers attempted to create a single enterprise to produce reactors for the nuclear
power industry in a serial fashion.

It was a vicious circle. Centralization, premature standardization, and fascina-
tion with economies of scale contributed to the domination of an entire industry by
one firm. And these giant firms served the huge construction trusts that built the
apartments, dams, oil fields, railroads, and highways spreading throughout the Soviet
Union. Only the fall of the Soviet empire put an end to the great momentum that
these massive systems of technology acquired and removed from them the vast
resources they commanded. Take the case of Elektrosila, one of the largest electri-
cal motor and component enterprises in the world. Elektrosila grew from prerevo-
lutionary roots. It manufactured a 500-kilowatt generator in 1923; but, by 1927, it
produced a 7,000-kilowatt hydrogenerator for the Volkhovskaia hydropower sta-
tion. Although its engineers learned a great deal from the experience of building
Volkhovskaia, they required technical assistance from General Electric, which in-
cluded the purchase of technical specifications and four generators as well as train-
ing on site in Schenectady, New York. They believed this limited experience pre-
pared them to power up for the Dnepr hydropower station (known as DneproGES
or Dneprostroi). DneproGES, the first major construction project of Stalin’s indus-
trialization effort, served as a paradigm for melding unskilled workers into capable,
but inefficient, construction organizations through coercion, political indoctrina-
tion, and exhortation.?* Rather than General Electric’s twenty-two types of turbo-
generators ranging in power from 10,000 to 100,000 kilowatts, Soviet engineers
suddenly decided to move immediately to the serial production of just four genera-
tors, rated at 12,000, 25,000, 50,000, and 100,000 kilowatts. Work with Siemens,
Metropolitan-Vickers, and other European firms was also crucial to the develop-
ment of Soviet turbogenerators.?

Stalin then decided to go it alone, to build “socialism in one country.” Foreign
engineers came under suspicion as spies and wreckers, a large number were ar-
rested, and many fled the country. This left Elektrosila engineers alone in the pur-
suit of higher capacities and efficiencies, aided only by what documents and infor-
mation secret police agents who manned the euphemistic “Bureaus of Science and
Technology” in European embassies and the United States could steal or acquire
through espionage. Stalin’s faith in Elektrosila was rewarded. The factory turned
out 123,500-kilowatt generators in the 1950s, and 500-, 800-, 1,000-, and then
1,200-megawatt generators by the late 1960s. It supplied virtually the entire Soviet
hydroelectric power industry single-handedly. By 1993, fifty-four 500-megawatt
and twenty-two 800-megawatt turbogenerators had been built. In a display of
gigantomania reminiscent of the Stalin era, engineers hoped to produce 3,000- to
4,000-megawatt turbogenerators based on superconducting magnets. A limit on
transportability and efficiency of turbogenerators precluded the development of
even larger ones. A special railroad flatbed car with twenty-eight axles and a capac-
ity rated at 360 tons had to be built to carry the massive generators from Elektro-
sila’s foundries into the Soviet countryside.?®



Nuclear Concrete 95 I

Just as Elektrosila and its massive turbogenerators were inevitable in the hydro-
electric power industry, given this approach to technological development, Atom-
mash was the logical step for the nuclear industry. Atommash was intended to pro-
duce eight pressure vessels and associated equipment annually for the VVER-1000
reactor. Factory engineers and directors planned eventually to produce 1,500-
megawatt PWRs, 800-megawatt breeder reactors, and fusion devices in serial fash-
ion at Atommash. Industry on this scale was a huge undertaking, even for the Soviet
Union. Situated on the Volga not far from Tsimlianskoe Lake, the site was perfect:
close to the Donbas region with its metallurgical and machine building industries;
near the Tsimlianskaia hydroelectric power station, a source of cheap energy; on
the Volga-Don canal, which ensured easy water transport of the finished product
through the Don and the Volga rivers to the Baltic or through the Azov and Black
seas to the Danube and the Mediterranean. The 1,200-ton weight of each reactor
vessel made truck or rail transport impossible. A special monorail was built to bring
the reactors from the factory to the barges. Similar rail facilities would have to be
built from shore to whatever final resting places were chosen for finished reactors.?”

The selection of a site for Atommash near Tsimlianskoe was a decision based
on antecedents of history, geography, and technological style dating to the Stalin era.
Like the nuclear power industry after it, the hydropower industry employed thou-
sands of workers ill-prepared to deal with high technology; it turned prematurely to
serial production of components, prefabricated concrete forms, and equipment; and
it did not tolerate obstacles to plan fulfillment. For Stalin and the hydropower in-
dustry, the obstacles included perceived failings among humans or in nature, which
too would have to be crushed like an “enemy of the people.” Stalin claimed that cap-
italism prevented rational utilization of natural resources. Too many small land-
owners each sought to maximize profits from exploitation of land, water, mineral,
and other rights. The resulting competition wasted resources, enriched few at the
expense of many, and precluded efficient large-scale scientific management. In the
Soviet Union, state ownership of property allowed utilization of large-scale tech-
nologies that extended to the horizon, not merely to tame, but to transform nature.

Starting from a series of smaller dams and canals, Soviet hydrologists, geolo-
gists, and planners designed an increasingly grandiose network of water manage-
ment projects with a threefold purpose: connect the major rivers of Russia and
Ukraine for inland transport; generate hydroelectricity to power the industrializa-
tion effort; and store water for irrigation in the southern steppe regions that have
rich soil but low annual rainfall. Exploitation was the name of this Soviet game. The
hydroelectric power stations of the late Stalin period resulted in tremendous human
dislocation and submerged thousands of square miles of towns, homes, cemeteries,
farmlands, and forests, without a thought about their human, cultural, and histori-
cal importance. Persons who had lived for generations in one place were moved into
unfamiliar, poorly constructed prefab homes and saw their churches and town cen-
ters submerged. 28

The construction of hydroelectric power stations during Stalin’s first five year
plan of forced industrialization and collectivization was a prelude to geoengineering
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on a vast scale. Including DneproGES, the party built ten new stations, totaling
345,000 kilowatts of capacity by 1933. During the second five year plan (through
1938), another 745,000 kilowatts of capacity was added; and on the eve of World
War II, over ten percent of the country’s electrical energy was now generated by
hydropower, mostly on the Volga, Don, and Dnepr rivers. The thirty-seven stations
built from 1928 to 1941 had a total capacity of 1.5 million kilowatts. The Nazi in-
vasion put an end to this period of uninterrupted growth. The Soviet Union lost
twenty million people during the war. Most of Ukraine, with its high concentration
of agriculture and industry (including many hydropower stations), fell to the Nazis.
The Germans destroyed the stations whenever they could, taking special glee in
dynamiting DneproGES to demonstrate what they thought of Bolshevik revolution-
ary symbolism.

Postwar reconstruction not only was a monument to Stalin but also was con-
sciously intended to utilize dams and canals to transform nature itself. In five years,
construction trusts built thirty hydroelectric power stations on the Volga, Don,
Dnepr, and Syr-Darya rivers, forever changing the face of European Russia and
Ukraine. They began the same transformative process in the Ural, Caucasus,
and Central Asian regions. A series of government resolutions in 1950 called for the
construction of the massive Stalingradskaia, Kakhovskaia, and Kuibyshevskaia
hydropower stations. The Kuibyshev facility, at 1.5 million kilowatts, was the larg-
est in the world at that time, with hundreds of miles of canals and hundreds of thou-
sands of miles of irrigation channels. Each European river would be tamed to serve
energy, transport, or irrigation needs.?? (Siberian rivers fell to hydroengineers dur-
ing the Khrushchev and Brezhnev eras, their waters driving massive stations that
would have made Stalin envious; for example, the 4,500-megawatt Bratskaia station
had sixteen 225-megawatt turbogenerators and two 250-megawatt turbogenera-
tors.) In theory, these great projects of the Stalin era served the people; in practice,
they served the center. A lion’s share of the benefit—electricity generated, goods
and services transported, food produced—went to Moscow-region inhabitants and
to the central Party apparatus in particular.

This unparalleled postwar reconstruction of nature was known as the “Big
Volga” project. Big Volga served as a model both for future large-scale economic
development projects and for the overriding interest in “proletarian aesthetics.”
Proletarian aesthetics grew out of the headlong pursuit of all-union standards to
achieve economic ends. At all construction sites, for every kind of technology, re-
gardless of meteorological and geological circumstances, engineers sought standard-
ization to keep costs low and accelerate the pace of construction. If a state commit-
tee approved standards for the thickness of pipe or the specific weight of cement,
then the local engineer could no longer be held responsible for failure to meet tar-
gets. Once a standard had been approved, that item found universal application in
dozens of industries—the same piping was used for sewage and for high-pressure
gas pipelines that crossed fragile Arctic tundra, for example. Another source of pro-
letarian aesthetics was the ideology of the egalitarian workers’ state. There was no
need for anyone to live in an apartment with high ceilings and modern fixtures,
when mass-produced concrete slabs could serve as building blocks for buildings
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from Lviv to Vladivostok. To be sure, proletarian aesthetics enabled the state to pro-
vide housing for millions of people in a nation that had always struggled with
poverty. Unfortunately, proletarian aesthetics was manifested not only in dams, and
in more ordinary technologies such as automobiles that had no safety and pollution
control equipment, but also in nuclear reactors, with their potential for catastrophic
accidents.

Canals were another important cog in the machine of Soviet environmental
management; and a Big Volga canal was crucial to the success of Atommash. Engi-
neers built seven canals before World War 11, including the infamous Belomor, the
White Sea-Baltic Canal, assembled by hand by thousands of political prisoners
equipped only with picks and shovels. Many of the workers perished in the exercise.
Engineers built another seven canals from 1946 to 1960, and twenty-two more by
1980.%° The goal of the Volga-Don canal was to unite all the great rivers of the Euro-
pean USSR, primarily through the tributaries of the Volga: the Kama, Oka, Viatka,
and Belaia rivers. These canals would join all major ports—Moscow, Leningrad,
Belomorsk, laraslavl, Kuibyshev, Saratov, Stalingrad—in one giant waterway.>!

In building the Volga-Don canal, 152 million cubic meters of earth were exca-
vated, 57 million cubic meters of concrete and reinforced concrete were poured, and
45,000 tons of metal devices and mechanisms were employed. Construction was
faster, the sources claim, than any effort the West could muster, and more mecha-
nized, too, using 900 graders, 300 bulldozers, and 350 excavators—including sev-
eral Soviet monsters with a bucket capacity of fourteen cubic meters—three dozen
suction dredges, and thousands of trucks, tractors, cranes, and winches.?? The uni-
tary water transport system once again disproportionately benefited the political
elite. Manufactured goods from the Volga; bread, coal, and iron from the Don; Azov
fish in newly built freezer carriers, all wound their way to Moscow. On the Don
river, the Tsimlianskaia dam was built to keep water high year round for shipping
and to serve irrigation needs in the sunny steppe regions located along each bank.
By 1951, the “Spark” and “II’ich’s Legacy” collective farms had drawn off the first
water some 70 kilometers into the steppe.?® All the necessary preconditions were in
place for Atommash: a head-long rush to serial production of large-scale technolo-
gies, a belief that technology should be used to overcome the mistakes of nature,
ample quantities of electrical energy, and a well-developed inland water transporta-
tion system to carry the finished units away by barge.

“LET THE ATOM BE A WORKER, NOT A SOLDIER”

Atommash consisted of three main buildings and a structure for workshops,
machine tools, and experimental facilities for assembling the special machines need-
ed to run the factory. To accommodate uninterrupted material and production
flows, the buildings grew to unprecedented size. The main foundry, building 1, was
770 x 400 meters. It covered over seventy acres and was filled to the brim with
presses, stamping machines, and one-of-a-kind equipment. Steel billets up to 160 met-
ric tons would be carried by overhead cranes to some of the largest boring and milling
machines ever built, machines used in the manufacture of 800-ton pressure vessels.
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Building 2 was 500 x 350 meters and covered forty-one acres. It was for production
of operation and control equipment of high sensitivity and accuracy. “Nuclear
purity” was ensured through temperature, humidity, and other controls. Building 3
stretched to a modest 6.5 acres and was filled with various nonstandard equipment
for repair of Atommash equipment.?* In three forty-two-meter bays of the main
building, reactors were built; and in two thirty-meter bays, steam generators and
separators. The Iuzhstalkonstruktsiia Trust was responsible for building concrete
highways that stretched into the steppe. Workers used massive excavators to prepare
the foundation pit and giant cement pumps to pour the foundations.

Of course, to build the reactors, unique equipment was required: presses with
a capacity of 15,000 tons; steel-bending devices capable of handling steel rods over
250 millimeters in diameter; five-meter diameter forges standing near tanks eigh-
teen meters deep; powerful cranes each rated at 1,200 tons; and dozens of smaller
bridge cranes with a total capacity of 12,000 tons. Each of these machines in turn
had to be reliable and strong. The goal was to have the factory up and running on
the eve of the sixtieth anniversary of the revolution in October 1977, with the first
reactor leaving the plant by the end of the tenth five year plan (1980). In theory,
each reactor vessel required three years to build, during which time it would move
through a factory, itself three-quarters of a kilometer long, over a production path
that was nearly ten kilometers long and involved a series of complex operations.
Fortunately, Iuzhstalkonstruktsiia had experience in such massive undertakings,
having built the KamAZ truck plant in Tolyatti, which was similar in size. The
Tolyatti plant required special conveyors and other equipment, employed prefabri-
cated forms, and turned out millions of trucks for military and civilian purposes in
the Brezhnev era.®

Volgodonsk was one of the first towns of Stalin’s great postwar reconstruction
effort. It was the site of the equipment park for the Tsimlianskaia hydropower sta-
tion. In 1958, Volgodonsk experienced its first rebirth in a spurt of growth con-
nected with the construction of one of the largest chemical factories in the south of
the nation. This was the period of Khrushchev’s insistence on the “chemicalization
of agriculture.” Then, beginning with Atommash’s construction in 1974, Volgo-
donsk was reborn again with the construction of a massive boiler, a cement plant,
a sawmiill, and a new city of five-, ten-, and sixteen-story apartment buildings. Next
to Atommash itself, all this other construction seemed rather modest. Hundreds of
letters poured into Volgodonsk every day from workers who desired employment in
this factory of factories. Many were highly qualified metal workers or carpenters,
others were young and inexperienced recruits, but saw Atommash as a stepping
stone to a new apartment, or a ticket out of the countryside; and the true believers
embraced the official line about the glory of Atommash and its role in realizing the
great watchword of the Bolsheviks: “Communism is Soviet power plus electrifica-
tion of the entire country.” Atommash attracted veterans and heroes of labor from
the Volga-Don canal and the Tsimlianskaia hydropower station. In 1954, there were
2,500 residents in Volgodonsk, and on January 1, 1976, the city had 36,500 inhab-
itants; but only two years later, there were over 100,000 residents there, placing it
beyond the vaunted census category of “small town”, with access to higher political
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and economic organizations and officials. Of the 100,000 residents, 73,000 were
workers, the largest number of them in construction; for example, Volgodonsken-
ergstroi, a new trust brought together to assemble the city, had 27,000 employees.
In 1975, the average age of the residents was thirty-two; but by 1978, it was only
twenty-three years.

At one time, a bay sat at the very outskirts of Volgodonsk, and beyond the bay
lay the steppe. But the city grew around its shores, so that the bay merely divided
the city into two parts. The old part of the city was a mere thirty years old, and the
new part, about five years young. The somewhat musty smell of the bay often filled
the air. The first apartment buildings of the new town went up along Twenty-Fifth
Party Congress Prospect. Along Kurchatov Prospect, apartment construction began
to reach into the steppe itself.?%

Could the “most advanced technology” in the nation be produced in a factory
staffed with workers hampered by raw youth, rote education, and middling initia-
tive? Atommash directors strove to build reliable reactors by training workers to be
specialists in one of a series of narrower tasks required in their production; for ex-
ample, workers would be trained in welding and then be designated, no doubt pre-
maturely, “engineers.” The directors also sought to improve the workers’ skills by
bringing scientists, engineers, and workers together in a number of different forums.
Since the late 1920s, workers in Soviet factories and scientists in research institutes
had been engaged in exchanges of expertise; the goal was to bring modern science,
technology, and production together under one roof. Atommash sent many of its
employees to the Zhdanov Izhorsk Factory, the Ordzhonikidze Podolsk Machine-
building Factory, the Leningrad Metallurgical Factory, and other enterprises of the
Ministry of Energy Machinery Building to learn welding and assembly skills needed
for manufacturing the huge reactor vessels.

In the effort to inject some kind of youthful thinking and innovative expertise
into science and technology generally, the Communist Youth League (Komsomol)
established a series of special councils across the nation to assist enterprise mana-
gers and institute directors in achieving their goals. For Atommash, the Komsomol’s
Council of Young Scientists created a special coordinating center that imported spe-
cialists from the Bauman Moscow Higher Techmical School, the Moscow-based Ener-
giia scientific production organization, the Novocherkassk Polytechnical Institute,
the Central Scientific Research Institute of the Technology of Machine Building,
and the North Caucasus Scientific Center. During the periodic visits arranged by
the Komsomol council, nuclear engineers lectured workers, conducted experiments,
and helped solve pressing production problems. Bureaucratic obstacles between edu-
cational, scientific, and production ministries often prevented this kind of exchange
program from achieving significant long-term results. At Atommash, too, the ex-
change program had only limited impact and involved too few leading personnel.

In the other direction, about 600 Atommash engineers were sent to study at
various technical institutes. One of these sites was the Moscow Energy Institute,
where a new field of study, “Materials and Technology of Nuclear Electrical Appa-
ratus,” had been created. The caliber of the training was not that of the program
offered at, say, the Oak Ridge School of Reactor Technology, which was established
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in the mid-1950s to fill the ranks of nuclear engineers for America’s nascent nuclear
industry. At best, many of the new engineers became accomplished metallurgists,
because they were always more interested in the production process than in mas-
tering nuclear physics.

A leading fusion specialist from the Kurchatov Institute, Evgenii Velikhov, was
central to the activities of the Komsomol coordinating center. With nuclear scien-
tists from the other institutes, he set up special courses to train Atommash engi-
neers. In the late 1970s, the coordinating committee strongly recommended that
Atommash engineers develop a computer network with expert system software—
known in Soviet parlance as an automated management system—to bring Atom-
mash on line.*” The drive to create these systems to improve production in enter-
prises of all branches of industry turned out to be yet another example of failure to
bring about reform from above. The desire to control computer hardware and soft-
ware and prevent any uses that might contribute to freer exchange of ideas pre-
cluded the development of anything resembling the vital computer culture that
developed in the West.

Because it seemed to be more efficient to train engineers on the premises than
to send them to Moscow and thereby lose their labor, Atommash officials set out to
establish three technical schools in Volgodonsk. Only one of them had opened by
1979. Tt trained specialists to use robotic welding machines instead of the hand-
operated blowtorches familiar to most employees. Other important specialties
included heat engineering, material science, and welding materials (flux and elec-
trodes). Unfortunately, only one institute in the country, Kiev Polytechnical Insti-
tute, trained persons in the use of welding materials; and only 100 individuals grad-
uated with this honorable specialization annually. These graduates were coveted
by machine building factories throughout the country. But most wished to remain
in Kiev, because Kiev was the site of the Paton Institute of Welding, an institute of
the Ukrainian Academy of Sciences under the direct rule of Academy president
Boris Paton. It was considered to be a relatively plush place to work. Gosplan (the
State Planning Administration) and Minvuz (the Ministry of Higher Education)
remained to be convinced that other departments of welding science ought to be
opened elsewhere. The provincial Communist Party organizations in Rostov and
Leningrad joined the Volgodonsk city Communist Party organization in the call to
establish regular, evening, and correspondence classes at nearby Novocherkassk
Polytechnical Institute in welding. Better still, thought Atommash director V. Per-
shin, it was time to launch a higher technical school that was closely tied to Atom-
mash, on the model of those connected with the Leningrad Metallurgical Factory or
Rostselmash, an agricultural machinery complex. The notion of a welder trained by
correspondence to build nuclear reactor vessels apparently never seemed absurd to
the party officials. Atommash was extraordinary, not because of what it produced,
but because the Soviets had managed to build it. Whatever the successes of turning
out highly qualified specialists, Atommash was, in Pershin’s mind, “not only a fu-
ture enterprise, but an enterprise of the future.”38

In addition to providing special training for workers, the planners wanted the
Atommash production lines—if not the foundries themselves—to be put on a
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“strong scientific foundation.” Hence, production would be strictly controlled by
using modern defectoscopy and other equipment based on radioactive tracers and
sensors. The factory employed X-ray chambers and linear accelerators for detect-
ing the tiniest imperfection or fissure in steel. Atommash managers contended they
would dispose of even a forty-ton part that cost 90,000 rubles rather than risk using
a weak link in a very crucial chain. Like Soviet citizens near any facility connected
with the nuclear energy industry, some Volgodonsk inhabitants worried that the
plant must be building some kind of nuclear bombs. But in the minds of managers,
planners, and engineers, this was a machine building factory, pure and simple—ex-
cept with unprecedented power. Were Atommash to meet its targets, then it would
produce enough reactors, steam generators, and other equipment to turn out in the
eleventh five year plan (1981-1985) alone 24-25 million kilowatts of nuclear power
capacity. To show the peaceful intent of their endeavor, the managers hung a por-
trait of Niels Bohr in the main laboratory. What would he have thought of that?3?

Atommash had some early successes. It manufactured the vacuum chamber tor-
roidal doughnut for the T-15 fusion reactor at the Kurchatov Institute; at 6 meters
high, 11 meters in diameter, and 120 tons, this was no mean feat.*? Velikhov had
gotten something for his efforts. In addition to equipment for the T-15, Atommash
directors unwillingly accepted responsibility for building reactor vessels for munic-
ipal nuclear heating stations (known as AST). They were reluctant because this
job was just more responsibility to handle while they were still struggling to master
the first. The directors were told that AST technology was just as important to the
country from an economic point of view as the PWRs were. The flagship of AST
reactors was built in Gorky. The 500-megawatt boiler was to be manufactured in the
Izhorskii Factory, but it became the headache of Atommash when the Izhorskii Fac-
tory failed in its charge. That failure to fulfill its task ahead of schedule—the pro-
duction of a huge airtight vessel with welding and other technological challenges—
should have been a hint of the misfortunes that would later befall Atommash. Even
after creating a special facility for the AST-500, Atommash managers had to wait
repeatedly for technical drawings from their engineering and welding departments.
The engineers failed to test prototypes under laboratory conditions. The main prob-
lem occurred during fabrication, because the vessel always deformed either in the
rolling mills or after anticorrosion treatment. Atommash directors faced criticism
for failing to take its production seriously, until the day they floated the reactor ves-
sel up the Volga to Gorky.*!

Yes, Atommash was ordinary, and its ordinariness was of the Soviet garden
variety: high labor turnover, inadequate sotskultbyt, failure to come within years of
plan targets, and resistance of the directors to accept additional production respon-
sibilities. Beginning in 1978, workers started leaving in droves. The major reason,
as usual, was the absence of housing. Housing construction lagged at least three
years behind schedule, so almost 20,000 workers lived in shabby dormitories. Vol-
godonsk had no social services, few stores, or schools—one of three children waited
for a place in kindergarten. Atommash workers seemed not to mind working ten
days in a row, but they felt shame at having to stand in line for the simplest of
things. Another problem was that, given the youth of the workers, many had an
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interest in the opposite sex and in families, but fewer than thirty percent of them
were women. The energy and construction industries remained the domain of
men.*2 Worse still, management had to fire over 1,500 workers in 1981, even though
hundreds more were needed to fill already open positions. But, we are told, as a fac-
tory of the twenty-first century, Atommash could not tolerate imperfection.

Workers also quit because they had nothing to do. Construction lagged terri-
bly. By the summer of 1981, the plant was only one-half complete. The lag, a self-
acknowledged Soviet tradition, added to cost and inefficiency. The expensive, unique
equipment operated at one-quarter capacity. Not only Atommash, but energy facil-
ities around the country suffered from these labor and production problems. The
Ministry of Electrification, already feeling budget pressures of trying to expand oil,
gas, hydropower, and nuclear production at once with inadequate resources, refused
to add to the sotskulthyt fund at any of its sites: Energomash, the Rostov and Bal-
akova atomic power stations, and Atommash. Many Atommash workers could af-
ford cars and motorcycles, and they took long weekends sailing or fishing at the
reservoir to ease their boredom. (The reservoir was seeded with fish because pollu-
tion and overfishing had removed most indigenous species.) Others enjoyed work-
ing on private garden plots. But the lags in factory and housing construction fore-
shadowed disclosures of mismanagement and then disaster.*3

Comrade Ivanitskii, the Party secretary of the Rostov province Party commit-
tee, had great hopes for the success of Atommash. He noted that the factory would
play a crucial role in answering the call of the twenty-fifth Party congress in 1976
to bring thirteen to fifteen gigawatts of atomic energy on line in the new five year
plan. His fiefdom now included the largest assembly line in the world. He proudly
acknowledged the designation of the project a national Komsomol project, with
the result that tens of thousands of young laborers joined senior workers of the
construction trusts in “shock work.” Teachers, doctors, service and trade people
were also needed. So Ivanitskii promised them that in the coming year about
200,000 square meters of housing would be finished, with six kindergartens, two
schools, thirty stores, five cafes, a hospital, a polyclinic, and an airport with direct
flights to Moscow. This promise flew in the face of his knowledge that the state acqui-
sition agency, Gossnab, had failed to deliver funds for over 150 different presses, fur-
naces, and bridge cranes—and the shortage of workers had become an epidemic.**

A series of articles in the major journal of Party economic and ideological acti-
vism, Partiinaia zhizn’, underlined the difficult challenges Atommash managers
faced in getting the massive plant up and running. The usual proclamations pro-
tested success. By 1979, 418 million rubles had been spent. More than 2,500 Party
members toiled in the factory, giving its organization the rights and privileges of a
district committee (Raikom). Brezhnev himself sent a “letter of greetings” on the
occasion of the first deadlines being met in December 1978. The local Party offi-
cials acknowledged that Brezhnev’s “unforgettable and moving books, Vozrozhdenie
(Revival) and Tselina (Virgin Lands),” enabled them to keep the main goals of the
Party and Atommash itself in mind. The books inspired them to adopt two cam-
paigns to hold the workers’ attention. One was called “Work without leaving any-
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one behind,” a reasonable, if obvious goal. The other was the “Labor Relay,” where
the workers of several factories were tied together like a “technological link” in the
production of a given product and pledged high quality, ahead-of-schedule fulfill-
ment of plans.*> Having neither the coercive power of the Stalin era nor any mater-
1al incentives, the Party’s exhortations, campaigns, and relays fell short on all counts.

By the early 1980s, it was clear that the plant was not operating well. Labor pro-
ductivity remained dreadfully low; new processes and technologies were introduced
at a snail’s pace, if at all; even the special equipment for the plant, and the special
equipment to build the special equipment for the plant, was slow in being produced.
According to official sources, the Volgodonskenergostroi trust that had been formed
from Iuzhstalkonstruktsiia was systematically violating construction norms and
“frequently turned over facilities with major portions unfinished.” Paperwork was
sloppy, so it was hard to track what had been done, what remained to be done, and
where bottlenecks were worst. There were also many accidents,*® and perhaps even
fatalities.

The hallowed place of concrete in Soviet history notwithstanding, they could
not even get the right mixture for Atommash. According to technical specifications,
Volgodonskenergostroi was supposed to use coarse, not fine sand. The State Com-
mittee on Standards forbade the small size, because the quality of concrete is higher
if gravel is used. Furthermore, the use of finer sand requires the addition of thirty
percent more concrete to the cement. Volgodonskenergostroi ended up using an ex-
tra 100,000 tons of cement in three years because they used fine sand. Their moti-
vations for this practice are baffling, because coarse sand was available nearby. All
they would have had to do was dig a sand pit; and then they would have had enough
of the stuff, not only for Atommash, but for the Rostov atomic power station and
other principal construction projects. In fact, Minstroimash of the Russian Repub-
lic was supposed to build the pit with funds transferred from MinenergoSSSR. But
10 one in any bureaucracy could manage to sign the necessary papers. The story
remained the same through the mid-1980s at a great cost in rubles and in lower
quality concrete.

During the interregnum between Brezhnev’s death and Gorbachev’s rise to
power, Soviet leadership was preoccupied with the problem of “labor discipline,”
which it saw as the source of the endemic difficulties that plagued even priority
industries such as Atommash. In the view of Iurii Andropov, general secretary for
a brief fourteen months until his death in 1984, the Soviet Union’s stagnating
industrial production and the consistent failure of its agriculture were caused by
lazy workers and managers, poor labor discipline, and alcoholism. Apparently, they
had nothing to do with an outmoded economic system that had successfully turned
a backward agrarian economy into an industrial power but now appeared incapable
of innovation, stifled initiative, and appealed only to proletarian aesthetics. Andro-
pov and the Central Committee could not admit that the Soviet worker was merely
responding as expected to low wages, poor sotskulthyt, and a monotonous life. So
when Atommash and Volgodonsk continued to lag years behind targets, Party lead-
ership took its managers to task for “gross violations of labor discipline.” To be sure,
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there had been serious accidents, and cables, pipes, and phone lines constantly
broke or failed. The directors had lied when they claimed the first reactor was com-
pleted in 1981, for in 1982 it was still only partially complete.

Viktor Dolgikh, candidate member of the Politburo and secretary of the Central
Committee, attended an aktiv of the Volgodonsk city Party committee in July 1983,
a meeting publicized in Pravda to signal Andropov’s approach to lagging industrial
production. The selection of Dolgikh to run the operation followed the Soviet tra-
dition of moving successful people out of one industrial enterprise into a new en-
deavor, as Zaveniagin, Rapoport, and countless others had been. Dolgikh had been
a successful manager at Norilsk, the major Soviet nickel and platinum facility in
northern Siberia. His arrival at the aktiv signaled clearly that some one was on his
way out. Indeed, Ignatii Novikov, the chairman of the State Committee on Con-
struction, Gosstroi, suddenly retired. Dolgikh pointed to problems of idle produc-
tion, confusion, and high turnover and absenteeism (the loss of 7,000 man-days in
the first quarter of 1981 alone; the arrival of 5,000 new workers accompanied by the
departure of 3,000 others). Furthermore, deliveries of cement, timber, steel, and de-
sign drawings had always lagged significantly behind schedule.*

The assembled throng followed Dolgikh’s lead in criticizing the pace of con-
struction both of Atommash and of the social, cultural, and consumer services in-
cluding apartments that were supposed to house the burgeoning labor force. Dol-
gikh made certain each participant of the aktiv recalled the comments Andropov
made at a plenary session of the Central Committee in June about the central role
of fission and fusion in the country’s energy future. Atommash had to become the
flagship of this vital sector. Dolgikh noted that production capacity lagged well
behind plans, new technologies were slow to be assimilated, and training of work-
ers had fallen well short of goals. Worse still, the guality of construction, whether at
the factory or in apartment buildings, was inadequate.*” The aktiv concluded by dis-
missing the director of Atommash and rebuking senior Ministry of Energy officials.

In fact, there were far more serious problems. Slowly, by rumor and word of
mouth, the truth leaked out. Soviet officialdom finally had to acknowledge that from
its first stages of construction, Atommash was doomed to failure. It had been built
too close to the shores of the lake that backed up behind the Tsimlianskaia dam.
Engineering organizations employing trained hydrologists had somehow failed to
take into account a rise in groundwater associated with Stalin’s waterworks along
the Volga. Atommash’s main foundry was slowly sinking into the muck, and an
entire wall of the building had collapsed. Only three pressure vessels were ever pro-
duced by a facility intended to spit out eight annually. And that is the story of nu-
clear concrete.

The authorities learned nothing from the Atommash failures. They had planned
to install the first VVERS that rolled off the assembly line at sites located seven miles
from Rostov and twenty miles from Volgodonsk. These installations would have
given them the opportunity to perfect methods of transport. But like Atommash
itself, they built the Rostov atomic energy site on water-saturated, unstable ground.
They failed to prepare the foundations adequately to take the multithousand ton
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weight of buildings, containment vessels, and reactor units. In the years before the
Atommash debacle, the walls and floors of Rostov factory and apartment buildings
had cracked and settled. The officials overlooked the great costs an accident would
have for the fertile black soil regions of the lower Don River basin. They spent mil-
lions of rubles on the Rostov facility, then had to close it in the face of public oppo-
sition. They could have spent money on refurbishing old fossil fuel boilers. Irra-
tionally, Soviet investment policy always emphasized new capital, not repair and
upkeep. When gas and oil from the North Caucasus went into short supply, and
other atomic power stations could not meet the demand of the region, the authori-
ties had no choice but to fill such dinosaurs as the Novocherkassk heating station
with low grade coal. It puffed along to meet local energy demand, polluting local
streams and rivers and Kkilling all the fish and crabs; cows there have a life
expectancy of three years. The result of closing the Rostov site and Atommash was
rampant unemployment, followed by a crime wave of unheard-of proportions. Yet
even when they closed the Rostov power station, thousands labored on. Viktor
Mikhailov, the head of MinAtom, had secretly ordered the ministry to spend nearly
200 million rubles on radio, television, and print media propaganda in support of
the station; he also ordered construction to continue in preparation for a 1994 or
1995 opening of the station.”® And like the management at the Seabrook Station in
New Hampshire, they subverted established regulatory policy, never implementing
an evacuation plan capable of handling the millions of residents near the station
who might have to leave in an emergency.

A frightful indicator of the amoral behavior of planners and policy makers is
the fact that Volgodonsk was also the center of an ongoing oncological crisis. In the
last decade of Soviet power, cancer rates increased twenty percent in Rostov and
thirty-two percent in Volgodonsk, versus an already terrifying nine percent increase
for Russia as a whole. Of the thirty largest cities in the USSR, Rostov was at the bot-
tom in terms of natural population growth, and in eighth place, exceeded only by
Central Asian and Caucasian cities, in infant mortality. Its Temernik River is a life-
less monument to Soviet industry, carrying more than 200,000 tons annually of
every kind of filth, garbage, and poison into the Don. Rostov town fathers thought
it an inspiration to build an incinerator on the river shore; one can imagine how
safely the incinerator operates. In the center of town is a chemical factory. Petro-
chemical facilities ring the city. Automobiles clog the streets. So now 130,000 per-
sons suffer from cancer in the region.

Who chose the Rostov station site? Eduard Mustafinov, the main engineer for
the Armenian station just outside of Erevan (a station built on a seismic fault), was
responsible. He arrived at Atommash in 1977. He chose the most economical loca-
tion on the shores of the Tsimlianskoe reservoir, so as not to waste money on canals
and on cooling ponds and towers. His view of nuclear reactors: “A reactor is just a
boiler, and the operator is a simple stoker.” He had no other considerations, either
hydrological or seismic. Like all Soviet economic planners and managers, Mustafi-
nov reasoned that the key to Soviet industrial growth was the growth of electrical
energy capacity and production. Over the last decade of the century, Soviet planners
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intended to add twenty million kilowatts of new capacity, even though they had
never added more than ten million kilowatts in any earlier five year period. In Swe-
den, per capita production of electrical energy was five times that of the Soviet
Union. Nuclear energy seemed to be the only way to raise production. Mustafinov
ignored the time-honored joke about why the Swedish form of socialism and energy
production would not work in Russia: there weren’t enough Swedes in Russia.’!

Atommash was a “project of the century,” an “all-union Komsomol shock-work
project.” The struggle against its “self-destruction” has cost millions of rubles; and
its descent into the muck has stopped the factory at fifty percent completion. Nearly
one-quarter of a million people were drawn to the great project from around the
country. The traditional ministerial tactics of proclaiming a city the next great pro-
ject of the century, of promising modern infrastructure, plumbing, heating, and new
apartments providing everything that every other Soviet city wants in full comple-
ment but does not have, and then delivering only the factory resulted in 30,000 sin-
gle mothers, truancy, juvenile delinquency, homelessness, organized crime, and
murders between youth gangs.>?

QUIET FLOWS THE YOLGA

The impetus to standardize nuclear components is understandable. Constant retro-
fitting to meet ever-changing safety standards left the American nuclear industry
uncompetitive with other forms of power generation. American engineers who
worked at Babcock and Wilcox, Westinghouse, and General Electric lamented their
inability to standardize construction practices. Having assessed the safety and reli-
ability of reactors built with containment vessels, they were certain that they could
employ reinforced concrete forms, turbogenerators, and other equipment of stan-
dard production to rejuvenate the industry. Soviet engineers labored with similar
concerns but different constraints. They were not required to employ containment
vessels; they did not encounter skeptical public scrutiny of their protestations of
safety; they had government endorsement of the effort to embark on serial produc-
tion of nuclear power reactors. Yet the aspiration to produce “nuclear concrete” did
not involve merely the determination of safe and reliable components and materi-
als used in power stations. Nuclear concrete comprised entire construction trusts
engaged in the building of reactors and the towns to house the workers; it was poor
quality construction caused by the same problems that plagued all other Soviet
industries; it was engineers, or even skilled workers, employed to push scientifically
determined norms into the production process; and it was common technologies
and techniques employed in the diffusion of complex technologies.

Not only Atommash experienced this approach—and the infuriating bottle-
necks—during the diffusion of nuclear technology. The actions of Dolgikh and the
Party elite did little to change the situation. Volgodonskenergostroi had a budget of
nearly 200 million rubles in 1984, but an additional 130 to 150 million rubles were
needed annually to rectify the low quality of sotskulthyt. Volgodonskenergostroi had
other things on its mind: construction of three blocks of the Rostov Atomic Power
Station, where sotskulthyt for the workers was no better.”® In addition to the sot-
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The fifth unit of the Novovoronezh Nuclear Power Station, a 1,000-megawatt pressurized-
water reactor, completed in 1980. (Courtesy of Raissa Kuznetsova and the Kurchatov Institute)

skultbyt problem and the sand-cement problem at Rostov, they had built transport
corridors in the reactor blocks thirty-eight centimeters (fifteen inches) lower than
specified in the drawings. The corridors weren’t supposed to be for dwarfs, one boss
complained, and he ordered some workmen with jackhammers to blast the doors
and corridors open and do the job over. Worse still, the steel cask for the reactor
wouldn’t fit. Repairing this error was an expensive and time-consuming endeavor.
No one took responsibility for the 136 serious violations of the project turned up
during a routine inspection,>* an inspection that did not include X-ray analysis of
welds, which no doubt would have turned up cracks, fissures, and potential leaks of
frightening proportions. Could they only produce concrete in the specified quantity
in a timely fashion, but not necessarily in the right dimensions?

As grandiose as the plans for Atommash were, it was still only one of dozens of
major projects being tackled simultaneously by an industry trying to meet past com-
mitments with outdated equipment and workers who did not relish their jobs. Each
year, twenty new Soviet cities and towns arose from the earth, each day one or two
enterprises opened, and each day 9,500 families moved into long-awaited homes. Of
course, Atommash received special attention, but so did the Tolyatti Lada (Fiat)
Automobile Factory, 55,000 kilometers of gas and oil pipelines under construction,
the Ust Ilimsk and Nurek hydropower stations, and the Donetsk and Tiraspolsk tex-
tile factories. Each project ultimately would suffer the consequences of the effort to
solve countrywide large-scale problems with countrywide large-scale solutions.>
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The stories of Izhorsk and Podolsk, Rostov and Balakova, Atommash and Vol-
godonsk are not caricatures. Nor is “nuclear concrete” merely shorthand for an
anecdote. The Soviet system gave rise to an effort unique to the annals of nuclear
power engineering to produce reactors serially. The effort involved typical Soviet
scientists, managers, planners, and workers whose activities revolved around a con-
struction trust with the usual foci of activity: excavation, erection, pouring of con-
crete. Yet in treating Atommash as ordinary in terms of technology to be produced—
although glorious in terms of scale—officials and engineers made a fateful mistake.
The mistake was understandable considering the genesis of Stalinist technological
style. But considering the youthful level of their experience with PWRs, the well-
known poor quality of Soviet technology in most areas of the economy, and the
weak links that abounded in the production process, there can be no doubt that they
hold responsibility for the premature quantum leaps in both the size of reactor units
and the effort to produce them in a factory, and for the disaster that befell the mas-
sive Atommash foundry. It is a blessing that the Soviet Union collapsed, and the
foundations of Atommash with it, before reactor units were loaded onto barges in
the Volga and the Don rivers and installed willy-nilly in the European USSR.



Nuclear Engines:
Technology as Panacea

The main part of the engine was a vertical metal cylinder three meters high

and a half meter in diameter. Menni explained that it was made of osmium, a very
refractory precious metal resembling platinum. It was in this cylinder that the
decomposition of the radioactive material took place. Its red-hot, 20-centimeter thick
walls gave an indication of the enormous energy being released in the process.

— From Aleksandr Bogdanov’s Red Star (1908)

Vadimir Aleksandrovich Malykh never formally finished his higher education.
He does not have a diploma. Yet the nuclear establishment saw to it that he was
given candidate and doctor of science degrees for his work on nuclear reactors at
Obninsk’s Physics Engineering Institute. He was there when the 5,000-kilowatt
channel-graphite reactor came on line in 1954, and he followed this achievement
with the design of the TES-3, a 1,500-kilowatt portable atomic electrical power sta-
tion that could move around on railway flatbed cars or even on tank treads. The
prototype of this “small-size, huge block transportable” reactor was first manu-
factured in Obninsk, Kaluga Province, in 1961. It consisted of four platforms, each
10 meters long and 3.4 meters wide, perfect for barge or railway transport; and it
weighed 360 tons in all, most of the weight being due to the lead and distilled,
borated-water biological shielding, which was 830 millimeters thick. Once installed
at the chosen construction site, the TES-3 moved at speeds of up to eighteen kilo-
meters per hour over terrain with an incline of up to 15°.! The TES-3 made possi-
ble the production of electric energy at any locale, especially north of the Arctic Cir-
cle where Chukchi reindeer herders might take advantage of its portability.

109
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Malykh had come a long way to Obninsk’s Physics Engineering Institute. Born
in Shurtan, a Siberian village without a school or teachers, he learned physics from
hands-on experience as a repair man in a Machine Tractor Station (those equip-
ment parks the Bolsheviks established in collective and state farms in the 1930s, not
so much to provide the peasants with tractors and combines as to ensure political
control over this element of the population, who so hated them). Malykh found his
way from the tractor station to the physics-mathematics department at Moscow
University at the beginning of World War II. Like most able-bodied men, he was
called to active service. He returned after the war to the university as a laboratory
assistant of Aleksandr Savvich Predvoditelev, who became director of the Scientific
Research Institute of Physics at Moscow State University, one of the first special
centers for training engineers and physicists for the USSR’s burgeoning nuclear
research establishment. Malykh’s other professors included Ilya Mikhailovich Frank,
a specialist in high-energy physics and a future Nobel laureate.

In Moscow, Malykh contracted tuberculosis and had to leave the city. He was
sent to the Kaluga pine forests that surround Obninsk. And there, he joined the re-
actor research effort, bringing to physics immodest visions of the application of
nuclear power to change nature, from the Kolsk and Bilibino atomic power stations
of the far north, to the Shevchenko breeder reactor on the Caspian Sea (which pro-
duced electricity and desalinated water), to the TES-3.2 Enthusiasm for the enter-
prise was contagious. S. N. Tarkov, a zoologist from Krasnodar, wrote Kurchatov in
May 1956 with a design for small (thirty-kilowatt!) nuclear motors for use in the
fields of the Soviet Union’s poorly performing collective farms.? Bolshevik scientists
didn’t just fantasize about the future; they made it a reality.

From the first days of the nuclear age, scientists touted applications of nuclear
steam engines—small reactors in airplanes, jets, ships, hydrofoils and submarines,
locomotives and automobiles, and various other mobile power plants. Initially, the
railroad and shipping industries were particularly interested, for they dreamed of
freedom from reliance on diesel and oil depots. Powerful nuclear engines would
enable them to cart freight—ore, coal, oil, and timber—Ilong distances at low cost.
The first and most extensive use of nuclear engines, of course, was for military
hardware; aircraft carriers and submarines could operate for months without refu-
eling. Submarines would not have to surface for the oxygen needed to burn diesel
fuel and would have nearly silent engines, undetectable by the enemy’s sonar. From
the early 1950s, Academy scientists in the Institute of Complex Transportation
Problems also studied technical, economic, volumetric, and weight issues in support
of nuclear shipping.*

The cold war gave considerable momentum to the military’s desire for nuclear
engines, and the certainty of the physicists that they could build the devices quickly
secured extravagant funding. The physicists confidently poured out chapter and
verse on economic and technical parameters indicating that nuclear devices would
outperform internal combustion engines in the near future. For Soviet physicists
like Vladimir Malykh, nothing seemed more logical than using nuclear engines to
overcome the various tricks nature had played on their country, a country with only
one warm-water port in the Black Sea and vast natural resources trapped by ice and
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permafrost in the far north, Siberia, and the far east. Atomic energy would free the
country from the difficult task of shipping fossil fuels into the harsh Siberian win-
ter. The paragon of these efforts was the Lenin icebreaker, which, in spite of tech-
nical problems that delayed its launch, was intended to be only the first of many
ocean-going nuclear-powered vessels that would open the Arctic’s resources to
exploitation. Small nuclear hothouses and power stations would follow the Lenin
into the far north.

The construction of nuclear engines was as much for symbolic and cultural
value as for military and economic purposes. But decades of research and billions of
rubles (not to mention dollars, pounds, marks, and francs) have resulted in human
and environmental costs, for the lure of the atom’s power proved greater than its
reliability and safety. There was no public scrutiny of what lay behind the notable
technical achievements: the ocean floor was being littered with nuclear reactors and
millions of curies of radioactive wastes haphazardly disposed of in the absence of a
real solution to the legacy of nuclear engines. And the economic cost was much
greater, the performance far less stunning than the physicists had anticipated.

THE REVOLUTIONARY SYMBOLISM OF THE NUCLEAR ENGINE

Lenin could not have imagined that the first Soviet nuclear-powered ship, an ice-
breaker, would be named after him. But he was a technological utopian, seeing such
technologies as electricity, irrigation, and the tractor as panaceas for economic
growth and revolutionary change. Electricity would illuminate the shop floor, allow-
ing the worker to toil in a healthy environment to build communism. It would turn
Russia’s rich, but dry soils into fields of grain. The State Electrification Plan was
only the first of many large-scale systems that the Bolsheviks believed would alter
both society and nature for the better. Irrigation would enable agronomists, hand in
hand with the peasant, to revolutionize agriculture, creating a Soviet garden of
plenty. Hydroelectric stations would power agriculture. The tractor would extend
furrows-—and Soviet political control—to the horizon.

Lenin died before his utopian visions came to fruition. But the Lenin cult that
blossomed after his death required that myriad future construction projects bear his
name—from the infamous Lenin Chernobyl Atomic Energy Station, which even
today goes by that name, to the first atomic icebreaker. No doubt Lenin would have
approved of the nuclear engine, which, in the simplest version, was a nuclear reac-
tor to produce heat to boil water to produce steam to turn a turbogenerator to pro-
duce electricity to turn an electric motor. Whether he would have approved of
dumping three spent reactors from the Lenin in the Tsivolka Inlet in the Arctic
Ocean is another matter.

By 1949, physicists at the core of the nuclear bomb project had already dis-
cussed a number of different peaceful applications of nuclear reactors. Their plu-
tonium production reactor worked admirably and generated huge quantities of
thermal energy that might somehow be used to generate electricity. Plans for the
Obninsk reactor were well underway. On top of this, in November of 1953, the
Council of Ministers approved a project to build a powerful icebreaker that could
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open a northern ocean route. As with many other projects involving the develop-
ment of resources north of the Arctic Circle, the icebreaker had prewar roots. In
1932, the Administration of the Northern Shipping Lane was established to look
into the potential for a route from Murmansk to Vladivostok. During World War II,
several diesel icebreakers, including one called Lenin, operated around Dikson
north of the Arctic Circle in the Enesei delta. Stalin himself had great interest in
developing the Arctic, not the least through the use of forced labor. The Gulag
camps dotted the map, and millions of prisoners died opening veins of gold, build-
ing dams, and logging trees. Stalin proposed the construction of New Park in the
Ob delta to tie the far north together with truck convoys. Sadly, building a road
through the tundra was not only expensive but also never-ending because of
damage caused by the frequent hard frosts and thaws. So a decision was made in
May 1947 to develop a 45,000-horsepower icebreaker, which would allow nearly
year-round shipping instead of an overland route. The Leningrad Central Engineer-
ing Bureau 15 under Vasilii Ivanovich Neganov took on the design task. In 1948,
Neganov’s group produced a plan for an icebreaker with four powerful diesel en-
gines. Then the project was placed on the back burner when Bureau 15 was ordered
to build cruiser-class warships instead.

In 1953, just after Stalin’s death, physicists and engineers found a Communist
Party leadership more responsive to their plans to move away from military research
toward various peaceful applications. The Party officials especially wanted to show
that Eisenhower’s Atoms for Peace program was already standard fare in the USSR.
In Moscow, the entrenched foreign policy pronouncements about the inevitability
of war between capitalist and socialist camps were giving way to the concept of
“peaceful coexistence.” Enlightened scientists and policy makers recognized the
potential propaganda coup associated with the peaceful atom. The Lenin had both
technological and symbolic meaning: it would demonstrate the scientific hubris and
peaceful intentions of the Soviet power. Thousands of workers and scientists joined
the effort. By June 1955, the technical aspects of the project had been worked out.>
Engineers were going full speed ahead on the design of nuclear submarines, for
which they were building a land-based prototype reactor. Scientists knew that
similar reactors would easily find successful application in other oceangoing ves-
sels, especially broad-bow icebreakers. Neganov, I. I. Afrikantov (the head of the de-
sign bureau of Factory 92), and Anatolii Aleksandrov joined forces to build the flag-
ship—or rather flag-icebreaker—of the peaceful atom, the Lenin.

In the United States in the same years, Admiral Hyman Rickover forced the
pace of development of the nuclear navy through sheer power of personality. With
dogged certainty that his way of doing things was the only way, he convinced AEC
laboratories and a loose conglomeration of industrial contractors including General
Electric, Electric Boat, and, most important, Westinghouse Electric to develop PWRs,
first for submarines, and then for civilian nuclear power. The Shippingport (Pernn-
sylvania) 60-megawatt reactor was the first civilian nuclear power station in the
United States. In the Soviet Union, because the government was not only contrac-
tor but also owner of all industry, any design, testing, construction, and diffusion of
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the new technology depended on it and on similarly devoted nuclear barons. In this
case, it was Kurchatov’s right-hand man, Aleksandrov. Rather than waste time
creating an industry, he and Kurchatov logically determined that the Kurchatov
Institute would sit at the head of the project, carrying out all preliminary research,
on one of the newly created BESM Soviet computers. This research included the
development of the reactor, the determination of the physical characteristics of the
active zone and biological shielding, and the nature of the fuel elements. Using Kur-
chatov’s contacts in the military and in the Kremlin, they got the right mix of indus-
trial firms—Elektrosila, the Izhorsk Steel Works, and naval facilities—to snap to at
any request.

MR. ATOM: ANATOLII ALEKSANDROV

Anatolii Aleksandrov rode the engine of nuclear-powered submarines and ice-
breakers to the top of the Soviet scientific establishment. He was already well en-
trenched at the center of that establishment when Kurchatov urged him to take on
the task of nuclear propulsion. Aleksandrov was a capable physicist whose fields
of interest included solid state and nuclear physics. His career was blessed with
the appropriate contacts and proper appointments from the start. He was a devoted
communist, reliable bevond doubt concerning his sentiments about the correctness
of the Soviet mission. He became corresponding member of the Academy of Sci-
ences in 1943 and full member in 1953. In spite of noteworthy engineering achieve-
ments, his leadership as president of the Academy from 1975 until 1986 and as a
member of the Communist Party Central Committee from 1965 until 1986, when
he retired at the age of eighty-three, is distinguished by the well-known “stagnation”
of the Brezhnev era. This stagnation in science was the result of significant sup-
port for massive construction projects characteristic of Soviet technological devel-
opment; the ossification of an old-boys’ network controlling scientific resources and
decision making; piecemeal attempts to reform the administration of science; and
an almost haughty attitude toward the public, which was kept in the dark about the
potential dangers of modern science and technology. For all his efforts, Aleksandrov
received three Hero of Socialist Labor awards, eight Lenin prizes, an Order of the
October Revolution, and several other prizes.®

Aleksandrov (1903-1992) was born in Tarashch, Ukraine. His father was a
teacher. For a time after he completed Real School in Kiev, Aleksandrov worked as
an electrician. Simultaneously studying in the physics-mathematics department of
Kiev University, he graduated in 1923. A curious young man, he organized a stu-
dent circle to discuss current developments in atomic physics and pursued corre-
spondence with Ernest Rutherford, whose Cavendish Laboratory in Cambridge,
England stood at the forefront of efforts to understand atomic structure. His letter
went unanswered. A letter from the Rostov-on-Don University student physics
club to Rutherford provoked quite an outburst. Having confused the English and
Russian words for “nucleus” and “cannon balls,” they informed the great man that
he had been elected an honorary member of their club “for having proven that
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atoms have balls.” Rutherford angrily demanded an explanation from Kapitsa, who
happened to be in the Cambridge laboratory at that time and who calmed Ruther-
ford down.

After graduating from the university, Aleksandrov entered the Kiev-based
Roentgen Institute, conducting research on the properties of dielectrics. His first
work was on “High Voltage Polarization in Resin.” This research, and that of his
colleagues, came to the attention of Abram Ioffe just before a conference of the
Russian Association of Physicists, held in Odessa in 1930, the last such conference
before the Communist Party shut down the association. Ioffe sent his colleagues
Nikolai Semenov, Iakov Frenkel, and Igor Kurchatov as an advance group to search
out young talent among Ukrainian scholars and among the 750 participants at the
congress. The congress included a steamship trip to Sevastopol and by car to Yalta
and then Batumi, by which time Aleksandrov and several of his colleagues, over-
whelmed by stories of the vitality of physics research at Ioffe’s institute, had agreed
to transfer to Leningrad. Aleksandrov subsequently invited an entire group of Kiev
Roentgen Institute physicists back to Leningrad to work with him.

Upon arriving in Leningrad, Aleksandrov discovered a hard life. He was with-
out his family at first and slept in a frigid room in the Scholars’ House, shivering
under one blanket. The food was so wretched that he preferred to walk around in
a state of perpetual hunger. Still, Leningrad was the place to be for a physicist. The
city was the center of Soviet culture—its theater, art, and science. Soviet physicists
had built up a series of fine institutes in a matter of years, equipping them with new
instruments and recent journals, and establishing contacts with their colleagues in
the West. There was always something interesting going on. Aleksandrov met Ali-
khanov, Artsimovich, Sinelnikov, Kikoin—all future leaders of Soviet physics. Here
one could engage in cutting-edge research. Nuclear physics commenced under the
leadership of Ioffe’s physicists and at the Radium Institute, which was building a
small cyclotron. At Ioffe’s institute, work on a cyclotron had begun under Kurcha-
tov, Abram Alikhanov, and Dmitrii Efremov (the future minister of the electronics
industry) when war interrupted their preparations. The cyclotron was hurriedly
dismantled and finally installed in Moscow.

Aleksandrov recalled the challenges of physics research in the Stalin era. In
1936, the authorities organized a special session of the Academy of Sciences to crit-
icize Ioffe’s leadership in the physics community and the lag in practical applica-
tions from physics research, including the seemingly foolish pursuit of nuclear re-
search. This was a stunning blow to the authority of physicists and a slap in the face
for Ioffe, for he had resurrected the physics enterprise from the ravages of the war
and revolution to international reputation in such fields as solid state and nuclear
physics. Aleksandrov wrote: “Today it is difficult to imagine that this occurred only
two or three years after the discovery of nuclear fission.”

Aleksandrov’s own work was in the experimental tradition of LFTI, involving
the study of such new materials as polystyrene and other polymers, work that led
to his doctoral degree. He then focused on high-molecular compounds, but his re-
search was cut short by World War II. During the war, like many fiztekhovtsy, Alek-
sandrov undertook research with military applications, developing a method for
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compensating for a ship’s own magnetic field to protect it from triggering magnetic
mines. Aleksandrov had already tested a few of the antimine devices on several
ships when the war broke out. The Navy immediately equipped what few cruisers
they could in the Gulf of Riga with the test devices, and this deployment certainly
saved ships in the short term. Because the Germans were constantly improving their
mines, Aleksandrov worked feverishly to improve the antimine devices, success-
fully testing his new designs in Sevastopol in the spring of 1941. Subsequently, he
inspected their installation under very dangerous conditions: Stalingrad, where the
Germans had installed mines in the Volga River, and blockaded Leningrad. He flew
into Stalingrad just after the Germans had bombed the airfield; it was a wonder the
plane didn’t hit a crater on landing. Aleksandrov traveled to Murmansk in the fall
of 1941 to inspect the devices on the crippled Soviet submarine fleet; he read in the
newspaper in April 1942 that he had received a Stalin prize for this work. Alek-
sandrov’s northward journey introduced the Arctic to him; he would return, or at
least his nuclear-powered icebreakers and reactors would, in the 1950s and 1960s.”

In 1944, just elected a corresponding member of the Academy of Sciences,
Aleksandrov’s career was changed forever when he was called by his long-time
friend, Igor Kurchatov, to participate in the atomic bomb project. Aleksandrov had
not been directly involved in nuclear research, but he was no stranger to the field
because of his personal contacts. He knew Georgii Flerov well. Flerov, now at the
Ioffe institute, had, with Konstantin Petrzhak at the Radium Institute, discovered
the spontaneous fission of uranium. lakov Zeldovich and Iulii Khariton at Institute
of Chemical Physics were also Aleksandrov’s friends. Aleksandrov’s first assign-
ment was to develop the thermal diffusion method of isotope separation in case
other methods—electromagnetic and gaseous diffusion—failed. When Aleksandrov
commenced this work, the German blockade of Leningrad had only recently been
lifted. The city was in ruins; tens of thousands of persons had starved to death; there
was 1no running water, electricity, or heat. Aleksandrov commandeered a locomo-
tive to power his experiments; it sat on the street next to his laboratory.

In 1946, Kurchatov called Aleksandrov to Moscow, where he became Kurcha-
tov’s scientific deputy and worked first on the F-1 reactor project and then at the
plutonium production reactor. It was amazing how quickly the physicists moved
from experiments that measured minute quantities and produced micrograms of
new substances to projects involving huge industrial facilities that produced the
kilograms of materials needed for the atomic bomb project. Of course, Stalin had
ordered the leading representatives of industry—B. L. Vannikov, M. G. Pervukhin,
V. A. Malyshev, A. P. Zaveniagin, and E. P. Slavskii—to facilitate his every need.

Aleksandrov’s next assignment was a bittersweet one. Peter Kapitsa was re-
moved as director of the Institute of Physical Problems (IFP) and placed under house
arrest because of his incessant criticism of the way Beria was handling the bomb
project. Beria selected the reliable Aleksandrov to take over the institute in the mid-
dle of 1946, where he served until 1955. After Stalin’s death, Kapitsa was allowed
to return to his rightful position. Aleksandrov was met coolly, but professionally in
this new position, for he counted among IFPers a number of acquaintances. At IFP,
Aleksandrov supervised the theoreticians Landau, Lifshits, and others who were
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working on calculations for the hydrogen bomb. But he spent most of his time in
factories connected with the bomb project, especially the plutonium production re-
actor, where he joined Dollezhal. For all his travels and responsibilities, he remained
close to Kurchatov. Some time after the Soviets exploded their first bomb, Kurcha-
tov dropped in at IFP. Aleksandrov reminded him of his promise to shave his beard
after the successful detonation. Then and there, they found shaving soap and a
straight edge razor. Kurchatov snipped off the beard before shaving; a long piece
remains in the IFP museum to this day.

After the successful atomic bomb test on August 29, 1949, Aleksandrov was or-
dered to work on atomic engines for submarines and icebreakers. The design tasks
for the submarine were daunting, but the prospect of developing an engine that did
not require huge diesel fuel tanks or oxygen for combustion made this an exciting
quest. In 1956, there were successful land-based tests, then the creation of an atomic
submarine and surface fleet, and finally such honorable achievements as the con-
quering of the North Pole by Soviet submarines and icebreakers. Aleksandrov also
oversaw the design of prototypes for channel-graphite reactors, starting down the
fateful path to Chernobyl.8

During the 1950s and 1960s, Aleksandrov often spent as much time in indus-
trial facilities, busying himself with production problems, as he did at the Kurcha-
tov Institute, where he became director after Kurchatov’s death in 1960. His visits
to factories convinced him of the feasibility of pursuing standardization in many
areas of reactor construction, a goal he pursued with vigor. Under his leadership,
the USSR created a massive atomic energy industry based on principles of serial
production. He displayed great ability as physicist, engineer, and organizer, super-
vising closely the work of other engineers, designers, and material scientists. He
paid attention both to the general aspects of projects and to their details, so that
his associates believed he would always manage to avoid “striking any underwa-
ter objects.” He believed that engineers could design inherently safe technologies.
This is clear in his work on the VVR, SM, and IGR research reactors, as well as on
the VVER and RBMK power reactors. Aleksandrov prodded physicists, engineers,
and industrial managers who fell within his bailiwick to lower reactor capital costs
by producing the components serially, increasing the unit size of the reactors, and
using standard factory and construction industry materials wherever possible. But
he did not avoid hitting one underwater object, the Chernobyl RBMK reactor.

Aleksandrov was the prototypical scientist-administrator of the Brezhnev era.
He was an imposing figure, tall and massive, with a perfectly bald head; and he com-
manded attention in every setting. He espoused the standard view of the role of sci-
ence in “developed socialist society.” During the Khrushchev era, he had shown
impatience with the pseudoscience of Lysenkoism, helping to establish the radiobi-
ological department of the institute (later the Institute of Molecular Genetics, next
door to the Kurchatov Institute). But his subsequent activities and pronouncements
showed a further impatience with novelty and a desire to develop science as stipu-
lated from above rather than by individual initiative, and to reform science by
bureaucratic fiat rather than by the true decentralization of scientific policy that is
required to invigorate scientific research. He viewed science solely as a segment of
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the economy, not as an institution that required special efforts to ensure its pro-
ductivity—including granting greater academic freedom to researchers to choose
their own paths rather than laboring under scientific bosses at huge science insti-
tutes. In this environment, the big science of river diversion, Chernobyl, space, and
metallurgy were paramount, while fields on the cutting edge-—computer science
and technology, genetic engineering, fiber optics—languished with inadequate sup-
port. For the Communist Party, nuclear artifacts were more important than social
programs.®

By the late 1960s, Aleksandrov had set forth the major outlines of the Soviet
energy policy: a gradual decline in the share produced by fossil fuels with a growing
percentage produced by thermal reactors; then the construction of a network of
breeder reactors to utilize and breed more plutonium; and finally the building of
fusion and hybrid fusion-breeder reactors in the early twenty-first century. Alek-
sandrov pushed two major variants of thermal reactors: the channel-graphite RBMK
(based on the plutonium production reactor, with the Obninsk 5,000-kilowatt
reactor (1954) and the Siberian 600,000-kilowatt reactor (1958) as forerunners)
and the VVER pressurized-water reactor (whose design grew out of submarine and
icebreaker reactors and was first utilized at the Novovoronezhskaia atomic power
station).1°

Aleksandrov could refer with impunity to the viability of nuclear power during
its early years, for the Third Communist Party Program, promulgated in 1961,
promised to achieve the glorious communist utopia by 1980. The program was
based in part on the achievements of science and technology, including “the con-
struction of atomic electrical power stations.” Like many Soviet visionaries before
him, Aleksandrov promoted a utopian vision of heavy industry that would expand
rapidly because of cheap and plentiful energy. He never hesitated to recall the roots
of his vision in the Leninist GOELRO plan nor how it reflected the concern of the
Communist Party for the people and an interest in “the growth of their material and
spiritual culture.” At the annual meeting of the Academy of Sciences in February
1962, for example, Aleksandrov touted atomic energy based on huge reactors pro-
duced in serial fashion as a key to economic development and the growth of “mate-
rial culture.”!!

Like many Western nuclear engineers, Aleksandrov made a number of erro-
neous assumptions: that the demand for electrical energy would continue to grow
two to three percent, if not more, annually; that known reserves of fossil fuels would
be exhausted soon; and that the cost of nuclear power would soon be comparable
to that of energy produced by other sources. Believing these assumptions, scientists
wanted first to make nuclear energy reliable and then to lower its costs. Aleksan-
drov claimed that the higher than anticipated costs had nothing to do with insur-
mountable technical problems but were due to a lag in building huge reactors with
standardized equipment. He pointed to the construction of the Novovoronezhskaia
station as evidence that physicists had solved many of the technical problems con-
cerning pressurized-water reactors and to the Beloiarskaia station, being built
under the supervision of Nikolai Dollezhal, as proof of the reliability of the channel-
graphite reactor. However, both were small by present day standards, at ounly
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210,000 kilowatts. Before the monsters of the Chernobyl era would be built, much
work remained to be done.

In his last years as leader of the Soviet scientific establishment, Aleksandrov pro-
posed that nuclear power be used not only for electrical power generation (which,
in the USSR, would reduce the amount of fossil fuels being used by only ten per-
cent) but also for nuclear “thermalization of cities, heating of homes, providing of
heat in technological processes in industrial enterprises, that is, in all regions of
demand of energy resources.” Aleksandrov proudly recommended the construction
of nuclear heating plants within city limits because, although they had higher capi-
tal costs, they would turn out to be cheaper than oil or diesel boilers, would pollute
significantly less, would save hundreds of millions of tons of fossil fuel annually,
and would free freight lines from the burden of coal transport.!?

Aleksandrov was not content to push atomic energy with geopolitical and eco-
nomic arguments. He criticized those who failed to sing his tune, including indus-
trial enterprises that insisted upon seeing atomic energy as “rich women who it is
a sin not to rob. . .. The matter has become laughable. A standard steel staircase,
just because it is destined for an atomic power station, for some reason costs three
times more. It is necessary to stop thinking about equipment for atomic energy sta-
tions as exotic and to specify costs for them more rationally. This is the essential
factor in the struggle for economy. It is time for factories to stop closing gaps in their
finances through extortion of atomic energy.” At the same time, Aleksandrov had
utopian visions for the application of atomic energy. With the atom, “it was possi-
ble to consider problems of grand scale about which earlier it was not even possible
to dream.” Swamps, taiga, ice-blocked rivers, and other impediments to conquering
Siberia’s great resources would give way. In the empty expanse, “gigantic construc-
tion atomic trusts would travel about, leaving in their wake highways, canals to
assimilate the swamps, and . . . even agriculture.” Engineers were already building
a huge station on the shores of the Caspian to desalinate water and create a “fertile
paradise” where once there had been desert. With atomic energy, it would be pos-
sible to create cheaply “microclimates of Sukhumi somewhere in Norilsk or in
Igarka (in the far north),” all within one generation. Whether nuclear engines, pres-
surized-water reactors, channel-graphite reactors, or breeders, in 1,000-, 1,500- or
2,000-megawatt blocks, for the production of electrical energy or heat for industrial
and home-heating purposes, on the Kola peninsula, in Armenia, or in Siberia, for
Aleksandrov and the Soviet scientific establishment, atomic energy had become the
crucial ingredient of technological progress.®

When Alekansandrov referred to geological, industrial, and medical applications
of tracer atoms in diagnostics and therapy, Brezhnev interrupted his speech at the
twenty-fifth Party congress: “Will there be any kind of ‘homb’ against the flu?”
Against a background of tittering in the huge hall, Aleksandrov responded, “The flu?
Leonid Tich, I can answer you straight away that the Institute of Nuclear Physics in
Gatchina together with an institute of Minzdrav [Ministry of Health] developed a
vaccine against flu which has been tested. . .. [T]he question is the industrial pro-
duction of the vaccine. It is necessary to make it triflingly inexpensive.”'* Like the
scientists developing the flu vaccine, Soviet physicists strove to make nuclear power
inexpensive, by moving toward industrial production of nuclear engines.
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Mr. Atom, Anatolii Petrovich Aleksandrov
(in 1984), one of Kurchatov’s deputies.
Director of the Institute of Physical
Problems from 1946 until 1955, deputy
director of the Kurchatov Institute until
1960, then director until his retirement in g
1983. President of the Soviet Academy of
Sciences, 1975 to 1983, and a member of
the Central Committee of the Communist
Party under Leonid Brezhnev. Designer of
nuclear submarine reactors and the RBMK
Chernobyl-type reactor. (Courtesy of Iurii
Lavrov and the Mayor’s office, Severodvirsk, Russia)

The TES-3 portable nuclear power station—
just like a mobile home. The chimney in

the background belongs to another facility.
(Courtesy of Lev Kochetkov and the Physics
Engineering Institute in Obninsk)

The Lenin nuclear icebreaker. (Courtesy of Raissa Kuznetsova and the Kurchatov Institute)
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A RADIOACTIVE LENIN SPREADS GOODWiILL
IN THE ARCTIC

Nuclear-powered ships had significant advantages over diesel- and steam-powered
vessels. The Lenin’s reactors could operate for one year between refueling. In con-
trast, the diesel-powered icebreaker Moscow, at 16,000 horsepower, used 110 tons of
fuel daily; it had to return to port at least once a month to top off its 3,000-ton capac-
ity tanks. Engineers saw a potential both for powerful 40,000-horsepower engines
(and later much larger ones for aircraft carriers) and for “small” 10,000-horsepower
engines for atomic-powered river transport. Nuclear icebreakers produced 2.75 horse-
power per ton, whereas conventionally powered icebreakers produced only 1.1 to
2.0 horsepower per ton. They moved at eighteen to twenty-one knots, far exceeding
the twelve to fifteen knots of conventional icebreakers. They could remain away
from base, technically speaking, for a year at a time. The Lenin’s small ratio of length
to width (134 to 27.6 meters) ensured maneuverability, easy access to dry docks,
and stability. It could easily break up ice over two meters thick while moving for-
ward at two knots. Power and maneuverability were the keys to opening shipping
lanes and facilitating the assimilation of the great resources of the far north—ore,
rare metals, and fossil fuels. The major obstacles to the new technology were forty
percent higher capital costs over those of the conventional diesel icebreakers and
slightly higher operating expenses.

Engineers proposed several different kinds of reactors for the Lenin: one-, two-,
and three-loop systems, pressurized- and boiling-water reactors, graphite- and water-
moderated, even liquid metal- and helium-cooled units. For example, the advantage
of a one-loop reactor with helium coolant is that the helium does not become radio-
active, making shielding a simpler matter and also making it possible to build an
efficient smaller, lighter reactor. Still, helium itself is expensive; it would have to
be heated to 760°C; and Soviet scientists had more experience with pressurized-
water reactors that had cheaper, more reliable, standard steam turbines. Abram Ali-
khanov, of Kurchatov’s rival Institute of Theoretical and Experimental Physics, pro-
posed a homogeneous heavy water reactor to increase the engine’s efficiency while
lowering its cost, but difficulties in hermeticization of the circulating pump and the
danger of the possibility of precipitation of the fuel in stagnation points of the first
loop, as well as the high radioactivity of the first loop, doomed this variant. Ulti-
mately, Aleksandrov settled on an icebreaker powered by pressurized-water reactors
whose water served the dual role of moderator and coolant.’®> The 44,000-horse-
power Lenin had three reactors with 235U fuel enriched to five percent, two of which
powered the ship, the third being held in reserve in case of emergency.

In the fall of 1953, physicists, engineers, and radiation safety specialists set out
to build the nuclear steam engine for the Lenin, a huge task that involved a number
of design bureaus, industrial enterprises, and the Kurchatov Institute of Atomic
Energy. The Lenin’s reactors had a maximum power of ninety megawatts, but they
produced a maximum thrust of 44,000 horsepower in the turbogenerators with all
three reactors operating at sixty-five megawatts. The Lenin also had diesel genera-
tors rated at 200 and 1,000 kilowatts in case of reactor failure. Operating expe-
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rience showed that the reserve diesel generators produced sufficient power for
safety and control when the reactors for some reason failed to operate properly or
were down for repairs. The size of the ship allowed sufficiently thick shielding to
ensure the safety of personnel. The weight of each reactor with biological shielding
was 3,100 tons. Special ventilators allowed radioactive steam to be vented from the
first loop, after first passing through filters. Liquid radioactive wastes were tem-
porarily stored in special drums; but more often than not, they were simply dumped
into the ocean.!6

The operating personnel received special training in the Makarov Leningrad
Higher Engineering Naval School. Their training was complete only after they suc-
cessfully passed an examination. They also had to be recertified annually. Many of
them later worked at atomic stations. The equipment was so reliable, it was claimed,
that personnel set foot in the reactor compartment no more than once briefly every
twenty-four hours to check the equipment.!” The crew had all the comforts of home
to ensure the safety and success of the ship’s missions. Navigation equipment was
up to the minute. The Lenin had two radiolocators and radios that operated on ultra-
short, short, medium, and long wave, as well as a powerful megaphone to address
nearby ships and the shore. The megaphone may have been more to the sailors’ lik-
ing because they were used to screaming at the top of their lungs to be heard when
speaking on poor-quality Soviet telephones. The sailors were grateful for accommo-
dations that were not much smaller than typical Soviet apartments and made the
long periods they were at sea much less claustrophobic: one- and two-bunk com-
partments nearly eight feet tall; hot and cold running water; special lights to suggest
the sun during interminable polar nights; bathrooms, toilets, and showers separate
from the cabins; spacious refrigerators; a medical and dental facility, pharmacy, lab-
oratory, intensive care facility, and quarantine; dispensary; and gymnasium.

The atomic and space ages overlapped fully. On August 24, 1956, metalworkers
at the dry docks of the Admiralty Factory in Leningrad laid the Lenin’s keel; the ship
itself was pushed from its dry dock on December 5, 1957, less than a month after
Sputnik. But unlike Sputnik, which was an unqualified success even if its function
was only to “beep” periodically, it took the Lenin several years to make waves as
intended. In June 1958, N. S. Khlopkin wrote Kurchatov to warn him that all was
not well. The central section, a three-reactor vessel, had been built, two of six steam
generators were in place, and the biological shielding with steel walls 350 to 420 mil-
limeters thick was installed, but Khlopkin worried about “low quality welding.”
The Elektrostal Factory manufactured the cladding for the fuel rods, but the scien-
tists initially failed to load all the rods into the reactor because of excess reactivity.
The uranium load had to be reduced, and its enrichment was also lessened. Further-
more, instruments to be produced by the Admiralty Factory for the control room,
display panels, and dials had yet to be manufactured, leaving questions of electrical
safety and stability unresolved. Generator construction lagged. Khlopkin suggested
that various enterprises and managers needed a kick in the pants.'®

Like Sputnik, the launching of Lenin was a matter of national pride and polit-
ical significance. This was not the first time that Soviet leaders used technological
feats to legitimize their rule. In the 1930s, Stalin grasped the achievements of Soviet
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airmen who, in balloons and planes, established distance, time, and altitude records—
at the cost of human lives in accidents—as confirmation of the fact that the path he
had chosen for technoiogical development was the best—indeed, the only—alterna-
tive. Bolshevik leaders initially sought Western technological assistance, purchasing
the services of American and German engineers, buying their technology outright,
or stealing it through foreign trade offices established in Europe and America and
run by the KGB. Once Stalin had assumed power, the nation sought to construct
what was called “socialism in one country,” showing self-sufficiency in economic
matters, eschewing foreign trade for domestic development, and subjecting foreign
engineers and any of their intimate Soviet colleagues to harassment, arrest, even
execution. The world records in aviation also won support at home and abroad
when the regime later came under intense criticism because of purges.'®

The successful completion of the first tests of the Lenin generated a front-page
photograph in Pravda on December 20, 1959, and a congratulatory declaration from
the Central Committee of the Communist Party and the Council of Ministers of the
USSR to “scientists, designers, engineers, technical specialists, workers, and sailors
of the navy, and to the entire collective who have participated in the creation of the
first in the world nuclear icebreaker Lenin.” This success was a “new huge victory
in the matter of the utilization of atomic energy” which “opened new possibilities
for the assimilation of the riches of the Soviet Arctic and the furthest development
of the economy of the northern regions of the country.” The communiqué from the
government verification commission on the safety, maneuverability, and quality of
the huge vessel accompanied the declaration.?°

The minimal initial 2,000-mile tests of the Lenin’s seaworthiness and safety ap-
parently raised as much suspicion about nuclear ships as celebration of their pro-
mise, for the authorities were required to address publicly the concerns raised by an
Odessa-based sailor who, like hundreds of other persons, harbored misgivings about
the safety of “nuclear passenger ships and freighters” for passengers and inhabi-
tants of ports alike. A certain Ermakov, a scientist at the Institute of Complex Trans-
portation Problems, calmed worries, informing citizens that nuclear-powered ships
would be few in number until the 1970s in any event, but that contemporary tech-
nology ensured their safe operation, containment of products of fission, and shield-
ing of personnel from radioactivity. Contrary to popular fears, the reactor could not
explode like a nuclear bomb. Ermakov acknowledged that there were technical chal-
lenges concerning repair and refueling, but these activities would be strictly con-
trolled and away from populated areas. He admitted that the navy would dump
certain wastes at sea, but only in agreement with international law. Ermakov sooth-
ingly mentioned that the United States, England, Germany, and Japan also had
nuclear ship programs. “Sailors should know,” he concluded, “that not one person
on an atomic ship has suffered from radiation. Residents of ports, too, may be given
a guarantee that all activities of atomic shipping in ports present no danger to any-
one.”?! Shadowed closely by apprehensive Norwegian, Danish, and American air-
planes, the Lenin “steamed,” or perhaps fissioned, in early May 1960 to Murmansk,
the major northern port of the USSR on the Barents Sea. The Lenin had “passed the
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exam,” entering the port on a clear sunny day to begin its lengthy service. “The tug-
boat Afanasiev met the atomic giant which had on board representatives of the
Party, and of Soviet and social organizations of Murmansk, and newspaper, radio,
and television reporters,” the newspapers reported. The Lenin’s arrival in Mur-
mansk carried special meaning as a symbol of Soviet power, technological know-
how, and peaceful intentions.??

Recognizing the potential propaganda coup to be gained by harnessing the
peaceful atom, Japan, Germany, Britain, and the United States also pursued nuclear
tankers and freighters of various sorts. Take the example of the United States: In
April 1955, President Dwight D. Eisenhower called for an atomic ship to be built.
Congress quickly authorized the project. In May 1958, at the New York Shipbuild-
ing yards in Camden, New Jersey, construction commenced. The 20,000-ton Savan-
nah was launched on July 21, 1959, with but one reactor running on 23U enriched
to four percent—but, as Soviet propagandists never failed to point out, it generated
only a measly 20,000 horsepower. Delay in bringing Savannah on line may have
been tied to the fact that resources were diverted to launch the Enterprise aircraft
carrier and nuclear-powered submarines first. In any event, the Savannah was
intended “to demonstrate the peaceful uses of atomic energy.” The thinking was
that if a nuclear ship were only a little heavier than a conventional ship without
fuel, then nuclear-propelled ships of the same size could carry significantly more
cargo on long voyages at high power and relatively high speed. Promoters of nuclear
maritime shipping were confident that they could handle all problems of docking,
cargo handling, and public anxiety in existing harbors. However, legal and statutory
changes would be required to ensure proper supervision, pilotage, towage, security
and access, fire precautions, medical arrangements, and potential leakage of fission
products, because harbors tended to be near heavily populated regions.

While the Savannah demonstrated the technical feasibility and operational
reliability of nuclear propulsion for merchant ships, it was not economical, cost-
ing $100 million over fifteen years; oil supplies proved to be adequate and cheaper.
After visiting seventy-five ports and entertaining over one million visitors, the
Savannah was taken out of service. The United States nuclear merchant ship pro-
gram then collapsed as a result of safety, legal and insurance concerns raised by
growing environmental awareness. This experience did not deter the AEC from
seeking to develop a standardized 120,000-horsepower compact nuclear propulsion
system for use in high-speed containerships, tankers, so-called Very Large Crude
Carriers, and icebreakers, like the Lenin, to support Arctic shipping and Arctic oil
drilling operations. But the launching of the Savannah and the next generation of
nuclear ships was not about cost, but about technological hubris, display value, and
superpower competition.??

The Soviets launched the Lenin from their Leningrad shipbuilding yards on
September 12, 1959. Unencumbered by worries about cost, legal issues, or public
safety, the Lenin was permitted to spend the next three decades cutting a path thou-
sands of kilometers long through the ice of the Arctic Ocean, opening shipping lanes
to the Enesei, Ob, and Lena rivers, and providing access to Siberia’s great resources.
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By official quantitative measures, the Lenin demonstrated both the efficacy of new
technologies and the glory of Soviet power. As its first task, the icebreaker opened
the Enesei ice dam and the Vilkitskii Straits; then in the Karsk Sea, it facilitated the
Norilsk and Dudinsk nickel operations in the dead of winter. In its first three years
of operation, the Lenin plowed 47,000 kilometers, half of them through ice as thick
as six meters. In October 1961, it delivered crucial supplies to the North Pole-10
floating research station. By the end of 1963, the icebreaker had traversed almost
100,000 kilometers, roughly two-thirds in ice. With the help of other icebreakers,
the Lenin accompanied more than 300 ships through the northern routes, speeding
the delivery of freight, and nearly ending the capture of freighters by sudden Arctic
freezes, which had previously left them trapped until the spring thaw. The Lenin’s
first complete refueling was in the spring of 1963. With their first load, each reac-
tor had operated more than 11,000 hours, having produced 430,000 to 490,000
megawatt-hours of thermal energy. Through 1975, the icebreaker kept the route
through the Karsk Sea to Enesei ports open until the end of December. In 1976, the
Lenin led a freighter and tanker into the Karsk Sea in March, demonstrating the pos-
sibility of early spring shipping in the Arctic Ocean. These achievements earned the
Lenin a Lenin Award, so that the ship became known officially as the Lenin Award
Icebreaker Lenin.

But the real story was not that glorious. In 1966, a reactor melted down, burn-
ing completely through the hull. Of course, they had to repair the Lenin. When the
ship was finally decommissioned in 1990, its highly radioactive shielding assembly
and spent nuclear fuel, with total radioactivity of more than two million curies, was
dumped in the Arctic Ocean; perhaps about five percent of this activity remains to-
day. And in the Lenin’s stead, dozens of nuclear submarines and icebreakers plowed
the ocean waters, occasionally leaving radioactive waste in their wake, if only when
their spent fuel assemblies or reactors hit the ocean floor. These and other signifi-
cant misfortunes did not deter leading physicists and officials associated with
nuclear engines.?* As Aleksandrov and his colleagues put it in a major article on the
Lenin, “The development of the economy of northern regions requires the creation
of a new powerful ice-breaking fleet which is capable of accelerating transit of car-
avans of ships along the path of the northern shipping route, lengthening the period
of navigation, and widening the path in order to utilize higher latitudes.” Nuclear
ships were the key to the exploitation of the north.?>

FROM ICEBREAKERS TO WHALERS

Once Brezhnev realized, as Khrushchev had, that he needed technological achieve-
ments as symbols of peaceful intentions and political legitimacy, he chose Siberian
economic development as his focus. The “Siberia” program, as it came to be known,
was intended to subjugate rich natural resources of oil and gas in the Tiumen re-
gion, forests, ore, and even water through such massive technological systems as
pipelines hundreds of miles long, a new trans-Siberian railroad called BAM (the
Baikal-Amur Mainline), and canals to divert the flow of Siberian rivers to Central
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Asia and the European USSR. Nuclear-powered ships would assist in these endeav-
ors by keeping the northern route open. Small nuclear reactors would do their share
by providing electricity in Kola and Bilibino. Yet two factors seem to have delayed
the expansion of the Soviet nuclear icebreaker fleet beyond the Lenin until the
mid-1970s. The first was the attempt to achieve nuclear parity with the United
States and hence to concentrate resources on the rapid deployment of nuclear sub-
marines. The Soviet Navy launched eighty-nine submarines from 1961 to 1971. The
second was the decision to focus “peaceful” nuclear resources on civilian nuclear
power stations and the effort to increase the unit size of standard RBMK and VVER
reactors.

Toward the end of Siberian development, Brezhnev ordered the construction of
a fleet of nuclear icebreakers to assist the Lenin in keeping a northern shipping lane
open all year. Before the Soviet Union—and its nuclear navy—fell apart, it launched
eight nuclear icebreakers, and a ninth neared completion at the Baltic Factory in
Leningrad. There was even discussion of building one named after Brezhnev him-
self (but not of the danger of having an artifact called the Lenin Award Icebreaker
Brezhnev). The monster nuclear icebreakers generated 75,000 horsepower. They
operated well; they averaged 7,000 hours at sea annually (roughly eighty percent of
the time) and their reactors generally operated more than 400 days between refuel-
ings. Four icebreakers reached the North Pole. Smaller, more maneuverable diesel
ships followed them to the deltas of Siberian rivers. But, because of the hardships of
transporting diesel fuel and because the huge icebreakers could not enter Siberian
rivers, the Soviet Northern Fleet built jointly with Finland two nuclear icebreakers
with limited draft—the 50,000-horsepower Taimyr (1989) and Vaigach (1990)—to
replace diesel-powered icebreakers that had to remain on ice—in port—in the dead
of winter.

The expansion of the nuclear icebreaker fleet revealed just how short-sighted
Soviet planning could be. First, there were few sufficiently iceworthy freighters
(with the exception of such ships as the Norilsk at 25,000 tons displacement) to
carry cargo through the opened shipping lanes. The decision to build icebreakers
should have been accompanied by a decision to build freighters to take advantage of
the situation. The Northern Fleet had to struggle to build huge nuclear freighters of
the lighter class like the Sevmorput’ (1988), which had a displacement of 61,000 tons
and reactors providing 40,000 horsepower of thrust. The Sevmorput’ could break
through ice up to one meter thick. Second, the merchant navy could barely handle
the service requirements of icebreakers and freighters. The Russian Northern Fleet
opened a series of bases with similar responsibilities for nuclear submarines and
surface vessels within this region, including Sevmorput and Safonovo. The nuclear
icebreaker base, Atomflot, was built on the Kola peninsula in Murmansk, not far
from the merchant harbor on the Murmansk fjord. Atomflot was used for repairs, re-
fueling, fuel storage, and temporary waste disposal. The base was inadequate to
handle such a huge fleet. Absent the proper infrastructure, repair facilities, and
trained personnel to take full advantage of its size and keep it running safely, Sev-
morput’ operated only fifty-seven percent of the time. A shift to container shipping
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and efficient use of its holds seems to have made the operation of Sevimorput’ more
economical in its route from the Kola peninsula to Dudinsk. Nuclear freighters half
that size never made it off the drawing board.26

But Brezhnev’s will pushed icebreaker after icebreaker into the Arctic Ocean.
They laid the keel for the Arktika, the first new nuclear marvel since the Lenin, in
July 1971 at the Baltic shipbuilding yard. At 75,000 horsepower and 21,000 tons dis-
placement, it was the largest atomic icebreaker ever launched. The Arktika left its
dry dock in December 1972 and entered regular operation in 1974, a mere three
years later, after undergoing testing in the Baltic and Karsk seas. Unlike the Lenin,
the Arktika had two, not three, reactors, which powered two main turbines whose
current fed three electric propeller motors. The reactors themselves were largely
unchanged. In response to the accidents on the Lenin, crew safety occupied a more
important position; trained fully, each crew member had a personal dosimeter. The
ship had two independent electrical generators, one in the bow and one in the stern;
each was capable of powering the ship fully in case of an accident, the former with
two and the second with three 2,000-kilowatt turbogenerators. In addition, there was
a diesel generator. A sister ship, Sibir’, was launched in 1975 to honor the twenty-
fifth Party congress. In 1977, Arktika led a caravan of cargo-laden ships in deep ice
and terrible weather through the Karsk Sea. Five times in the deepest part of the
Arctic winter in late February and early March, the Arktika cut through to Iamal
with the assistance of the diesel icebreaker Murmansk to keep shipping lanes open
and ensure progress at the lamal gas field development. Ultimately, it was possible,
although extremely costly and challenging, to go from Murmansk to Vladivostok,
even in the dead of winter. In August 1977, the Arktika reached the North Pole—a
first for an icebreaker—in time for the celebration of the sixtieth anniversary of the
USSR. The Rossiia, Sovetskii soiuz, and Iamal nuclear icebreakers were built next
(see Appendix, Table 13).27

The new generation of icebreakers had a number of safety improvements. Ver-
tical orientation of equipment facilitated repair, maintenance, and refueling. Stan-
dard cranes with a twelve-ton capacity could accomplish most heavy tasks in reac-
tor operation. The reactors themselves were more efficient. Engineers claimed to
have mastered backup systems and welding to ensure containment of liquid, solid,
and gas radioactive wastes in the event of an accident. They employed improved
Geiger, spectrometric, and other sensors. The new generation of icebreakers had
two independent 2,000-kilowatt diesel auxiliary power plants with five turbogener-
ators, one in the bow and the other in the stern; a 1,000-kilowatt diesel generator
capable of running all systems in the event of failure of either or both of the power
stations; and finally two other 200-kilowatt diesel backup generators.

The freedom from refueling made surface nuclear-powered vessels the logical
choice for use in regions far from the Motherland, for example, near Antarctica,
where in the 1950s the Soviets commenced extensive whaling operations. Engi-
neers in the Leningrad Northern Project Engineering Institute designed an atomic
whaling base, in essence a floating atomic-powered factory. Two prototype reac-
tors were built, one of which served as an experimental device on the grounds of
the Kurchatov Institute. The design was intended to eliminate the possibility of the
entry of fission products into the whale blubber, which was broadly used for the



Nuclear Engines: Technology as Panacea 127 i

preparation of children’s medicines. Yet atmospheric nuclear tests had rained radio-
active fallout into the oceans, where flora and fauna accumulated it. Whales con-
sumed huge quantities of fish and plankton. The danger of radioactivity in whale
products either from flora and fauna or from the on-board reactor was considered
great enough to convince scientists to cancel the project.

One of the reasons for continued faith in the nuclear engine was a finding of a
commission in the Dolgano-Nenets autonomous region that the Taimyr had not
raised the background radiation on the Enesei River and its delta. The Taimyr did
the Murmansk-Dudinsk run and was crucial to the transport of Norilsk production
to Leningrad and Moscow. But in the summer of 1989, local Dudinsk residents re-
fused to allow what they called a “floating Chernobyl” into port. Without imports
on which the region’s residents were dependent, and without export capability,
reindeer and fish harvests in the region plummeted, the decline contributing to sig-
nificant economic hardship. The residents were even more worried, however, about
the collision between the Taimyr and the Sibir’ in heavy ice conditions and the
November 11, 1988 near meltdown of the Rossiia’s reactor in Murmansk harbor,
a result of human error. When the twin of the Taimyr , the Vaigach, attempted to
enter Dudinsk harbor in September 1990, the locals blocked the harbor. But when
ice set in, they relented, allowing the small nuclear ships to clear shipping lanes.??

NUCLEAR-POWERED AIRPLANES AND ROCKET SHIPS

At the same time as icebreakers and submarines came into existence, engineers
also proposed the use of nuclear engines in other vehicles. Visionaries of nuclear-
powered aircraft never hesitated to publish artists’ renderings of flying nuclear
wings gliding over such heavily populated cities as New York, in spite of the tre-
mendous technical and safety problems, not to mention exorbitant cost, that would
accompany the launching of such outlandish vehicles. But military concerns—the
possibility of long-term, high-speed flight without frequent refueling, and the belief
that future wars would be based on massive retaliation with nuclear weapons deliv-
ered by aircraft—pushed those issues into the background until after the expendi-
ture of billions of dollars, rubles, francs, and pounds.

In the United States, the nuclear powered airplane, known as the ANP, was
born from the program for Nuclear Energy Propulsion for Aircraft (NEPA), dating
to May 1946. The ANP was based at Oak Ridge National Laboratory and supported
by contracts between the Air Force and Fairchild Engine and Airplane Corporation.
Initially, the program set off raging debates over the exposure of the aircraft’s crew
to radiation, because the crucial technical issue was how to keep the weight of the
plane as low as possible so that it could fly; and this constraint required reduction
in biological shielding. There appeared to be three alternatives. One was to increase
the speed of the plane, so that each mission was more brief. The second was to limit
the total number of missions. The third was to find some sort of drug with which
to treat crew members or to acquire additional data that might indicate an increase
in the amount of radiation crews could tolerate. Despite ethical questions concern-
ing human experimentation, it was not difficult to find vast sums of government
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money to keep NEPA alive, especially with military planners seeing nuclear planes
as the best way to deliver nuclear weapons to the Soviet Union. The Joint Chiefs of
Staff endorsed the ANP program, which ran through 1963, costing over one billion
dollars and engaging more persons at Oak Ridge than all other laboratory projects
combined.??

The American nuclear jet program gained great impetus from the Korean War,
which inspired the Air Force to let a series of contracts to develop the nuclear plane.
One such contract went to Consolidated Vultee Aircraft Corporation, which confi-
dently predicted operation of a nuclear-powered Corvair B-36 bomber sometime
between 1954 and 1956, even though it remained unclear whether the aircraft
would have turbojet or propeller propulsion. The United States built a 15,000-foot
runway at the National Reactor Testing Station in the southern Idaho desert—a
length unheard of at that time—to provide enough run-up to get what was expected
to be a much heavier than usual jet off the ground.

The Air Force awarded General Dynamics and Lockheed Aircraft millions of
dollars, equipment, and laboratories supported by hundreds of engineers and scien-
tists. At its Wright-Patterson Air Development Center near Dayton, Ohio, it built a
ten-megawatt nuclear engineering test facility to test aircraft materials and compo-
nents. The French and British also spent years and millions (of francs and pounds,
respectively) on nuclear propulsion, in the latter case with Rolls Royce working on
the atomic power units for the aircraft.?? Yet, by 1958, the closest any country came
to flying a nuclear-powered airplane was the nearly four dozen times—at a cost of
$700 million—that the U.S. Air Force flew a reactor in a B-36, not to propel the
plane, but to determine how to overcome problems of weight, biological shield-
ing, and the like. Officials acknowledged “certain particular dangers” (but not
“unusual” ones) related to the possibility of the release of fission products from the
reactor in case of a crash.?! But what was “usual” in any way about flying a reactor
around Idaho in a B-36? The nuclear airplane died in 1963, not so much because
technical and safety problems remained unresolved, but because nuclear-tipped
ICBMs could do the same job of mass destruction of the enemy with greater accu-
racy and lower costs.

The basic principle behind a nuclear-powered aircraft is that heat from a reac-
tor—say, at 4,000°F, versus 1,300° to 1,500°F in a conventional turbojet—is used
to drive a pure jet engine, a turboprop, or even a rocket motor. In a jet, air is drawn
in through an intake, compressed, mixed with fuel, detonated in combustion cham-
bers, and released, thus propelling the aircraft and, simultaneously, revolving a tur-
bine that turns the compressor for the air-fuel mixture. In a nuclear airplane, the
combustion chambers would be replaced by a reactor whose sole function is the pro-
duction of heat, which is used to create a flow of gas at high pressure and tempera-
ture. Transmitting the heat to the turbines involves more equipment and weight, for
example, pumps and heat exchangers. The reactor heat would pass to a circulating
liquid metal that would then pass the heat to a heat exchange unit. There, a work-
ing fluid, perhaps mercury, would be vaporized to drive a turbine, then cooled in a
condenser, then pumped back to a heat exchange unit. If this design were not com-
plex enough, nuclear jets required the development of metals that boil only at very
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high temperatures. The molten metal used as the primary heat exchange liquid
would solidify as it cooled down when the reactor was shut down. Auxiliary heat,
perhaps from a small gas turbine, would have to be used to liquefy the metal in the
first place. Furthermore, the metal would have to be drained from the reactor, heat
exchanger, and piping before shutdown or the whole unit would seize. Cooling the
reactor was a significant problem, as was wiping heat instantaneously off the tur-
bines and reactor at jet speed.

None of this would be a particular technical challenge if all this equipment, the
liquid metal, the reactor itself, and its shielding only needed to sit in a huge hanger
on the ground. But it had to take off, fly, and land. Scientists explored the concept
of “unit shielding” of the reactor and propulsion unit to minimize weight, but any
shielding—borated water, lead, steel, even concrete—would have added up to fifty
tons. Unlike conventional jets, which consume fuel and thus are lighter when they
land than when they take off, nuclear jets would lose only a negligible amount of
fuel, requiring that the undercarriage and landing gear also be stressed to withstand
landings at greater speeds and weights. Scientists and military personnel in the
United States and the Soviet Union were not deterred, for one pound of uranium
could supply as much heat as the burning of more than 1.5 million gallons of fossil
fuel, giving atomic-powered aircraft almost unlimited range and utility as large
bombers, ocean-patrolling jets, and long-range troop transports. They confidently
predicted an operational plane by 1960.32

More is known of the United States’s than the Soviet Union’s program, for most
documents concerning the latter remain classified. There is no doubt that the
Soviet’s program paralleled the United States’s, even if it was somewhat less exten-
sive. The Soviet Air Force attempted the same flying reactor tests. As with other
nuclear engine programs of the early 1950s, Anatolii Aleksandrov was the moving
force behind the study of flying nuclear apparatuses. Aleksandrov formulated the
basic problem as follows: “Our knowledge in the area of atomic reactors allows us
to raise the question of the creation of atomic engines in the coming years which
can be applied for heavy airplanes. . . . The basic problem here is the design of the
reactor itself, air cooled; and the highest temperature possible of exhaust gases to
1,000°C.” On August 14, 1952, he wrote Kurchatov that the time had come to work
on industrial and transportable nuclear reactors, with most of the work done at the
Kurchatov Institute. Initially opposed by government leadership as costly and tech-
nically uncertain, the program was eventually approved. The reasons for approval
were the same as in the United States. Jet, rocket, and satellite reactors could pro-
vide great power for extended periods of time, making exploration of the atmos-
phere and solar system possible. Many of the earliest ideas for the Soviet nuclear
rocket and jet engines program originated among university seniors at engineering
departments created specifically to train nuclear specialists. Flights of fancy, rather
than circumspection based on past experience in reactor development, were the
rule. Their advisors and supervisors then strove to turn flights of fancy into real
designs, which they in turn sent to higher levels for approval and funding.3®* When
the first group of students defended their projects before a commission chaired by
Aleksandrov, they took turns sitting alone at a table before the commission, sharing
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a sports coat that became increasingly rank on the hot day. Then the students were
invited to hear the commission’s decision: “Your projects pleased us; we’ve giving
you all A’s. But the feeling remains that in all of your defenses there was something
similar.”3* It was the coat, not the projects.

Russian physicists claim to have learned about the American ANP programs
late in the game and were surprised that the programs had much in common—
down to reactor fuels. They quickly discovered that the weight of the required bio-
logical shielding for the cockpit and reactor made it impossible to develop an oper-
ational flying engine. They learned that the United States had flown reactors in jets;
after consulting with Andrei Tupolev, the famous Soviet jet designer, they built an
analogous laboratory in a TU-95 by December 1955. They believed it was possible
within fifteen to twenty years to overcome the technical problems of shielding, the
stability of reactor operation and materials during flight, and the need to stress the
landing gear and fuselage because of the weight of the airplane, one-half of which
would be reactor, shielding, and engine. They decided in 1960 to build a land-based
model of the flying reactor in Polovinka near Semipalatinsk. When experiments
began, there were all sorts of problems, including foam in the reactor loop. They
called Aleksandrov in Moscow. He diagnosed the problem immediately: “Where’d
they get the distilled water? In Semipalatinsk, near the meat factory? Everything is
clear. That’s bouillon. Bouillon always foams.” Ultimately, the Soviet physicists be-
gan to joke that there were other reasons to abandon the nuclear airplane: A nuclear
airplane could soar unlimited distance and time, but the earth was too small for that.
More to the point, risks associated with a crash of a nuclear reactor engine remained
real and unconquerable.3

Soviet physicists had much greater success in building nuclear power packs of
all sorts for use in space. These included small reactors for satellites and nuclear bat-
teries. The program originated in the search for nuclear rocket engines. While ulti-
mately unsuccessful, this latter line of research indicates the unbridled enthusiasm
of physicists and the extensive resources they commanded. Physicists throughout
the world turned to nuclear propulsion as “inevitable and essential in the explo-
ration and exploitation of space.” They had considered the possibility of nuclear
rockets since the advent of controlled fission.® Nuclear propulsion had many
advantages over chemical rocket propulsion, especially for heavy payloads and
interplanetary travel. Scientists explored nuclear propulsion with the firm convic-
tion that they could solve all its problems, which they believed fell strictly in the
realm of engineering questions: heat generation and removal, fluid (coolant) distri-
bution and flow, material science and structural integrity, and, of course, nuclear
physics.

The length of time a rocket engine can operate is limited by the amount of pro-
pellant carried. The higher the power produced per pound of propellant consumed
(the specific impulse), the better. Rocket engines, like all jet propulsion engines, pro-
duce thrust by transforming a working fluid to gas at a high temperature and
expelling the gas at as high a velocity as possible through a nozzle. In chemical rock-
ets, the propellants themselves provide the energy source that raises their tempera-
ture through combustion. In nuclear rockets, propellant may be chosen without
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regard to consideration of its combustion characteristics. The heat is supplied by the
fission process in a nuclear reactor. Hydrogen in a nuclear rocket may provide a spe-
cific impulse three times greater than that of a chemical system that uses H, and O,,
because hydrogen has the lowest possible molecular weight. In a popular design, lig-
uid hydrogen is stored in an insulated propellant tank and is replaced by helium as
the hydrogen is drawn off to a pump. It flows under high pressure through pipes to
the exit end of the nozzle, where it cools the nozzle. It then enters the reactor and
flows down through the core and out of the nozzle at 4,000° to 4,500°F.37

Scientists acknowledged that safety hazards might be encountered in the oper-
ation of nuclear engines, but they concluded that the benefits of these engines, in-
cluding higher specific impulse and significant military applications, far outweighed
the risk. The potential hazards ranged from the remote chance of bombardment by
such space debris as asteroids, comets, and meteors to constant exposures to high-
energy protons and electrons, solar radiation including X-rays, extremes of temper-
ature as the vehicle passes in and out of sunlight, and ultrahigh vacuum. For exam-
ple, radiation may cause damage to semiconductor material in the space vehicle,
leading to loss of integrity of vehicle and reactor command and of control devices.
For astronauts and cosmonauts, the requirements of shielding against the effects of
radiation are even more important, because, during solar flares, exposure levels may
range from 10 to 100 rem per hour, and radiation from a reactor would be fatal. Pas-
sive (bulk) shielding or active (magnetic) shielding is required against such forms of
radiation as neutrons and gamma rays.?® In all of the early literature, few sources, if
any, gave thought to the risks to humans of the explosion of the nuclear rocket in
the low atmosphere and the spread of fission products throughout the globe.

In the United States, the AEC began exploring the feasibility of nuclear rocket
propulsion in 1955. The Department of Defense pushed early research with per-
sonnel and funding. Sponsored jointly by NASA (National Aeronautics and Space
Administration) and the AEC, the program was called Project Rover. Los Alamos
National Laboratory and the Nevada Test Site were the loci of the program. The
first tests were conducted in 1959, using a reactor called Kiwi-A, named after the
flightless New Zealand bird; the reactor weighed more than its thrust could lift, so
the name was appropriate. The test was successful only on the basis of the criterion
that the reactor produce high power at a predetermined temperature level. Another
aspect of the program was the Air Force’s SPUR (space power unit reactor pro-
gram), a $250 million 300-kilowatt nuclear turboelectric space power system. But
disputes that broke out in the early 1960s over who controlled SPUR—the Air
Force, NASA, or AEC—and what each organization’s responsibilities were slowed
progress. The AEC planned to build forty to fifty test reactors, culminating with the
NERVA (nuclear engine for rocket vehicle application) for upper stage use. The
plan was to install them in the second-stage position on top of a chemical Saturn
booster and at an altitude of one thousand miles bring the reactor to criticality by a
ground signal. It was hoped that, by 1968 or 1969, NERVA reactors could be used
in actual space missions. Other United States nuclear propulsion schemes included
150- to 600-megawatt thermal nuclear ramjets; the SLAM (supersonic low-altitude
missile); and ORION.3?
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The Princeton physicist Freeman Dyson and Los Alamos scientist Ted Taylor
were the motivating forces behind ORION. They pushed the program with the slo-
gan “Saturn by 1970.” Dyson wrote A Space Traveler’s Manifesto to extol its vir-
tues. ORION was intended to propel large spacecraft by means of nuclear “bomb-
lets,” which would provide a force of about ten kilotons when exploded every 0.1 to
1 second at a distance of 100 to 1,000 feet behind the vehicle. The explosions would
exert pressure on a pusher plate “made of ablative material that transmits the pro-
pulsive impulse to the vehicle proper through water-cooled springs.” Dyson built
chemical rocket mock-ups, which he launched from Point Loma peninsula in the
Pacific Ocean south of San Diego. Dyson calculated in 1958 that ORION would add
one percent annually to contamination associated with atmospheric nuclear tests;
but he was excited by the project, which was canceled only with the Nuclear Test
Ban Treaty of 1963.40

In the Soviet Union, projects for nuclear space engines had high-level attention
from the start. Leading physicists and engineers participated in the project: Kur-
chatov and Aleksandrov themselves, Leipunskii, and, from the aeronautics program
Andrei Tupolev, Mstislav Keldysh, and Sergei Korolev. They looked at manned and
drone jets, direct and jet engines, reactors with air and liquid metal coolants, reac-
tors with thermal and fast neutrons. There is a famous photograph of the three
K’s—Kurchatov, Keldysh and Korolev—taken at one of the first discussions about
nuclear rocket engines; it demonstrates how crucial personal contacts were in secur-
ing development. In 1957, Kurchatov began to think about an impulse-graphite
reactor called DOUD-3. Kurchatov gave Aleksandrov responsibility to pursue this
variant. Aleksandrov approached Dollezhal about bringing his research facilities
into the design work for DOUD-3. In March 1958, Kurchatov, Aleksandrov, and
Dollezhal approved the project. By 1960, they were testing a reactor whose active
zone heated the fuel—hydrogen—to 3,100 K. This reactor is still operating. Some
time later, they built another test reactor that achieved parameters unequaled in the
West.4!

Even though nuclear jet engines and rocket ships turned out to be dreams of
the distant future, radioisotopic thermoelectric generators played an important role
in the Soviet space program from the start. Building on a tradition of world class
research in solid state physics, Soviet physicists and engineers figured out how to
turn the energy of radioisotopes into relatively small sources of electrical energy.
The small power generators were excellent sources of energy for various appara-
tuses and instruments on both earth-orbiting and interplanetary satellites, as well
as at oceanographic and meteorological stations. Designed with a power of 1 to
1,000 watts and with a life of six months to ten years, radioisotopic generators had
an energy capacity two to three times higher than that of chemical batteries, and
were more reliable. Unlike solar batteries, they did not require special protection
from the radiation belts of the earth or micrometeoric dust.

The choice of which radioisotope to use from among more than one thousand
known radioactive substances depended on nuclear physical characteristics: the rate
of decay of the parent nuclei (the “speed of burning”) and the quantity of energy
given up in one instance of decay. The best ones for this purpose were isotopes with
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a half-life between 100 days and 100 years, of which there were approximately 50.
The basic advantage of alpha-emitting isotopes was the high quantity of energy, in
particular, the amount that transformed into kinetic energy. For several isotopes
(327Ac, 228Th, and #32U), one decay produces thirty to forty megaelectronvolts. Radio-
active isotopes are potentially biologically dangerous, so they must be handled care-
fully. It is easiest to handle them in a solid form which is almost insoluble in sea-
water or distilled water and will not sublimate or otherwise react with air, water, or
the material of the surrounding ampule. Engineers calculated the smallest amount
of the isotope needed to produce the required power level and length of service.
They designed small “radioisotopic blocks” for maximum transportability, reliabil-
ity, and safety during operation.

Engineers used ##Ce and ?Sr in earth-based radiometeorological stations, the
former operating for up to one year, the latter from one to ten years. The Beta series
of isotopic thermoelectric generators for meteorological and high-mountain cosmic
ray research was developed between 1963 and 1967 and used °°Sr. Its prototype
operated at the experimental site of Gidrometsluzhba in Khimki, a closed research
town just outside Moscow.*? Between 1963 and 1968, they designed an underwater
apparatus that used *’Ce. Another device was the long-lived (to 86.4 years), hand-
held MIG-67 generator, which used ?*¥Pu. The most effective means of converting
energy was thermoelectric: the production of some semiconductor materials that
possess sufficiently high efficiency (five to eight percent) and work at all ranges of
temperatures—to 300°, from 300° to 700° and above 700°C. The combination of
several different materials—usually molybdenum, selenium, and titanium—en-
abled them to achieve efficiencies to fifteen percent.

Nuclear physicists early on explored the possibility of transforming thermal
energy directly into electricity by using the Ruzh’e thermoelectric generators. In
August 1961, Aleksandrov reported on such a reactor, whose power level ranged
from 0.5 to 5.0 kilowatts. The next stage of development was the Romashka reac-
tor-transformer built at the Kurchatov Institute, in which a high-temperature reac-
tor and thermoelectric semiconductor converter without any moving parts were
joined to transform or transmit the heat. The compact, light, autonomous, and reli-
able Romashka showed great potential, operating for 15,000 hours at a maximum of
500 watts, and producing a total of 6,100 kilowatt-hours. In 1964, Keldysh and
Aleksandrov decided to try out a Romashka in a Sputnik. Such reactors proved to
be crucial for the ambitious Soviet program of space exploration.

The Soviets achieved greater successes with cosmic nuclear electrical motors,
so much so that American scientists tried to buy them (for example, the Topaz)
once the reforms initiated under Mikhail Gorbachev opened military technology
to scrutiny and sale. Experiments begun in 1958 at Obninsk on the BR-5 and
5,000-kilowatt reactor led to the creation of a thermoemission nuclear energy appa-
ratus called Topaz. For the one-hundredth birthday of Lenin on April 21, 1970, the
first Topaz was operated, and the more advanced Topaz-2 and Topaz-3 soon fol-
lowed. The first impulse plasma engines were tested in space on the Zond-2. Later
volumetric ionization and stationary plasma engines were tested on the Meteor
satellite.*?
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Scientists at NASA and Los Alamos National Laboratory enthusia{stically exper-
imented with several third-generation Topaz reactors. The sale of Topaz reactors to
the United States frightened environmentalists everywhere, despite the claim of
American scientists that the Topaz would power “Star Wars” antimissile laser
shoot-down technology to the benefit of both. The failure of Kosmos-954, -1402,
and -1900 and their reentry into the atmosphere did little to calm fears. The Topaz
was costly to launch and, once launched, could not be serviced. “Do we need a
nuclear garbage dump in space?” opponents asked rhetorically, and called for the
Soviet and American shuttles to bring nuclear satellites down to earth.*

Some Western scientists and officials criticized the extensive Soviet use of
nuclear power packs in units ranging from reactors to radioisotopic thermal gener-
ators. But academician O. Belotserkovskii, rector of the Moscow Institute of Applied
Physics, defended the satellite power packs. He pointed out that the power packs
had a significant advantage over solar panels in terms of total power. They were also
safe. When brought up to full power and used in high orbits, they had a ballistic life-
time (that is, the time before they descend into the dense stratosphere) long enough
to allow the radioactive products to decay to a safe level, that is, to one not exceed-
ing the levels recommended by the International Commission on Radiological Pro-
tection. When a reactor can be placed in high orbit, one method of ensuring safety
is to disperse small particles of the reactor’s radioactive materials so widely that,
even if they do fall to earth, they will not be dangerous. Indeed, on several occasions,
Soviet space officials gave the telemetric order for satellite nuclear power packs to
disperse nuclear materials on reentry. For example, Kosmos-1402 was launched on
August 30, 1982, with an enriched uranium reactor core surrounded by a beryllium
reflector. When it completed its short mission on December 28, 1982, a command
from earth shut off the reactor and separated the satellite into three fragments, one
of which burned up and dispersed throughout the atmosphere over the next two
months.*> The Soviets were successful in orbiting thirty-three nuclear reactors to
power low-flying radar-spy satellites. Yet for all of Belotserkovskii’s self-assuredness,
flying nuclear reactors have proved to be less than safe. Two of them have already
reentered the atmosphere, spreading radioactivity around the globe. A number of
others have begun to decay, leaking at least 70,000 detectable particles and perhaps
millions of smaller ones into the atmosphere and forming a cloud of nuclear pollu-
tion some 600 miles up. Still, United States government officials and national labo-
ratory scientists remain enchanted with these reactors.*6

THE CHUKCHI LOVES HIS PORTABLE REACTOR ALMOST
AS MUCH AS HIS REINDEER

If not space—which in any event was very costly—then why not use the far north
as a home for wayward nuclear power stations? Kurchatov was the motive force.
His associates knew he was up to something. He’d become pensive but engaged any-
one who would speak with him—metallurgists, chemists, food scientists, textile
industry representatives—in a discussion about the magic ability of nuclear power
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to solve problems of automation, management, control, and power. One day Kur-
chatov suddenly dropped in on Vasilii Emelianov when Zaveniagin was in his office.
It was late, and they were ready to go home. Kurchatov excitedly told Zaveniagin,
“You know, Avraamii Pavlovich, we can make it easier for construction workers.”
He set out the idea for a portable nuclear power station. Zaveniagin tried to temper
Kurchatov’s optimism, pointing out that construction workers in the far north or
far east were so far from creature comforts—comforts of any sort in fact—that
they were required to become “Robinson Crusoes.” Kurchatov merely stated, “Yes,
a Robinson Crusoe with atomic power stations—not that Robinson about whom
Defoe wrote.” Kurchatov then described how blocks of a portable station might
even be dropped by parachute right on any construction site for rapid assembly.*”

Kurchatov’s idea for portable nuclear power stations found a crucial applica-
tion in the development of fuel, nonferrous, rare, and precious metals, minerals,
timber, and other raw natural resources of the far north and northeast of the USSR
from the 1970s onward. In theory, the “atomic boiler houses” could be used along
the shores of the Arctic Ocean and from the Kola peninsula to the shores of Kam-
chatka. In practice, north of the Arctic Circle, not far from the Chukotsk peninsula
in the northeasternmost reach of the Soviet Union across the Bering Strait from
Alaska and not far from the small village of Bilibino, Soviet engineers built a nuclear
cogeneration plant consisting of four twelve-megawatt nuclear reactors. Although
not “portable” in the sense of other reactors they had designed, the BATETs (Bilib-
ino atomnaia teploelektrotsentral’) was constructed of components and prefabricated
concrete forms produced eight time zones away and shipped by rail and boat to Bili-
bino for assembly. Like other nuclear boilers, the BATETSs complex was intended to
open rich far-north resources, not only to Soviet shovels and picks, but also to equip-
ment powered by electrical motors, and to provide heat for agricultural hothouses
and domestic home heating for the workers in Chukotsk mines.

During the brief shipping season in the summer, diesel fuel and coal passed
through the ports of Zelenyi Mys and Pevek and through the Arctic Ocean in
6,000-ton displacement tankers and 5,000-ton barges. Any development of the re-
gion required construction of more such ships, plus expansion of port handling facil-
ities and storage depots. This construction would make already tight supplies of
diesel fuel shrink further, for the Soviet Union was trying to sell oil and gasoline on
world markets to earn hard currency. Efforts to bring in fuel caravans at other times
of the year ran into thick ice. The effort to overcome this problem by introducing
nuclear power commenced in the late 1950s. By 1963, engineers and planners de-
cided to apply their first designs at Bilibino in Chukotia, a region characterized by
long winters and temperatures down to -60°C, impenetrable rivers and lakes (again
due to ice), mountainous relief, deep permafrost, and extreme isolation from any
industrially developed region. Electric power had to be transmitted over lines strung
through swampy tundra. The swampy mess led to accidents and blackouts as poles
sank, rotted, broke, or toppled. Atomic energy would overcome all these problems
and, according to engineers, would pay for itself within six or seven years in savings
on the purchase of fossil fuels.*®
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Chukotia was also home to the indigenous Chukchis, a group of 14,000 people.
Roughly half of the Chukchis were nomadic, living in tents and herding reindeer;
and other half were sedentary, inhabiting semisubterranean dwellings and living off
the sea. The Chukchis also were the butt of many Soviet ethnic jokes because of
their psychological distance from the Soviet industrial development paradigm and
their unwillingness to succumb to the planners’ imperatives. The Chukchis believed
that invisible spirits fill the universe. Their shamans made sacrifices to these spir-
its. This kind of lifestyle and worldview had to give way to state reindeer collective
farms and nuclear-powered mining.

The main unit of the BATETS cogeneration plant consists of four identical
reactor-turbine “blocks” under one roof and produces twelve megawatts of electric-
ity and twenty-five gigacalories per hour. The station building was constructed with
monolithic reinforced concrete panels that were anchored on piles driven into
shale and permafrost. Dalstroiproekt engineers were confident of the building’s
strength.*® The walls of the reactor hall are aluminum to protect the facility on cold
polar nights. The presence of all reactors in one hall and the absence of concrete
walls require the use of a hermetically sealed refueling container device capable of
disposing of spent fuel assemblies in a storage facility located within the reactor
hall. Engineers acknowledge that “the placing of four reactors in one hall presents
high demands on the efficacy and reliability of biological shielding of the reactors
which must guarantee a normal radiation situation in the station.” The reactors,
which resemble the Obninsk, Beloiarsk, and Chernobyl channel-graphite designs and
use fuel rods virtually the same as those first employed at Obninsk, are distin-
guished by simplicity of construction, component design, and light weight for ease
of transport to any site by rail. The use of a one-loop system with natural circula-
tion lowers cost and simplifies operation. The steam-water mixture leaves the reac-
tor and passes into a drum separator where steam at sixty-five kilograms per square
centimeter and 280°C goes directly into a turbine. From a turbine condenser, the
condensate goes through several filters and then through a lower pressure preheater
and then into an atmospheric deaerator. The water at a temperature of 104°C enters
the loop of natural circulation with the help of feed pumps. The heat from the con-
denser of the turbine is drawn off by water that circulates in a special loop and is
cooled by air with radiothorium coolers. Heat produced in the reactor, which is
drawn off by water, is channeled through huge pipes to industrial, agricultural,
and residential facilities. All the station turbines are of Czech origin. Air cooling is
logical because water freezes so quickly in the north, but this Volkswagen air-cooled
engine—the radiothorium coolers—originated in Hungary.*°

When still under construction, the BATETS designers claimed, “That day is not
far away when in the ice expanses of the far north of the USSR the first Soviet polar
thermal electric central nuclear power station will come on line.”! They were right.
Working around the clock in freezing cold ranging to ~50°C, they brought the first
reactor on line in December 1973; by January 12, it was producing electricity. The
first one of its kind, the reactor underwent extensive testing of its physical parame-
ters, from the fuel rods to the steam separators, from control mechanisms to turbines.



Nuclear Engines: Technology as Panacea 137 I

Engineers were relieved to discover that operating levels essentially met the design
parameters. By January 1977, the fourth unit was operating. There were only minor
changes in each new reactor. Strikingly, the BATETSs was designed to allow changes
in the power level seven or eight times daily, with winter daily variation of fifty-nine
percent and summer of sixty-eight percent. The fluctuating power demand made
control of the reactors an even more crucial issue than in standard reactors, where
constant operating levels satisfying base load demands and maximum efficiency
were the rule. But in Chukotia, there weren’t enough alternative sources of energy
to allow the BATETS to supply merely base load. BATETSs replaced hundreds of
shipments of fuel oil and diesel by truck, rail, and barge to small generators and
power stations, which had been struggling to survive in the permafrost.

The BATETSs was a Soviet-style machine in the garden, an innovation in terms
of geography and technology. Within the vast empty expanses of polar forest tundra
was a primitive, almost untouched world that extended in all directions. Here a
reindeer, there a Chukchi, here a new Soviet settlement. But the feeling of won-
der passed when the Chukchi stopped his sledge, got down and scratched the snow
with his walking stick, and said, “So that’s a little atomic stove,” or politely showed
surprise, “What a big fireplace!” These same Chukchis now use transistor radios
and receive television from orbiting satellites. The regional political center, the out-
post of Brezhnev’s rule, was only fifteen years old. The Bilibino industry was the
youngest in the northeast. Several enterprises were still of elementary school age.
And yet the Chukchis had entered the nuclear age. In one generation, Chukchis who
used to burn fat in a fire can get power from the atom.

Like many other Siberian projects—BAM (the Baikal-Amur Mainline, the new
trans-Siberian railroad), the Tiumen Oil and Gas Pipeline, the Norilsk Metallur-
gical Combine, and others—Bilibino was delayed by a shortage of skilled workers.
After all, who wished to live in the Arctic cold, in Spartan barracks, with few stores,
restaurants, or schools for the families and children who accompanied the laborers?
Nor did the railroad get close. When construction trusts offered higher wages as an
incentive, they attracted workers interested in earning money quickly to buy a car
or an apartment back home. Rapid turnover meant that poorly trained workers
were responsible for building complex technologies in the most harsh weather con-
ditions imaginable. The Komsomol strove to attract college-age laborers by asserting
that it was a great honor to work at one of the Arctic sites. Many students and patri-
ots took the opportunity to show that they were not afraid of “using their bare
hands” or of “hard work,” and they arrived in Chukotia with little more than the
shirts on their backs. In 1967, Bilibino was already an “all-union shock work” site
and a Komsomol organization was formed to manage the rough skills of the work-
ers and combat constant turnover. For, despite the high wages offered, few of the
workers were willing to live in the desolate north in special villages with fewer crea-
ture comforts than even the typically sparsely furnished Soviet town. Few wanted to
stay if they had to live in tents; materials and supplies were waylaid by ice and snow;
and many lost limb and life in the polar fog. Chukchi children, who had never seen
a steam ship and knew how to fish and hunt like their parents, nevertheless made
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drawings in school of the nuclear power station and expressed disapproval of those
people who participated in the annual October Revolution parade wearing o more
than light boots. Clearly, the newcomers were a new breed of people—physicists.>?

To further Chukotia’s economic development, policy makers, planners, and sci-
entists agreed to establish the Institute of Physical Engineering Problems of the
North. This institute, established in 1970, had as part of its mandate the develop-
ment of materials—from metals to plastics—for use in machinery and equipment in
the far north, for example, reliable welding equipment and cold-resistant polymers.
At a seminar held in March 1978, physicists discussed the extensive engineering
and organizational problems associated with developing small nuclear power instal-
lations, creating equipment parks and special facilities (including refueling appa-
ratus) to serve the installations, and finding and training personnel. But the expe-
rience at Bilibino indicated that nuclear cogeneration plants operated well from a
technical point of view under severe climatic conditions, providing enough heat for
hothouses, an animal farming complex, a school, a hospital, and a sports complex
that included a swimming pool. They had begun study of the use of nuclear waste
heat to promote a real revolution in agriculture in permafrost regions. Despite an
accident that spread radioactivity throughout the machine hall, they still intend to
extend the Bilibino plant lifetime from 2005 as originally estimated until 2015 for,
other than the accident, the machine has operated as planned.>?

But it was the Arbus that excited the greatest hopes for nuclear power in the
north. Physicists at the Scientific Research Institute of Atomic Reactors in Melekess
brought the transportable 750-kilowatt atomic power plant Arbus on line in August
1963. Arbus was intended to be the “prototype of small electrical stations which are
being developed for far-off regions of the Soviet Union.” What made the Arbus spe-
cial was its “block,” or component, construction, because that design allowed it to
be shipped anywhere by train or barge and easily assembled. It consisted of nine-
teen blocks, each weighing no more than twenty tons. Assembly was supposed to
take two to three months. Arbus would fit in a finished building roughly forty by
sixty feet. The Arbus reactor was loaded with 22.5 kilograms of 23U and produced
5,000 kilowatts of thermal energy. Fuel rods of 23°U enriched to thirty-five percent
sat in a reactor vessel 4.4 meters tall and 1.3 meters wide, with walls 20 millimeters
thick. Thirty-two control rods of boron steel regulated reactivity. The reactor, steam
generators, and piping of the first loop were built from carbon steel. A 135-kilowatt
diesel generator powered the station when the reactor was being brought on line.
The main piece of special assembly equipment was a twelve-ton crane. Seventeen
persons operated the station.>*

Physicists were convinced that small reactors were economical because of the
high cost of transporting fossil fuel or tapping it at any site. Yet atomic energy had
high capital costs, especially in small stations. For the Arbus, cost was lowered by
using inexpensive construction materials, serially produced equipment and instru-
ments, light biological shielding, and an organic coolant. Physicists worried initially
about accumulation of products of radiation polymerization in the organic coolant
which boiled at the high operating temperature, produced a film on the surface of
the fuel rods, and contributed to a loss of cooling capacity. Melekess physicists suc-
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ceeded in tackling these problems through the use of a regenerating apparatus
attached directly to the cooling loop. They chose a hydrostabilized, kerosine-based,
aromatic organic compound such as hydroterphenol and ditolylmethane. By the early
1980s, the Arbus had two variants, an electrical power generator and a heat pro-
ducer. Because of their low corrosiveness, organic coolants could be used in loops
employing common carbon steels. Their high boiling temperature and low vapor
pressure allowed the use of equipment in the first loop under a pressure of not more
than one megapascal, which practically precluded an accident in which the reactor
vessel or piping was breached. In such reactors, the maximum temperature of the
surface of the fuel rods was lower than the boiling temperature of the coolant. Con-
sequently, during a loss of pressure in the reactor vessel, the possibility of the boil-
ing of the coolant on the fuel rods was precluded. Yet the formation of products of
radiation-thermal creep required constant filtering of the coolant. Physicists ulti-
mately designed the higher power Arbus-AST primarily to produce heat for indus-
try and housing. The AST was brought up to operating power on November 19,
1979 and now heats the Melekess institute.>> An amazing engine, only three per-
sons per shift are needed to operate it.

But Malykh’s TES-3 (transportable electrical station, third option) was the
mother of all portable atomic power packs. It, too, was transported in blocks for easy
assembly under the difficult meteorological conditions of the far north and far east.
Its unit design allowed the reactor to be operated without the construction of any
special buildings; the major construction task was the erection of biological shield-
ing. A refueling container that could be moved about by a twenty-five-ton crane
allowed refueling to be accomplished in the field without removing the reactor roof.
The reactor operated 250 days without refueling. The entire system weighed 310
tons, including 28.5 tons for biological shielding.”® And Malykh was just one of
scores of engineers, university students, and leading physicists who dreamed about
the power of the atom and never doubted their ability to tame it for use in any envi-
ronment. They were convinced it was safe and effective, even as they were shatter-
ing the trust of the Soviet people by contaminating the Arctic with the radioactive
wastes produced in their nuclear engines. The Obninsk physicists built one TES to
put on display in 1962 at an international fair in Brussels, Belgium, to power the
Soviet exhibition. But this TES was never used. Fearing accidental irradiation of the
Belgian king, they thought better of it, instead cutting the TES into pieces and bury-
ing it on the grounds of their own institute.

From the Arbus and TES, engineers moved to the design of floating reactors. If
relatively small reactors could turn turbines to power icebreakers and submarines,
couldn’t they also be used to produce electricity and heat to run the small company
towns popping up north of the Arctic Circle, where Soviet workers searched for oil,
gas, platinum, and other valuable commodities? And, like the reactors in icebreak-
ers, couldn’t they also float? Soviet engineers believed that they could construct
floating nuclear power stations at existing shipbuilding factories by using previously
developed naval reactor technology. The stations would have significantly lower
capital costs than land-based stations. Because the costs and the effort to prepare a
site or remove the reactor from operation would be lower—it floated, after all—



i 140 Red Atom

attention could be focused on the integrity and quality of the reactor unit. Engineers
claimed that service, including refueling, would also be a simple matter.

Engineers tested a 6,000-kilowatt floating station that produced sufficient elec-
tricity to power exploration, drilling, and housing needs. They claimed it would pro-
duce electricity twenty percent more cheaply than traditional sources of power. The
station’s small size made it perfect for maneuvering in small rivers, inlets, and
bays. On the basis of their experience with a 14.5-megawatts thermal reactor assem-
bled from block components in the portable heat and electric power station Sever
(North)-2, engineers decided to move on to integrated reactors that had naturally
circulating coolant and generated up to 200 megawatts electric. A special engineer-
ing firm subordinate to Minsredmash carried out the Sever project in the far north.
Sever was basically a ship with two pressurized-water reactors, two turbogenera-
tors, a 400-kilowatt diesel generator, a 100-kilowatt emergency generator, a work-
shop, other equipment, and quarters for supervisory personnel. The ship was 83.6
meters long and 21 meters wide. Once on site, the Sever reactor provided electricity
for construction, not power for the ship. Biological shielding was a simpler matter.
It consisted of lead and borated water weighing 200 tons. Once in a good location,
protected from ice and wind, workers would lay six- and thirty-five-kilowatt cable
extending from the reactor as much as thirty kilometers to a drilling site. After a site
had been exploited, the Sever could be moved to another region. Engineers forecast
an eight- to ten-year lifetime and relocation every two to three years, even in such
harsh climate.>”

The end of the Soviet Union has not stopped the genesis of nuclear engines. In
1992, Khabarovsk design institutes announced “floating river atomic power sta-
tions” with the first to be built on the Amur near Amursk. The reactor, based on
“reliable” submarine models, would be placed on an icebreaking platform with sig-
nificantly strengthened biological shielding to prevent any radioactive release. The
St. Petersburg-based Krylov Central Scientific Research Institute, the far eastern Sci-
entific-Production Association, Energiia, in Khabarovsk, and the atomic Lenin
Komsomol Factory in Komsomolsk were involved in the project. The floating station
would consist of four reactors, each producing several dozen megawatts and costing
only a few hundred thousand dollars.>®

Ideas for nuclear applications were not limited to engines, nor were engineers
always the source of their inspiration. In October 1958, N. I. Titkov, the director of
the Institute of Oil, thanked Kurchatov for his institute’s efforts to build a reliable,
easy-to-use, and portable neutron generator for oil site analysis.>® A patriotic citizen
apologized for bothering Kurchatov but suggested that the physicists should think
about building atomic batteries. His suggestion received a polite “thank you” from
Aleksandrov, who failed to acknowledge that physicists were engaged in this very
research.%0

Today, as the nuclear establishment struggles to retain any semblance of its
former power and authority as Russia’s Ministry of Atomic Energy (MinAtom), its
elder statesmen continue to advance problems for nuclear engines. These engines
are often based on previously classified military research. One plan suggests employ-
ing nuclear icebreakers as floating desalinators. The advantages of this application
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have not changed: Floating power stations of any sort can be built more quickly
than stationary ones; they require less site preparation; they are easy to move into
remote areas; and, owing to their component construction, they arrive at the cus-
tomer’s door, or rather shore, ready to plug in. Emergency or routine repair and
refueling can be accomplished by a ship sent out from Russia’s northern fleet.

The engineers designed one floating seventy-megawatt cogeneration atomic
energy station to power oil and gas exploration and production on the continental
shelf. Platforms used in northern seas must be massive (and therefore expensive) to
withstand the harsh climate, which includes drifting ice and occasional icebergs.
Another proposal called for design of submersible stations, submersible up to a depth
of six kilometers, for various oceanographic research and economic purposes such
as oil exploration; thirty percent of oil and gas reserves are located on the conti-
nental shelf. Russian engineers claimed that submerged atomic power sources might
be a very effective way to provide energy for exploration, repair, transport, and
inspection of drilling equipment. But they recently acknowledged that submersible
devices would be expensive, and hence it would be best to develop them with inter-
national cooperation. No longer secret, Russian design bureaus and industrial enter-
prises that developed applicable technologies for the Soviet Navy are looking for
Western partners and capital in the post-cold war world.®! One scientist complained
that this application hadn’t been explored only because “no one has agreed to dig
[that deep] in Moscow” to test its feasibility. Despite high safety, reliability, and util-
ity in the far north, no country will employ this technology, not just because of
cost, but because these vessels often are not welcome in foreign ports. This situa-
tion must be rectified through “international standards, laws, criteria, and codes.”%

The Soviet Union was not the only nation whose nuclear establishment pur-
sued the development of small, transportable nuclear engines; they were only the
most aggressive in its pursuit. Physicists in the United States designed and built
dozens of test apparatuses and prototype nuclear engines for space, atmospheric,
surface, and ocean transport, including floating devices.5® The most extensive ap-
plications, of course, as in the Soviet Union, were engines for submarines and air-
craft carriers. Even when there was no pressing military or economic reason, the
AEC moved to support the hubris of American engineers, for example, in the devel-
opment of a nuclear locomotive. Lyle Borst, a professor of physics at the University
of Utah, completed the first design in 1954—a 7,000-horsepower atomic locomotive
with a cost estimated at $1.2 million, or roughly twice the cost of diesel power. The
360-ton X-12 locomotive could accelerate a 5,000-ton train from a standing start
in three and a half minutes. Questions of high capital costs, safety, and refueling
doomed Borst’s nuclear locomotive.®*

In the USSR, these problems receded into the background. The desire to demon-
strate peaceful intentions and the need to develop Arctic resources gave scientists
and their government funders every reason to ride the nuclear engine to the end
of the twentieth century. They were so confident of their successes—they had, after
all, mastered nuclear weapons production a decade earlier than Western experts
predicted—that they moved prematurely from experimental devices to applica-
tions in space, in the far north, and in the oceans. They believed that they had
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achieved safe operation in all areas: shielding, fuel handling, hermetic sealing, re-
moval of heat from the reactor active zone, control of the reactor during lengthy
periods of subcritical operation. They designed highly reliable components, from
fuel rods to pumps and generators. Even with prefabricated and block construction,
they were certain that they could manage the reactor during an accident involving
loss of coolant and contain all fission products in event of any accident. But this was
not the full story. For years, Soviet physicists, and in particular officials of the Rus-
sian Northern Fleet, deceived the people of the world about how safe their reactors
were and what they had done with the high- and low-level radioactive waste and
spent fuel associated with their operation.

THE LEGACY OF NUCLEAR ENGINES

Of course, civilian applications of nuclear engines took a back seat to military
ones.% The United States and the Soviet Union in particular were consumed by the
desire to build nuclear-powered submarines. But a description of the first stages in
the development of the Soviet nuclear navy shows how difficult it is to separate mil-
itary from civilian applications. One application served as the justification for the
other. The technical challenges were the same. The personnel involved overlapped
significantly. And the symbolism of peaceful applications was important as a coun-
terweight to military ones.

No sooner had design work for the Obninsk reactor ended than Kurchatov
thought about reactor applications in transport; not an airplane, and certainly not
an automobile, but some kind of ocean-going vessel, whose size allowed adequate
biological shielding—surely a submarine would capture military interest, Stalin’s
fancy, and the funding needed to pursue civilian applications simultaneously. Alek-
sandrov and Kurchatov were engaged in lobbying the government to develop nu-
clear submarines from 1952 onward. Stalin himself approved a crash program in
September. Kurchatov called an acquaintance, Admiral Petr Ivanovich Aleshchen-
kov, from the Navy’s engineering division. Aleshchenkov and Kurchatov talked
informally on the phone about basic parameters, reaching the conclusion that a
graphite-water reactor would be too heavy and need a huge containment vessel. But
Aleshchenkov drew a picture of a submarine that had a reactor as its heart and
excited Kurchatov’s imagination. Kurchatov brought the drawing to Nikolai Dollez-
hal’s attention. Dollezhal developed a first approximation, which he sent up the
chain to the bureaucrats in Minsredmash. Contrary to the image of an all-powerful
and all-wise bureaucracy at the pulse of the nation’s defense needs, those bureau-
crats waited months before responding and did so at a most inconvenient time: In
August 1952, while Dollezhal was on vacation near the Black Sea in the Sochi resort
reserved for Kremlin elite, he received a telegram, calling him back to Moscow
immediately. On arrival, he learned of the decision to build a nuclear navy, starting
with submarines. Aleksandrov was the scientific director of the project, with Blok-
hintsev as his deputy and Dollezhal as chief head engineer. The challenges of creat-
ing a power plant with shielding light and compact enough to fit in a submarine
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were the same as those of the Lenin. The physicists explored a variety of different
reactors, agreeing ultimately that the most logical choice was a pressurized-water
reactor, designated VVR-2, which had been built within two years and operated
within the Moscow city limits.%¢ The Physics Engineering Institute and NIKIET
worked hand in hand on the project. Obninsk scientists later designed liquid metal
reactors that were in fact much more reliable for submarines than were the PWRs.%7

The director of the thermal physics section of the Physics Engineering Institute,
Valerii Ivanovich Subbotin, and his staff carefully followed through on all calcula-
tions. One difficulty had to do with a problem new to shipbuilding—trying to fit so
many crucial technologies into the limited space of a submarine and still ensure
complete radiation safety of the personnel. On the other hand, building an engine
that did not use oxygen or require fuel tanks solved two other normally serious
problems. Late in 1955, they finished construction of a land-based prototype that
reached full power in March 1956 and produced atomic steam and turned turbines
in April. However, persistent leaks and shoddy welding scared a few physicists.
Next Dollezhal brought two shipbuilding engineers, Vladimir Nikolaevich Peregu-
dov and Genrikh Alievich Gasanov, on board. They built a full scale, fully equipped
wooden model submarine, then invited top Navy brass to have a look. The brass
were impressed.®8

The physicists and engineers had to teach sailors about nuclear power, basic
nuclear physics, and the operation of a reactor. The crew got hands-on experience
on board the wooden prototype. Construction on the submarine shell began in 1954
at a factory in Severodvinsk; the reactor was assembled in the ship by September
1956; and the submarine was launched in August 1957. Over the next year, tests
revealed not only the promise of submarines but also the challenges in control reac-
tivity, the need for new instrumentation, and the difficulties in containing radio-
activity. On July 4, 1958, the Leninskii Komsomol commenced operation under nuclear
power, with final testing completed in December. And so, the Leninskii Komsomol
was commissioned in late 1958.69

If only the successes of the Leninskii Komsomol and the Lenin were the end
of the story. The extent to which the Soviet Union used the ocean as a dumping
ground has only recently become clear. Soviet scientific literature has long referred
to the utility of the ocean as a resting place for the hundreds of tons and billions of
curies of high- and low-level radioactive waste. Referring to the experience of France,
England, and the United States, two scientists from the Polar Scientific Research
Institute of Fishing and Oceanography in Murmansk suggested that discharges
of radioactive solutions into the open sea ought to be permitted up to a limit of
500 curies. The growing number of nuclear ships and submarines worried these
scientists, because such disasters as that which befell the U. S. S. Thresher (1964)
seemed to be unavoidable and would inevitably result in toxic fuel contamination
of the ocean. The solution was to design reactors that would remain isolated and
intact even if the ship or submarine sank. Officials at the World Health Organiza-
tion asked in February 1963 that ocean dumping of radioactive waste be prohibited,
because they feared that radioactive products might be transported biologically to
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humans. They noted the absence of any kind of controls to ensure that oceans re-
mained radiologically clean. But the superpowers continued to dump for many
years, with the USSR denying its activities until the late 1980s.7

It was impossible to avoid accidents on a fleet with such a large number of reac-
tors. Their number and years of operation exceeded by an order of magnitude those
of atomic power stations. Most accidents occurred not during operation but during
downtime for repair and refueling, and often when people were new on the job. But
for military officials these were minor risks because Soviet submarines rivaled the
best the West had to offer in terms of speed and maneuverability. Some models
could exceed forty knots by 1970, and Soviet engineers succeeded in making the
submarines quieter by inventing better pumps, improving coolant transport, and ex-
tending the depth at which they could operate beyond 1,000 meters.”

Unfortunately, terrible disasters befell the Soviet Navy. A reactor exploded dur-
ing refueling in Chazhma Bay near Vladivostok. The Soviets also lost vessels to the
ocean floor; some experts estimate that perhaps a dozen Soviet submarines, equipped
with fifty nuclear warheads, sank and were not recovered. Soviet scientists main-
tain that their reactors remain intact and constantly monitor their radioactivity. In
the worst tragedy, the result of a fire on April 7, 1989, the nuclear submarine Kom-
somolets sank in 1,700 meters of water. The ship carried two nuclear-tipped torpe-
does and 116 kilograms of enriched uranium in its single 190-megawatt reactor. All
personnel were lost. If the nuclear material leaks, it will pollute waters from the
Kola peninsula and Scandinavia to St. Petersburg and Helsinki. The reactor was
switched successfully to a stable cool-down mode before the submarine was lost,
and the structural integrity of the reactor seems to be intact. However, the two tor-
pedoes, with six to ten kilograms of Pu and an activity of 430 curies in the war-
heads, may be leaking, and the efforts made to seal holes in the torpedo section of
the submarine to slow seawater corrosion may work only in the short term.”?

More than disasters, Soviet storage, refueling, and waste management practices
showed that engineers overestimated the safety and efficacy of nuclear engines. In
spite of the threat to people of the far north—Alaskan natives, Russians, Swedes,
Norwegians, and Canadians—the Soviet northern submarine and icebreaker fleets
dumped sixteen reactors (six with spent nuclear fuel) into the Arctic Ocean. They
also dumped one shielding assembly with spent nuclear fuel from the Lenin. In addi-
tion, in the Barents and Karsk seas near Novaia Zemlia and the Kamchatka penin-
sula and in Vladivostok near Japan, the USSR dumped liquid and solid nuclear
waste, beginning in 1959. Containers, barges, ships, and submarines were sunk at a
depth of 20 to 300 meters, and some of the 22,000 curies of radioactive waste were
dumped at less than twelve meters. The Murmansk Shipping Company’s Atomflot
facility is supposed to take spent nuclear fuel for reprocessing by railroad to Maiak,
but often they merely store the fuel “temporarily” on site. They can’t afford to pay
the railroad shipping fees. Floating reactor compartments from decommissioned
Russian submarines also are temporarily stored in bays and inlets near Vladivostok
and Murmansk.”

Today, Russia has 235 nuclear submarines, ships, and icebreakers, 228 of which
serve the military and 7 the fishing industry. These vessels have 394 reactors, or
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sixty percent of the total number of reactors in the entire world. Each year, the
operation of these reactors creates 20,000 cubic meters of liquid and 6,000 tons of
solid radioactive waste. The Northern Fleet alone has 62 nuclear submarines with
940 ballistic missiles and 2,804 warheads. There are between thirty and fifty reac-
tors in dry dock on shore, and another eighty await safe, final storage. Over 100 sub-
marines (between 6 and 8 annually) have been taken out of service in compliance
with the provisions of START II. But storage and decommissioning costs have be-
come a burden to the few facilities such as those at the four Severodvinsk factories
that are equipped for this task, and the military has received only about ten percent
of the funds allocated for decommissioning. That a Severodvinsk submarine dry
dock is leaking radioactive waste is no surprise. Four other military radioactive
waste facilities (two in the north and two in the far east) can’t store any more
waste.”

There are twenty preliminary designs on the drawing board for railway, barge,
truck, and small stationary reactors, with the last transported in modules; with
channel-graphite, PWR, BWR, organic liquid, and liquid metal models, from 1.5 to
12 megawatts electric; for use in cogenerating and electric power plants; and for
municipal, river, or ocean use. Scientists justify them for the same reasons they have
always used: the high cost of transporting fossil fuels, the energy density of nuclear
fuel, and the small local power grids that don’t demand much more than a few
megawatts.” So the engineers who succeeded Malykh and Aleksandrov continue to
dream of new applications for nuclear engines to tame Russia’s vast northern lands.



Nuclear Chickens:
Out of the Frying Pan,
Into the lonizing Radiation

I have just finished congratulating Comrade Babichev for creating a salami
that does not go smelly in one day. Otherwise I would not have congratulated
Comrade Babichev. We shall eat it today. Put it down. Never mind the sun.
Don’t be afraid, it will have the aroma of a rose.

—From Yuri Olesha’s Envy!

Sergei Eisenstein, an early advocate of proletarian culture, immortalized one of
the crucible events of the Russian Revolution—mutiny aboard a Tsarist naval ves-
sel, the Potemkin—in a film by the same name (1925). The sailors turn against their
officers when the captain insists that a hanging slab of maggot-infested meat is fit
to eat. The Bolsheviks promised “Bread, Land and Peace!” The bread had religious
significance for the orthodox believer, but it meant much more: Never again would
Russia’s citizens go hungry or eat unfit food. Yuri Olesha’s Envy, while about many
things, is about the building of a sausage factory and the need to feed the masses.
In addition to modern lighting, electrification, and public health, the Bolsheviks
promised a modern food industry and scientifically based nutritional norms. A rev-
olution in the preparation of food had to accompany political revolution, especially
because the new leaders promised no more Potemkin food, and because they con-
trolled and had centralized all food production and sale, from the collective and fish

146




Nuclear Chickens: Out of the Frying Pan, Into the Ionizing Radiation 147 i

farms to the bakeries and sausage factories. How would atomic power continue this
revolution?

Mikhail Ivanovich Bryksin provided one answer. He oversaw the development
of a small nuclear bird town in the early 1960s for three-quarters of a million chick-
ens. His staff zoologist, Lydia Shershunova, operated a series of instruments and
apparatus in the incubators that showered the chickens with ultraviolet rays, in-
frared light, electrons, and gamma rays and lowered infection rates. They treated
eggs, too, with small doses of radiation to accelerate the process by which the
embryos “breathed” oxygen through the shell. They conducted hundreds of experi-
ments with various doses at various stages of development. The results indicated
that ionizing radiation and infrared light could stimulate appetite. “Atomic chick-
ens” produced five percent more eggs than nonirradiated birds; irradiation allowed
chicken farmers to produce healthier birds and secured safe handling of chicken
meat. But it was costly and unfamiliar to simple chicken farmers, so the pilot pro-
gram was abandoned.?

Each year, tens of thousands of persons throughout the world get ill after eating
food contaminated with bacteria. E. coli and Salmonella outbreaks associated with
tainted hamburger, chicken, and other foods have killed hundreds cf people. Botu-
lism continues to be a risk. Canned goods are almost one hundred percent safe
because food processors long ago abandoned lead solder and learned how to package
food. But the food is not fresh. Fumigation with pesticides and herbicides, and the
addition of such preservatives as sulfites, nitrates and nitrates, and BHT and BHA
also have their opponents. Many foods continue to spoil between harvest and deliv-
ery to the consumer, a loss costing billions of dollars. To combat these problems, why
not use the power of nuclear energy—low-level ionizing radiation—to preserve
foods? Since the dawn of the nuclear age, physicists have explored this possibility
because of their conviction of the safety and efficacy of radiation preservation.

There have been many setbacks in scientists’ efforts to commercialize food irra-
diation. The process often produces olfactory discomfort associated with organo-
leptic processes (that is, processes affecting the sense organs; for example, sensations
stimulated by a putrid smell or a green, rotten appearance). Modest doses of radia-
tion can ruin the taste and texture of fruits and vegetables. Some scientists have also
produced data (which are dismissed by most food scientists) that show a higher inci-
dence of tumors in laboratory animals that have been given a steady diet of irradi-
ated food. Consumers raised during the cold war tend to associate radiation with
danger, concluding that irradiated products must be unsafe. They may fear fluoride
treatment of the water for similar irrational associations. Finally, cost considerations,
especially capital start-up costs, have blocked more widespread adoption of the
new technology; traditional methods of preservation, with improvements in vacuum
packaging, packaging materials, and refrigeration, are both familiar and cheaper. Yet
nearly seventy countries had significant radiation sterilization programs, and forty
have approved the sale of irradiated products.

All methods of conservation of food products (sterilization by heat, salt, and
smoking) call forth changes in organoleptic characteristics and chemical makeup.
Proponents of food irradiation were convinced that they could master the new tech-
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nology in such a way as to produce the fewest of those changes. The promise of mass
production of food products that could be shipped anywhere without the danger of
spoiling, putrefaction, and infestation intrigued them. The allure of the mighty
atom and the ease with which ocean-going fishing vessels or even tractor trailers
could be fitted with portable gamma radiation sources helped overcome lingering
doubts about the feasibility of food irradiation. And once again, the race among the
superpowers to be first in commercializing food irradiation, both for economic and
ideological reasons, led proponents to underplay uncertainty about cost, efficacy,
and safety, even in the face of data that indicated all was not well. To the disbelief
of Westerners, Khrushchev himself claimed in 1958 that the Soviet Union, that most
progressive of nations, was the first to approve irradiation of potatoes.

The Soviet food irradiation program was extensive by the early 1950s, although
how extensive—and how early it commenced—is hard to pin down. Owing to the
cold war umbrella of secrecy, Soviet scientists were unable to publicize their achieve-
ments widely until after the Geneva conferences. Beginning in the 1960s, articles
appeared regularly on the subject in such journals as Voprosy pitaniia (Issues of
Nutrition), Radiobiologiia (Radiobiology), Gigiena i sanitariia (Public Health and
Sanitation), Rybnoe khoziaistvo (Fish Industry), and Konservnaia i ovoshchesushil -
naia promyshlennost’ (Canning and Vegetable Processing Industry). The content of
these articles indicates that policy makers and scientists decided early on to apply
radiation preservation on a broad scale to deal with waste and rotting of foods be-
tween the time of harvest or slaughter and the time of purchase in stores. Soviet sci-
entists irradiated potatoes to prevent eyes from forming. They disinfested dried fruit
and grains with radiation produced from industrial electron accelerators. Those
working in the meat packing industry even studied the possibility of irradiating
live animals prior to slaughter to prevent proteolytic deterioration (the breakdown
of proteins) in meat later preserved by gamma radiation. These scientists worked
primarily in research institutes of the Academy of Medical Sciences, the food indus-
try, and the Academy of Sciences. Researchers in mirror institutes in almost every
republic joined the massive effort to promote food irradiation as cheap, safe, and ef-
fective. Despite significant attention from Soviet leaders, and a substantial share
of national annual investment capital, agriculture remained undercapitalized. Most
roads were dirt or gravel and therefore nearly impassable during the spring thaw
and fall harvest seasons. Refrigeration equipment was scarce. The mighty atom
would bring agriculture, the sore spot of the Soviet economy since its early days,
into the modern era.

In many respects, the Soviet food irradiation program resembled that in the
United States.? Military concerns about the difficulty of providing soldiers in the
field with unspoiled food, even in the most inhospitable circumstances (such as dis-
tant jungles or deserts) or in situations of difficult supply and resupply (such as
space) gave impetus to early research. In both countries, enthusiasm among scien-
tists who were connected with the weapons programs and wished to see good come
from the peaceful atom grew quickly. And in both countries, grain, fruit, and veg-
etable growers and fish and meat producers were intrigued by the idea. But neither
the Americans nor the Soviets seemed able tc resolve conclusively questions con-
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cerning the safety and efficacy of irradiated products. A major difference between
the two countries was the lack of consumer awareness of food irradiation programs
in the USSR. The Soviet citizen was raised to believe that science and technology
were inherently safe and that one who stood in the way of progress was either an
ignorant Luddite or an obstructionist enemy. In any event, the government didn’t
tolerate opposition. Hence, opposition, or at least the admonition to go slowly,
would have to come, if it came at all, from within the scientific sphere—in this case,
from radiation safety experts in the Soviet Academy of Medical Sciences.

BACTERIA BEWARE: THE MOBILE GAMMA [RRADIATOR IS COMING

After initial results showing that ionizing radiation was effective in killing bacteria
or significantly slowing its growth, governments around the world underwrote the
development of prototype food irradiators. These came in many forms. Some were
mobile, small enough to fit in a semitrailer for use in the field after picking berries,
tomatoes, and other fruits and vegetables. Larger irradiators might sit in the hold
of a ship, making longer fishing runs possible. The developers of the technologies
stressed their safety, cost effectiveness, and ease of operation; these devices also could
be operated by even unskilled field-workers. This was a technology that would not
only irradiate food but also solve broader social problems. Researchers forecast the
significant cost benefits of centralized retail meat cutting over conventional, in-store
meat cutting, even though labor union contracts, meat merchandising, and meat
shelf-life limits remained as obstacles to implementation.*

The technology itself was rather simple. Radiation sources might be %°Co and
137Cs for gamma rays, cathode ray tubes (electrons), Van de Graaff accelerators for
direct use of electron radiation, linear electron accelerators, and X-rays. There were
positive and negative features of each. Scientists understood X-ray technology quite
well, but the process was too expensive. They were attracted to the low cost and
widely available gamma radiation from fission products in spent uranium fuel rods
from reactors. Spent fuel elements caused significant problems, however, because
hot fuel elements with an activity of hundreds of thousands of curies had to be
transported safely to appropriate facilities in shielded transport containers that
weighed five to six tons. The facilities included special remote handling apparatus
and good biological shielding, and installation of these components led to high cap-
ital costs. Cobalt-60 has a half-life of 5.25 years and must be replenished annually,
but it is cheap. Cesium-137 has a half-life of thirty years, but it is expensive and
difficult to handle, having to be encapsulated in stainless steel because it is easily
soluble and also is stigmatized as a weapons by-product. Food scientists were con-
fident that valuable fission products could be separated and concentrated under
conditions of large-scale production. The advantages of accelerators was that they
could be started up and shut down at any time; maintenance and repair were sim-
ple because no shielding was required when a facility was down; and transport of
radioactive material was eliminated. Also electron beams were of high intensity, so
their dose rates exceeded those of isotope sources by a factor of several thousand;
hence, objects could be irradiated for a very short time. However, the penetrating
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capacity of electrons was much lower than that of gamma radiation, so the beams
could be used only for treating thin objects or product surfaces; or the electron beam
could be converted to X-rays by allowing the electrons to hit a heavy metal target.
The resultant X-rays could be used to treat foods of a thickness similar to that of
foods treated by gamma rays.

Many foreign countries looked to the United States for leadership in food irra-
diation and had done so since the Geneva conferences of the mid-1950s and the
establishment of the International Atomic Energy Agency (IAEA). Early basic re-
search was centered in Europe. Then the United States took over much of the devel-
opmental work. Now England, Germany, the Netherlands, Canada, Japan, Sweden,
and the Soviet Union moved quickly ahead. In 1971, twenty-three countries orga-
nized the International Project in the Field of Food Irradiation, cosponsored by the
Organization for Economic Cooperation and Development (OECD) and IAEA, to
produce experimental data on the wholesomeness of irradiated foods, and to save
costs and develop data of internationally recognized quality. The program was
located at the Institute for Radiation Technology of the Federal Research Institute
for Food and Nutrition, at the Karlsruhe Nuclear Research Center in Germany. As
of February 1966, the United States had loaned or agreed to loan irradiators or
radiation sources to seven countries: Israel, Iceland, Argentina, India, Pakistan,
Venezuela, and Chile.®

By the mid-1960s, over fifty nations had scientific staffs conducting research
and another twenty-six had begun programs; and twenty international organiza-
tions were actively involved in research, development, and coordination of irradia-
tion activities. In 1966, there were only twelve pilot irradiation plants and experi-
mental facilities in the world. By 1975, there were seventy pilot plants, of which eight
were in the United States, five were in the Soviet Union, five in Eastern Europe, and
twenty-eight in developing countries (see Appendix, Table 14).” The World Health
Organization had convened an “expert committee” on the wholesomeness of irra-
diated foods. In 1970, the committee gave clearance for five years to irradiated
wheat and potatoes for human consumption. In 1976, the committee recognized
five irradiated food items (potatoes, wheat, chicken, papaya, and strawberries) as
“unconditionally safe” for human consumption. Three foods (rice, fish, and onions)
gained “provisional” approval. Of course, the USSR, which by this time had the most
active program, directed its early attention to the potato.

A BRIEF HISTORY OF SOVIET POTATOES

In contrast to the food irradiation program in the United States, where the govern-
ment only belatedly permitted mass marketing of radiation-treated foods, the Soviet
program moved beyond research to broad application by the late 1950s. The Soviet
scientists followed the progress of their American colleagues in “cold sterilization”
closely. In the early 1950s, M. N. Meizel at the Institute of Biophysics in Moscow
examined what doses were sufficient to eradicate harmful organisms in meat, fish,
fruit, vegetables, and juices. They used cobalt sources and Van de Graaff accelera-
tors. At the Scientific Research Institute of Grain, scientists explored disinfestation.
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The USSR became the first country to clear irradiated foods for human consump-
tion when it approved the sale of irradiated potatoes in March 1958; this approval
was followed a year later by an approval for the irradiation of grain to eliminate
insect infestation. And the USSR brought the world’s first irradiation pilot plant on
line. Its facilities included the Experimental Gamma Irradiator EGO-2 and the
EGO-20, the GUBE facility developed at the Institute of Biophysics, the canning
and vegetable industry’s processing high-intensity gamma irradiator (which used
a 240-kilocurie 8°Co source), the grain industry’s gamma irradiator (which used a
35-kilocurie 8°Co source), and a series of reactor irradiation loops such as that at the
IRT-2000 nuclear reactor at Georgian Academy of Sciences in Thilisi.® The Soviet
official hoped that ionizing radiation would save Soviet agriculture from its tradi-
tional stumbling blocks of poor transportation and limited refrigeration infrastruc-
ture. There would no longer be hungry Communists waiting in line for spoiled food.

When he came to power, Khrushchev renewed the Soviet industrialization and
urbanization efforts of the 1930s. He focused his appeals to the worker to toil
harder for the glorious communist future with promises of a shorter work week,
higher salaries, more housing, and more wholesome food. But comfort came with a
price. The food industry had gained increasing responsibility for feeding millions of
persons daily in dining halls whose assembly lines were capable of mass-producing
only small portions of soup, bread, potatoes, and fatty, unidentifiable meat chunks.
Anyone who has eaten in a Soviet factory, school, public cafeteria, or dining hall
will testify to their low standards of hygiene: filthy countertops, inadequately
cleaned utensils and plates, shared glasses, and unhygienic and often undercooked
meals. Those with an iron stomach survive; the bowels of mere mortals quake when
confronted with the choice of “vinaigrette” with rancid sunflower seed oil or room-
temperature white pork lard (“bakon”). Open-faced sandwiches, slathered with
butter, anointed with hard-boiled eggs and cold cuts, and displayed at room tem-
perature all day were hardly a safe alternative. How would officials deal with the
potential for food poisoning in an increasingly mechanized and overly centralized
food industry? Officially speaking, industrialized, scientific food production was the
answer. Indeed, the modern food industry contributed to fewer outbreaks of food
poisoning in the postwar USSR, even though the absolute number of cases contin-
ued to rise (so much so that the Central Statistic Administration ceased to publish
statistics).® Once again, as with mining and electrification, the hope was that nu-
clear technology would solve the problem.

By 1957, the food industry had thirty different branches with 22,000 employ-
ers and three million employees. The production of fish, meat, sausage, animal
and vegetable oils, and milk products had doubled since the beginning of World War
II. There were major meat factories in Moscow, Leningrad, Baku, Sverdlovsk,
Kuibyshev, and Dnepropetrovsk. Nearly 500 industrial meat combines processed
12,000 tons of food products per shift, supplemented by 245 chicken combines,
300 slaughter houses, and 500 sausage factories. The largest meat factories turned
out 150,000 cans of what was called “meat” in one shift. The largest sausage facto-
ries squeezed out 200 tons of smoked products weekly. To meet the major goal of
surpassing the United States in per capita production of meat, milk, and butter by



i 152 Red Atom

the mid-1960s, the industry would be modernized with assembly lines and freez-
ers.!” There was also a place for food irradiation in the modern Soviet factory.

The fishing industry had grown even more rapidly, ranking second behind
Japan by 1960. The number of fishing vessels grew nearly fourfold between 1940
and 1957, with an increasingly large portion of the catch coming from the oceans.
The fish industry had modernized ports at Murmansk, Arkhangelsk, Kalingrad,
Riga, and in the far eastern cities of Nakhodka, Petropavlovsk Kamchatka, and
Vladivostok. New refrigerator and freezer ships trawled the seas. Whales were nearly
ten percent of the catch.!! Couldn’t on-board ship irradiators ensure that a larger,
fresher catch made it to the consumer?

Soviet food scientists were no fools. They began to explore irradiation with the
noble potato as their experimental subject. The potato has long been an important
source of nutrition in Russia and Ukraine. Through the 1980s, the USSR produced
an average of seventy-five to eighty million tons annually (one-quarter ton per per-
son per year). Russian cookbooks hold dozens of recipes for the ubiquitous, eternal
potato. Yet potatoes cannot be stored easily all year long. In contrast to most veg-
etables, potatoes do not take well to freezing temperatures, for their taste, consis-
tency, and culinary properties deteriorate. They become unnaturally sweet and soft
as a result of changes in their carbohydrate composition, they turn dark when
cooked, and they lose vitamins. They also decay considerably faster when tem-
peratures rise in the spring. Anyone who has visited a “vegetable-fruit” store in the
Soviet Union in March or April before new produce appears is familiar with the
earthy odor of overripe and spoiled potatoes. The preparation “M1,” a dust that
contains 3.5 percent alpha-napthyl methyl acetate, applied to potatoes at a rate of
3.5 kilograms per ton, delays sprouting. But it must come into contact with each
tuber; and after dusting, the potatoes must be kept covered with paper or straw mat-
ting, which interferes with ventilation and allows them to become wet. For Soviet
food specialists, irradiation of tubers was the solution to this problem. The govern-
ment approved the process in 1958; by 1965, food scientists had developed what
they called “industrial radiation processing.”

Scientists at the A. N. Bakh Biochemistry Institute in Moscow first set out to
irradiate tubers. They encountered a series of problems but solved each one. Irradi-
ation decreased the natural resistance of potatoes to plant parasites, so losses from
diseases were greater than in unirradiated tubers. Potatoes whose disease resistance
has been lowered by some other cause—for example, bumps and bruises caused by
rough handling during storage and shipping or exposure to moisture—were further
weakened by irradiation. After studying the effects of ionizing radiation on the
chemical composition of potatoes and other vegetables—on the starch, monosac-
charides, sucrose, vitamin, and protein and nonprotein nitrogenous compounds—
scientists determined that potatoes should not be irradiated immediately after
harvest but should be treated later, after being stored for at least two weeks at room
temperature and at relatively high humidity. These were conditions favorable to
rapid formation of wound periderm (a protective layer of secondary tissue). Unfor-
tunately, the collective farm peasant did not always cooperate with efforts to pre-
vent damage during harvest, shipping, and storage of the tubers.
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By the end of 1961, Bakh Institute scientists designed the world’s first full-
fledged irradiation pilot plant to simulate industrial production conditions for
potatoes. It began operation in 1964 at the Dzerzhinskii Base for Moscow Fruit and
Vegetable Procurement. For their industrial-scale experiments, scientists acquired
potatoes from a nearby Moscow state farm, where the potatoes had been stored
under ordinary, uncooled conditions for a month. They were delivered in contain-
ers with capacities of 300 and 500 kilograms to the irradiation facility, where they
were irradiated with doses of 5, 7.5, and 10 kilorads. The facility had a capacity
of 20,000 tons per season, but only 200 tons were irradiated the first year. These
tubers sat for the winter, then were examined in June and July of the next year. Six
percent of the potatoes in the control group had sprouted by June, and these unir-
radiated potatoes were unfit for sale or consumption in July, whereas only two per-
cent of the tubers irradiated with 5 kilorads had sprouted by July, and spoilage rates
were significantly reduced. The irradiated potatoes were then shipped to the Trans-
polar, Transcaucasian, and Central Asia regions of the country for further storage
and, as far as I can tell, then sold to consumers. By November, those that had been
irradiated with 7.5 kilorads had formed sprouts, but those irradiated with 10 kilo-
rads remained edible.

Larger amounts of potatoes (thirty to forty tons annually) were also irradiated
at the Bogucharovo branch of the All-Union Research Institute of the Canning Indus-
try (VNIIKOP, near Tula) over a three-year period. Stored for six months after irra-
diation, the potatoes could be used satisfactorily as chips, flour, or dried products.
Soviet potato chips, of course, hardly made up in shelf life what they lacked in taste
and texture. But specialists at the Institute of Economics added their seal of approval
to radiation processing by calculating that the cost of irradiation was economically
justified, based on the assumptions of large supplies of potatoes and vegetables
and low transport costs.'? Despite this success, the Dzerzhinskii and Bogucharov-
skii plants were clearly too small to handle a large supply of potatoes, and their high
capital costs convinced officials not to pursue a larger program. As was often the
case in the Soviet Union, the high-level attention ensured local success but not exten-
sive diffusion, and most fruit, vegetables, and tubers continued to spoil between
field and store.

As in the United States, the first steps in food irradiation in the USSR were
taken in military research institutes and first reported in their journals. Early re-
sults indicated that Soviet scientists were aware of the significant impact of ioniz-
ing radiation on vitamin C and carotene in several different food products. In one
set of experiments carried out under military auspices and published in the Mili-
tary Medical Journal, researchers used a gamma source of %°Co on pickled cab-
bage, tomato paste, vitamin C in the form of syrup, and a carotene preparation.
The authors claimed that there was very little change in the nutritive value of these
foods, even after large doses of gamma rays; in fact, losses of thirty to sixty percent
of the vitamins were experienced.'® In follow-up experiments, G. M. Egiazarov
continued to examine the degree of destruction of vitamins A, B, B,, C, and E,
and carotene in a variety of foods: beef liver, milk, cheese, carrots, tomato paste,
roast beef fat, grains, fish, liverwurst, potatoes, and sauerkraut. The products were
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irradiated in the dark at 5°C at 18,000 rads per hour at an energy of 1.17 mega-
electronvolts and doses of 50,000, 100,000, and 150,000 roentgens. Vitamins B, B,,
and A were retained virtually unchanged in all products, whereas vitamin E in
milk, butter, and sunflower seed oil and carotene in beet fat were destroyed.

Early cold sterilization efforts focused logically on dairy products for two rea-
sons: the importance of milk to children and its short shelf life even after pasteur-
ization. Soviet scientists followed foreign research on cold sterilization of milk,
cheese, cream, and butter with interest, commencing their own programs in the
early 1950s. They were convinced of the complete safety of the process for many
foods. The only drawbacks seemed to be that cold sterilization intensified natural
processes of autooxidation and organoleptic deterioration, especially in foods with
a high fat content. To put it in simple terms, irradiation preserved milk but gave it
a strong sulfur odor and an unpleasant taste, which made the product unpalatable.
The addition of antioxidants and the heating of the product to 30° to 35°C during
irradiation often countered these undesirable side effects. Food scientists turned to
irradiation of sunflower oil, subjecting it to a dose of 180 kilovolts of X-rays. This,
too, led to undesirable effects, but they were completely removed by irradiation at
higher temperature and the addition of ascorbic and citric acids. Such treatment
allowed storage at a low temperature (3°C) for up to 240 days.!®

This research raised a series of questions. One was whether foods sterilized by
ionizing radiation at such high doses as were then standard called forth any radioac-
tivity in the food products themselves. In some foods, radioactive isotopes of oxy-
gen, nitrogen, and carbon were formed and, although all had short half-lives of sev-
eral minutes (3N, ten minutes; 130, two minutes; and ''C, twenty minutes), their
presence raised concerns of artificial radioactivity. Studies showed that if neutrons
or other radiations have an energy of less than ten megaelectronvolts, then the ener-
gies are too low to convert stable chemical elements in food products into radio-
active ones. Holding the products for fourteen hours ensured that the induced radio-
activity did not exceed natural radiation levels of the food. Most food specialists
recognized the need for lower levels of energy. Others remained unconvinced, espe-
cially because long-term feeding tests of mice with irradiated food products had in-
conclusive results, some showing no impact, others indicating impact on growth
and sexual function.!®

Leningrad was a logical setting for early food irradiation research. The USSR’s
nuclear navy was based in Leningrad, where a series of military-technical institutes,
design bureaus, and construction trusts contributed to its development. In the late
1950s, in Gatchina outside of Leningrad, physicists established a special institute
for nuclear physics. The Sosnovyi Bor nuclear power station with four Chernobyl-
type RBMK reactors was nearby. Military scientists in one Leningrad establish-
ment, the Kirov Military Medical Academy, were extensively involved in various
aspects of radiation safety, including human exposure studies. An early study dealt
with the advantages of ionizing radiation for sterilization of food products over such
traditional methods of conservation as heating, which led to undesirable changes in
color, flavor, texture, and smell, and loss of vitamins. These changes were particu-
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larly undesirable in fruits and vegetables, which have a much more fragile constitu-
tion than meat. Kirov Academy scientists touted cold sterilization for its efficacy,
simplicity, and low cost. The major problem was to determine a level of radiation
low enough to destroy microfauna but not produce organoleptic changes. They
determined that #°Co, ¥7Cs, 99Pd, and '8%Ta were effective sources of gamma rays
that penetrated more deeply than X-rays up to ten megaelectronvolts and therefore
were good for cold sterilization. Cathode ray tubes and Van de Graaff accelerators
that produced beams of high-energy electrons might also be used, but the acceler-
ated electrons did not penetrate as deeply as gamma rays did. Linear accelerators
would be better. In any event, various bacteria, yeast, and molds all showed resis-
tance to the impact of ionizing radiation, especially in such dangerous bacteria as
Clostridium botulinum, which continued to grow for hours after irradiation with
lethal doses. Unfortunately, doses of one megarad and higher killed them outright
but provoked organoleptic changes in the foods themselves. It remained to find ways
to lower the dose, yet still kill microorganisms, perhaps in concert with food addi-
tives or modifications in the entire process.!” Like their colleagues in the United
States, they determined that blanching the food product at 60° to 80°C to inactivate
various enzymes, vacuum packing to exclude the atmosphere, freezing to -40°C,
and then irradiating would solve all their problems. But the process had just become
longer and more expensive.

A logical application for Soviet agriculture was radiation disinfestation of food
products such as grains, groats, dried fruits and vegetables, and dry food concen-
trates. Chemical and thermal methods of disinfestation have many drawbacks. It is
nearly impossible to entirely remove from food products the fumigant and other
residues that might hurt the consumer if ingested. Moreover, the chemicals cannot
reach the interior of the fruits and vegetables. And some foods cannot readily be
treated by fumigants or hot air. Soviet scientists at the All-Union Research Institute
of Grain (VNIIZ) and VNIIKOP turned therefore to the study of the action of ion-
izing radiation on insects. Using a cobalt source, scientists applied either lethal doses
or small doses that sexually sterilized the insects. Generally, depending on the dose,
radiation slowed insect respiration and food consumption, prevented reproduction
by preventing development of eggs, larvae, and pupae, or killed the insects outright.
Scientists were happy to discover no evidence that irradiation led to the develop-
ment of insects with significantly greater radiation resistance, nor did they mutate
into more virulent eaters. The studies also demonstrated that carbohydrates, pro-
teins, and, to a certain extent, fats in various grains were not changed significantly
by irradiation. It was quite important for the Russian diet and psyche that bread-
baking properties changed very little.

SILENT AUTUMN

Radiation sterilization was an important technology for a country with significant
problems in both harvesting grain and delivering it to mills and bakeries before
spoilage and infestation. On the basis of early studies, the USSR Ministry of Public
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Health in 1960 authorized the use of food products made from wheat irradiated
with 100 kilorads. In the United States, authorization was granted in 1963 for com-
mercial use of grain irradiated at doses ranging from twenty to fifty kilorads. Tests
at a VNIIZ pilot plant constructed in 1963 showed that irradiation of grain at doses
ranging from eleven to eighteen kilorads completely destroyed pests and allowed
grain to be stored for at least four months without damage or deterioration in qual-
ity. VNIIZ researchers developed a gamma irradiator capable of handling 400 kilo-
grams of seed per hour, and scientists at the Institute of Biophysics designed a two-
ton, portable, cesium irradiator of grain with a capacity of one ton per day.'® Once
again, the Institute of Economics provided its cost imprimatur by showing that radi-
ation disinfestation was cheaper than chemical disinfestation.

Scientists in the United States, England, Canada, France, and the USSR put two
and two together (isotopes and trucks) to manufacture portable irradiators that fol-
lowed the farmer into the field.' In the early 1960s, Soviet specialists affixed an
irradiator with a capacity of twenty kilograms of grain per hour to the chassis of a
standard ZIL-131 truck. A 3,500-curie 1*’Cs source powered the Kolos irradiator. It
permitted doses of 750 to 1,000 rads and processed one ton of grain or fodder hourly.
Researchers recommended serial production of the Kolos for installation on fleets of
trucks. In 1968, workers processed 760 hectares of grain on Moldavian farms; in
1969, 1,250 hectares; in 1970, 4,000 hectares or a total of 102 tons. They expanded
the Kolos’s operation to Kirgizia for sugar beets and sunflower seeds, but that oper-
ation was only a small, demonstration program.2’

Because irradiation causes changes in the biochemistry of the grains (partial
oxidation of carbohydrates, destruction of fats with consequent formation of per-
oxides, changes in the quantity of vitamins and in some cases their destruction),
researchers turned to an investigation of whether consumption of these products
might impair sexual function and growth and development of progeny or increase
mortality. By the early 1970s, Soviet researchers were divided on the issue of the
safety of irradiated products, despite their agreement on the efficacy of cold ster-
ilization. In one study, researchers examined three generations of rats and six gen-
erations of mice fed irradiated grain over eighteen months to see whether any essen-
tial differences developed between control and experimental animals in weight,
physical development, natality, morphological blood picture, and activity of the
oxidizing blood enzymes (peroxidases and catalases). They concluded there was
none.?! But in another experiment, rats were fed beef, cod filet, green peas, rye
bread, and oats that had been sterilized by using a ®®Co source. In these animals, sex-
ual function was inhibited, as was growth and development of progeny. The prog-
eny also had increased mortality rates. Daily introduction of a vitamin E oil con-
centrate seemed to reverse these phenomena almost entirely, a result leading the
researchers to conclude that the unfavorable effects of the irradiated food products
were associated with the reduced nutritive value of the products.?? The question
that no one seemed to ask was whether a modern technology that destroyed an
essential nutrient, therefore required the addition of that same nutrient at another
stage of the process resulted in a more wholesome product, let alone whether it was
worth the cost and effort.
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Industrial accelerators could also be used for disinfestation. Physicists at the
Budker Institute of Nuclear Physics in Akademgorodok took the lead in the devel-
opment of this technology. In 1966, the State Committee for Science and Technol-
ogy approved their proposal to set up a small-scale serial production facility for high-
power accelerators that ran on 220-volt current and, when turned off, were no more
dangerous than a typewriter. The institute gained control over the profits earned in
the sale of the accelerators money and pumped that money back into its research
program. The parameters of the industrial accelerators covered an energy range
from 0.3 to 2.5 megaelectronvolts and a power range from hundreds of watts to
hundreds of kilowatts. There were three kinds of these machines: the ELIT accel-
erators were based on high-voltage pulse transformers and were primarily used
for experimental studies; the ELV operated on the commercial frequency, and the
ILU-type accelerators were based on RF (high-frequency) resonators. The latter two
machines found broad application in industry, agriculture, and medicine. One such
application was irradiation of grain to destroy insects. Introduced experimentally
at the Novosibirsk Grain Elevator of the Siberian branch of the All-Union Grain
Research Institute, this type of accelerator was installed at the Odessa port elevator
and in five other installations on the Volga and Don rivers. The accelerators were
also used for the preparation of animal feed by radiolysis (chemical decomposition
by the action of radiation) of inedible plant material, disinfestation, sterilization,
pre-sowing radiation, and radiation-induced mutations for breeding.>®

Once research left the shield of military secrecy, much of it was carried out in
the division of food safety of the Institute of Nutrition of the Academy of Medical
Sciences under 1. 1. Shillinger, who first studied the potential carcinogenicity of
additives, pesticides, and herbicides. Although no Soviet Rachel Carson publicized
the dangers of these chemicals, scientists were concerned about their overuse be-
cause of the new food program promulgated under Khrushchev that called for the
“chemicalization” of agriculture to increase yields. Soviet agriculture was intensely
chemical, with amounts per hectare of herbicides, pesticides and fertilizers anointed
per acre ultimately exceeding those used in the United States by threefold, and even
fivefold, by the 1970s. The goal of Shillinger’s research was to protect the inhab-
itants of the Soviet Union from additives—including radiation—that were car-
cinogenic. He called for food specialists in leading institutes in the USSR to carry
out work on the subject in first-rate laboratories staffed by qualified personnel.?*
With researchers in the F. F. Erisman Moscow Scientific Research Institute of Pub-
lic Health, Shillinger and his colleagues showed that irradiation did not affect the
wholesomeness of dried fruits, potatoes, and other vegetables, and that there were
only minor changes in vitamin, carbohydrate, and protein content.

Each branch of the food processing industry had its own laboratories for exam-
ining the promise of this new technology. Specialists at VNIIKOP found it difficult
to manage ionization sterilization of fruit and vegetables, especially of fragile fruits
such as raspberries, which have a short shelf life and serve as a fertile home for
microfauna. Like scientists at the University of California Davis, Soviet food spe-
cialists experimented on berries by using rather low doses. Kudriasheva and Med-
vedskaia, who worked in the laboratory of microbiology and entomology at a branch
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of the canning institute in Bogucharovo, used a %°Co multipurpose irradiator for
raspberries in standard containers at two levels of power, 23 and 150 rads per sec-
ond, and three different gamma-ray doses: 300, 400, and 500 kilorads. When irra-
diated at the higher level, the raspberries could be stored at 20°C for one to two days
longer; and at 5°C, they lasted for three to four days longer.2® This was hardly a
monumental increase in shelf life and did nothing about the heavy hands of ship-
pers and packers in the Soviet food industry. The average citizen rarely saw a fresh
raspberry in any event.

Other VNIIKOP scientists conducted experiments in preparation for building
an industrial pilot plant for dried fruits with a throughput of 1.5 tons per hour. They
forecast that it would be ten percent cheaper to use than chemical methods. The
experiments showed that there were no “nutritionally significant losses” in most
fruits—for example, of ascorbic acid—under modest doses of radiation. The Min-
istry of Health gave approval for use of these products as food. Then VNIIKOP
scientists ran into significant problems. When fresh fruits were treated with irra-
diation sufficient to destroy microorganisms on the surface of the fruit, the fruits
themselves became soft, altered in color, changed taste, and lost natural microbial
resistance, especially if the skin of the fruit had been damaged. Further, the micro-
organisms were quick to return in large numbers. Irradiation technology turned
out to work better with fruits that are harvested partially or fully ripe and thus
have a relatively short postharvest life. Yet with those that “ripen” on the way to
market and on the table, even treatment with ethylene could fail to trigger ripening
after irradiation. In some fruits (tomatoes), irradiation provoked anomalous ripen-
ing. Furthermore, one could not expect to make good fruit out of bad by the irra-
diation process: If infection was related to endemic handling and transit injuries,
and the presence of pathogens such as fungus spores was high, then the dose
required to kill the infection was too great and destroyed the fruit. Said V. I. Roga-
shev, of the All-Union Scientific Research Institute for Canning and Vegetable Dry-
ing in Moscow, “It is clear that the irradiation of fresh fruit and vegetables is not as
simple a matter as it appeared initially.”26 Soviet scientists seem to have been unable
to lick the difficulties of irradiating fruit, especially given the poor state of their har-
vesting and handling equipment and the poorly paid workers who lacked any incen-
tive to operate it well.

VNIIKOP researchers determined that they needed to understand fully the char-
acteristics of cells of irradiated microorganisms to determine optimum conditions
for irradiation of food products and stifle the growth of microflora and microor-
ganisms such as C. botulinum. The most radiation sensitive species are the Gram
negative bacteria, especially Pseudomonas aeroguinosa, Escherichia coli, Salmonella
typhosa, and Servatia marcescens, where from 25 to 250 kilorads are required to
destroy 102 per milliliter. To inhibit growth of botulinum type A spores at a con-
centration of 102, a dose of about five megarads is needed. Other studies showed
that radiation resistance decreases in the presence of oxygen. To be certain that all
activity of microorganisms has been suppressed, a dose of four to seven megarads is
needed if the pH of the product is higher than 4.5, but a dose of only one to three
megarads is required if the pH is below 4.5, because C. botulinum spores do not ger-

—



Nuclear Chickens: Out of the Frying Pan, Into the Ionizing Radiation 159 .

minate to the vegetative stage (when they secrete their toxins) if the pH is more acid
than 4.5. However, such large doses cause changes in the organoleptic properties of
many products, the most obvious of which was a sulfur odor, and this unwelcome
outcome limited high-dose applications to the production of canned goods.?”

TRIM WITH AN AXE, HANDLE WITH CARE

Naturally, another goal of irradiation was to increase the shelf life of meat. An in-
crease of a few days of shelf life would be of great economic value, especially because
in the modern world, the distances that meats travel from point of slaughter to mar-
ket is often hundreds of kilometers. Think of the international sale of New Zealand
lamb. Think of the changes in the United States since Chicago became its meat cap-
ital and grain elevators and stockyards dominated the landscape. Railroads con-
tributed to Chicago’s preeminence, allowing most shippers to send their meat and
other products eastward through the city. Eventually the packers and the railroad
owners consolidated their operations in the huge Union Stock Yard. Once they had
introduced refrigeration into the process, they were able to market western beef,
already dressed, at prices that eastern producers could not match because produc-
tion in the West was cheaper. Butcher shops displayed the trimmed, dressed meats
in an attractive fashion, harnessing impulse buying in the consumer.?8

In the Soviet Union, several of these items were present: centralization, rail-
roads, and long distances from slaughter to market. But much else was not: refrig-
eration, high-quality beef, and attractive displays. Irradiation promised a solution.
When meat is refrigerated, cooled on dry ice, or even frozen, transport works well;
but when food is defrosted, its quality declines. Irradiation would make cheaper
transport possible, with only cooling and thicker stacking of dressed and undressed
carcasses. Soviet scientists determined that irradiation with 0.5-megarad doses in-
creased the storage time of meat at 3°C up to six months. Raw pork vacuum-packed
in plastic wrap and irradiated with a 0.9-megarad dose kept four months at the same
temperature. Scientists at VNIIKOP produced cut-up beef, pork, rabbit, and chicken
packaged in film in vacuum. It kept seven to ten days at 20°C or eight weeks at 5°C
when irradiated with doses of 500 to 600 kilorads. The meat dishes, according to
“professional taste panels and consumers,” had good taste properties and were
used with the approval of the USSR Ministry of Public Health in train dining cars
and with no complaints from patrons or chefs.?? Having eaten in many of these
dining cars myself in Ukraine, Russia, and Siberia, I have strong doubts about the
quality of these products, let alone their ability to make up for the filthy conditions
in the kitchens.

Meat products gained considerable attention both because vegetables and fruits
turned out to be far more susceptible to damage from ionizing radiation and because
fresh vegetables were available only in the summer months. Like their colleagues in
the West, the Soviets had another reason for their interest in meat products. They
had come to believe that rapid increases in production and consumption of meat
were a sign of the higher culture of the modern industrial world. They built a special
pavilion to the meat industry at the Exhibition of the Achievements of Agriculture
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in which glorious sausages and hot dogs, trimmed meats, and other delights were
displayed in cooler cases rarely seen in stores. Ionizing radiation would propel these
food products to a higher level of being: They would acquire a long shelf life and
would need only to be heated before use in restaurants and stores. With irradiation
of meat products, the salesperson or butcher in the store would no longer be able to
sell hamburger like that offered to me with the claim, “It’s not spoiled. It only
smells. When it’s spoiled, it’s green.”

Citing the approval of the FDA in 1963 to permit the sale of bacon irradiated
with a dose ranging from 4.5 to 5.6 megarads from a %°Co source, Soviet scientists
set out to duplicate the effort. Using both gamma and electron radiation, scientists
succeeded in extending shelf life three- to fourfold for products that normally per-
ished relatively quickly at room temperature. They were concerned, however, about
changes in the proteins, fats, and carbohydrates in the products. For example,
under the action of gamma rays, a series of radiolabile vitamins (that is, those read-
ily destroyed by radiation), such as tocopherols (various antioxidants), ascorbic
acid, thiamin, vitamins E and K, both water- and fat-soluble, were partially lost. In
some experiments, doses for the pasteurization of meat products (600 kilorads for
beef and 800 kilorads for pork) partially destroyed vitamins B,, B,, K, and E.

Another extensive study dealt with the impact of ionizing radiation on the
quality of beef. In one experiment, fresh, chilled, and frozen beef samples were
trimmed of fat, then ground and put in glass jars, both vacuum-packed and not, and
sometimes wrapped in plastic. The GUT-Co-400 served as the source of gamma
radiation. The samples were irradiated at room temperature, at 0°C, and at 6°C for
eighteen hours. I. M. Buznik, who carried out the experiments, also conducted
an extensive literature search to compare his results with those of American, Brit-
ish, and German scientists. He noted that irradiation of fresh meat changed the
color to a brown or brownish-silver hue and imparted a disagreeable, foreign smell,
described by several unfortunate sniffers as “unpleasant,” “a smell that reminds
me of joiner’s glue,” “boiled potatoes,” or “steamed pumpkin.” American food sci-
entists did not encounter these olfactory surprises in their samples, leading them
to speculate that Soviet technology was unsophisticated and perhaps too power-
ful. Buznik also presented startling results at the thirteenth scientific session of the
Institute of Nutrition in 1959, showing that all animals fed these products in one of
his experiments had no offspring and died in four to five weeks.?° To the American
specialists, again, the cause of mortality was most likely anything but radiation. Per-
haps it was Buznik’s culinary virtuosity.

The All-Union Scientific Research Institute of the Meat Industry (VNIIMP) in
Moscow was also engaged in wide-ranging experiments intended to demonstrate
how best to make tasty Soviet meats more long lived. They conducted experiments
on the effect of gamma rays and thermal processing on the destruction of antioxi-
dants in lard. Generally, antioxidants retarded oxidation of fats and the rapid spoil-
age of meat. The action of heat on lard results in the accumulation of peroxides and
in simultaneous dissociation of antioxidants. Using a gamma source from the Insti-
tute of Biophysics at a dose of 2,000 rads per minute, they irradiated fat with doses
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of 300,000, 600,000, and 1.5 million rads. Increased doses of gamma-irradiation
tended to accelerate the destruction of antioxidants, so that an awful smell was ob-
served almost immediately in the higher doses samples.?!

Two other problems occur with extended meat storage: rancidity of the fat and
exudation of meat juice. But studies at the VNIIMP showed that irradiation with
the addition of antioxidants worked against the first of these problems. The second
problem could be treated with a mixture of sodium chloride, tripolyphosphate, and
ascorbic acid; this treatment also increased the retention of natural color. Another
treatment was partial cooking (blanching) in vacuum pouches at 80°C after irradi-
ation. In addition to beef, scientists also obtained good results with bacon, smoked
and cooked cured pork, and smoked Ukrainian sausage, with no deterioration in
quality after forty-five days of storage at room temperature, three times the storage
time of nonirradiated products.

Chicken was a greater problem. Chicken meat is a breeding ground for Salmo-
nella. Rad-pasteurization of chicken increases its shelf life four- to fivefold over
untreated chicken stored at 0°C. Is irradiated chicken safe for human consumption?
Over six months, Shillinger and Kachkova examined the impact of chicken that
had been gamma-pasteurized on the health of albino rats; during the experiments,
the chicken meat was sixty percent of the protein and fifty percent of the fat in
their daily diet. The scientists concluded that there had been no harmful effects on
the rats.3?

Fish, also, were important subjects of irradiation tests. Scientists of the All-
Union Scientific Research Institute of the Fish Industry (VNIIRO) extended stor-
age times of flounder, cod, salmon, crab, oysters, and shrimp up to fivefold with irra-
diation. But few Soviet consumers ever saw unfrozen fish, irradiated or otherwise.
They saw frozen slabs of fish mass. Nevertheless, irradiation was a technology with
great possibilities in the fish industry. Along with the United States and Japan, the
Soviet Union was a major commercial fishing power of the late twentieth century.
The Soviet maritime fishing industry applied large-scale technologies in the name
of efficiency and economies of scale, but the huge fishing vessels and mechanized
drift nets trapped everything, including dolphins and nonfood fish. The massive
floating factories used on-board freezers and canners to deliver large blocks of froz-
en and canned fish to stores. This enterprise overcame the problems associated with
poorly developed railroad and trucking industries, but still lost one-third of the
catch to spoilage. The fish industry sought on-board irradiators to deal with the
need to deliver more of the growing catch to the consumer before it spoiled.

To supplement the efforts of the Soviet fishing fleet to deliver products to port,
VNIIRO scientists conducted extensive studies on radiation preservation of such
products as cooked cod, shellfish, carp, and perch, vacuum-packed in tomato sauce
in glass containers. This process kept the product essentially sterile for more than
two years, even in tomato sauce, which retains its “bright color . . . and has a pleas-
ant aroma and taste.”3* At a United Nations symposium in 1966, A. V. Kardashev
presented results of experiments in which various vacuum-packed fish products
(boiled, fried and stuffed fish, fried fish filets, hot-smoked fish) were subjected to
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irradiation. Unfortunately, sterilization was accompanied by significant organolep-
tic changes, for the vacuum seal was not tight. During storage, the fat in many irra-
diated products turned putrid. Kardashev attempted to prevent the changes by low-
ering the pH of the products and adding carotenoids, ascorbic acid, and commercial
tomato sauces. Pieces of fish were cooked until ready for eating, placed in glass jars,
and vacuum-sealed; other samples of the products were autoclaved. The fish re-
ceived 0.2 to 2.0 megarads of gamma radiation from a 5°Co source; a dose of 1.5 mega-
rads was found to be sufficient to sterilize them. Even though adding vitamins and
sauces made the microorganisms more resistant to radiation, lowering the pH and
cooking countered that problem. This product was popular and widely consumed in
the Soviet Union.?* Best of all was the tomato sauce, for it covered the “off flavor.”
Rather than endure a gnawing feeling in my stomach, I have eaten dozens of tomato
sauce-laden tins of these fish to the horror of my family and friends. But fish was
one product not approved for irradiation, because freezing it into blocks and storing
it in the holds of refrigerated ships was cheaper (see Appendix, Table 15).

THE EYES (AND NOSE) HAVE IT

The process of irradiation produces food with a wide variation in quality and in
length of storage life. Reduced quality includes unpleasant texture, flavor, and smell.
Undesirable side reactions that often accompany irradiation include higher pro-
cessing temperature, removal of free-radical scavengers, and synergistic radiolethal
effects on food additives such as nitrites, nitrates, sodium chloride, and antibiotics.
Scientists at the Institute of Nutrition and the Erisman Institute were responsible
for carrying out studies on these changes. They identified a host of problems.

Water is the principal constituent of all living organisms and of most food
products. When it is exposed to ionizing radiation, radiolysis occurs; that is, free
radicals—atomic hydrogen, hydroxyl (OH) groups, or fragments of molecules—are
formed. Even though they exist only a short time as free radicals, they are very
active chemically and may react to form various compounds, including hydrogen
peroxide (Hzoz)' They also react with substances dissolved in the water and thus
affect or bring about various reactions. Oxidation-reduction processes are intensi-
fied, complex organic substances are decomposed to simpler compounds, and new
substances are formed. Different organisms, organs, and tissues react differently to
the action of ionizing radiation, as do different metabolic processes. For example, in
meats, chicken, and fish, unappetizing smells are due in part to degradation of mus-
cle protein.

Scientists quickly turned from a realization of the change in the food products
themselves to a study of the influence of products with degraded proteins, new sub-
stances, and insufficient vitamins on such laboratory animals as dogs and rats. Sev-
eral studies showed the prevalence of often fatal hemorrhaging in rats. Yet Bon-
darev’s work, in which he fed laboratory dogs a diet of irradiated foods (hamburger
meat, fish filet, rye, and peas), indicated no danger to the animals. Nor had long-
term studies of irradiated grain indicated danger. Considering the contradictory
nature of the data on this subject, Soviet scientists at VNIIKOP, the Institute of
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Nutrition, the Erisman Institute of Health, and the Institute of Experimental
Pathology and Therapy examined the impact of a diet, largely meat, in which thi-
amin, vitamin K, and other important nutrients had been destroyed by ionizing
radiation. In one experiment, using two groups of six dogs (one control, one exper-
imental), they measured the amount of thiamin and other vitamins in the urine and
blood, the morphology of the blood cells, the phagocytic reaction of leukocytes, and
the changes in some aspects of metabolism. Over an eighteen-month period, they
found little difference in the health of the animals, and certainly “no toxic effects.”
On the other hand, an experiment in which monkeys were observed over an eleven-
month period showed the negative health effects of reduced amounts of vitamin C
and folic acid in the irradiated foods.**

Soon, too, evidence accumulated about the impact of irradiated products on the
reproductive system. A ten-month study carried out at a series of food industry
research institutes on five successive generations of white rats, which were given
a diet of meat, oats, grits, and potatoes treated with different doses of gamma radi-
ation but supplemented by other products, failed to indicate a measurable influence
on the organism of the animals. However, gestation period was lengthened in many
of these animals, and the survival rates of the progeny in the first month decreased.
Some disease rates in the experimental animals (pneumonia, for example) also ex-
ceeded that of the control animals.?® Indeed, as early as 1962, Indian researchers
had demonstrated that cytological aberrations occur in plant embryos that had been
cultured in irradiated potato mash.3” Conversely, a study conducted at the National
Institute of Public Health in Bilthoven, The Netherlands, indicated that there was
no effect on the reproduction of rats given a diet of irradiated mushrooms. Similarly,
there were no significant changes in organ weights or histopathology.®8

Unlike their colleagues at Academy of Sciences and Minsredmash institutes
who tended to ignore many safety issues, a number of food scientists reached the
conclusion that laboratory animal studies indicated that irradiation posed health
hazards serious enough to warrant delay in approval of many products. In the mid-
1960s, Kamaldinova, in the laboratory of food safety and standards of the Institute
of Nutrition, conducted experiments intended to clarify which products were safe
and what doses of radiation were permissible. She noted that high doses (three to
twenty megarads) were clearly unacceptable for both vegetable and animal prod-
ucts, causing reproductive and metabolic disorders and nonspecific growths. Using
a dose of 0.8 megarads on beef, she determined that, in both the control and ex-
perimental groups of laboratory animals, weights remained relatively the same, as
did blood cell morphology. However, there were significant differences in organ
function (for example, the liver and metabolism of lipids) as well as earlier noted
vitamin deficiencies, which were significant enough to recommend against human
consumption.3?

Were irradiated food products mutagenic and cytotoxic? Many food scientists
remained convinced of their safety and efficacy. An experiment conducted jointly
by specialists at the Erisman Institute and the Central Institute of Advanced Med-
ical Training in 1972 answered “No.” They fed thirty-two mice a diet contain-
ing eighty percent irradiated products, then looked for cytogenic action by using a
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test for recording chromosomal aberrations of the bone marrow. The tests showed
the absence of any marked untoward effect of the experimental ration: Chromo-
some aberrations were roughly the same in controls (0.75 percent) and test ani-
mals (1.0 percent).*® Shillinger and his colleagues, who had a kind of seniority in
resolving the matter owing to their fifteen years of research, were more direct.
They had grown tired of delay, of overreaction, and of what they believed was
excessive caution. Like their colleagues in the United States, they observed that
the only thing holding back widespread use of ionizing radiation in the food in-
dustry was the absence of a compiete guarantee of the safety of the products, and
such a guarantee was impossible. But it was clear that they were safe enough.
They pointed to the fact that in many countries (the United States, the Nether-
lands, and Israel) government approval had already been given for their use.

In the early 1970s, however, evidence mounted throughout the world that sev-
eral products with carbohydrates and raw plant products, when irradiated, pos-
sessed mutagenic characteristics. As a result, the Joint Committee of Experts of the
IAEA recommended further study of these products and verification of the safety
of already approved products. One problem was that irradiation occasionally created
unusual compounds or higher than usual concentrations of metabolites. Some of
the toxic or mutagenic agents caused by irradiation of carbohydrates included for-
maldehyde, formic acid, and hydrogen peroxide. In addition, twenty-four hours after
irradiation, some mutagenic and toxic compounds of a quinone nature appeared
in potatoes. Another mutagenicity study focused on extracts taken from raw and
cooked potato, with the tubers being stored for various periods of time after their
gamma irradiation at a dose of ten kilorads. Extracts obtained from the potato di-
rectly after its irradiation (within twenty-four hours) were found to exert a muta-
genic effect on the sexual cells of male mice. But either cooking or storage of irra-
diated tubers for forty and ninety days abolished the mutagenic activity of the
extracts. Hence, safety of irradiated food products depended on a wide range of fac-
tors: dose, power of irradiation, temperature, concentration of oxygen, humidity,
packing material, pH, and storage time. There were many variables, and the data
were contradictory.*!

Scientific uncertainty, growing awareness of the high cost of irradiation, inad-
equate facilities, and filthy conditions stopped the Soviet program dead in its tracks
by the end of the 1970s. Leonid Ilich Brezhnev, secretary of the Communist Party,
set out to rectify the situation. The so-called Brezhnev food program, with huge
investments in agriculture and the creation of a Ministry of Agricultural Industry,
was intended to provide inexpensive wholesome food. But the increased investment
in agriculture had a limited impact, given the lack of incentive for collective and
state farmers to work hard. There were no products to irradiate. The stores in the
countryside had empty shelves. The rural diet was high in sugar and fat, and low in
fresh fruits and vegetables, which were distributed largely among urban residents.
Outmigration from the countryside to the cities accelerated. The small private plots
that the government tolerated remained the most productive sector of agriculture.
Not even the mighty atom could change this situation. Economic and political re-
form were required.
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lonizing radiation has found limited application wherever it has been adopted.
Health authorities in over thirty countries explored the new technology, experienc-
ing a number of successes. Food scientists have determined at what level to irradi-
ate a series of products while preserving the foods’ nutritive value and ensuring
their wholesomeness. But while promoted as a panacea in the 1940s and 1950s to
increase the shelf life of fruits and vegetables, grains, meat, chicken and fish, the
process failed to win broad application. The major reason appears to be economic,
for pilot plants turned out to be far more costly than initially estimated. To ensure
competitiveness with traditional means of preserving foods, the new facilities had
to include huge shielded buildings fed by complex conveyor systems, capable of han-
dling tons and tons of food products hourly. These facilities had high start-up capi-
tal costs; and despite detailed cost-benefit analyses that promised otherwise, the
operating costs still exceeded other methods, even when spoilage and rotting were
taken into consideration. Often processors had to add nutrients destroyed during
irradiation. The private sector in market systems proved unwilling to follow through
on pilot programs when the governments cut funding. In terms of safety, there is sci-
entific uncertainty. Several food scientists have publicly spoken about the potential
problem of producing new strains of bacteria more resistant to sterilizing processes
because of radiation-induced mutations.

In such countries as the USSR, where the government underwrote all expenses
as the only player, the costs remained noncompetitive with canning, salting, heat-
ing, and freezing. Even though agriculture remained the sore spot of the economy
for the entire Soviet period, radioactive isotopes on their own were incapable of rec-
tifying the situation. Agriculture lacked dedicated farmers with the incentive to toil
hard in the field and the technology to do their job well. Radical reform of the entire
organization of the food industry, from field to shelf, was the only solution. The
Soviet citizen was relegated to “four basic food groups” of a new sort: sugar, salt, fat,
and alcohol. The image of the mighty atom joining us at the dinner table was no
more a reasonable hope than that of other images promoted during the glory days
of atomic energy: the atom and nuclear engines, the atom as excavator, and the atom
and unlimited electric energy.

The final straw—or irradiated chicken, for that matter—was consumer reluc-
tance to purchase these products. Nuclear fear played a role in this rejection. Some
persons equated irradiated food products with radioactive food. They knew of the
health dangers of exposure to radiation. In the Soviet Union, when the Ministry of
Health approved irradiated foodstuffs for public consumption, it did not require any
kind of labeling. Hence, scientists did not have to worry about consumer awareness
and approval. The Soviet consumer of the 1950s through the 1980s therefore had
little choice in the matter. Because economic and scientific factors limited the spread
of the technology, it is doubtful that many persons suffered any long-term health
consequences from eating irradiated foods. But we will never know, for records are
poor and it is nearly impossible to establish causality. What is left are wonderful
acronyms and brute-force technologies.

In September 1986, in the aftermath of the Chernobyl disaster, the Central Com-
mittee of the Communist Party of the Soviet Union secretly ordered the Ministry of
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the Agricultural Industry to facilitate the sale of sausage produced with meat tainted
ever so slightly with radioactivity in all regions of the Soviet Union, excluding, of
course, the Moscow region where they sat.*?> The meat was frozen and held in stor-
age for several months before being used, so that its radioactivity had fallen below
acceptable norms. In Briansk region, they made sausages tainted with cesium. Then
they restocked the Briansk Meat Factory with another fifty tons of slightly radioac-
tive meat. The first batch used nine tons of lamb, which had been sent to the fac-
tory by the order of regional agricultural industrial powers-that-be. Those powers
claimed the authority to use tainted meat, asserting that “there is absolutely noth-
ing dangerous in this.” The new batch was five to ten times more radioactive than
established norms, but the factory lacked the authority to ship it back and had to
hold it in cold storage. So they mixed sausage in portions of four or five to one, care-
fully cleaning it, washing as much as they could down the drain, paying workers
extra for their low-level exposure. The directors of the meat factories merely fol-
lowed orders.*3 Most likely, Chernobyl sausage was safe for humans to eat. But this
is not what scientists had in mind when they began to advocate radiation steriliza-
tion and pasteurization of food products in the postwar years. In the aftermath of
Chernobyl and the painful transition to a market economy and consumer aware-
ness, it is certain that Russians and Ukrainians today would prefer their potatoes
with eyes and their sausages with extra salt.




A Stellar Promise: The Display
Value of Fusion Power

I had never stopped thinking about nuclear power and how to ensure its safety . . .
The solution I would favor would be to build reactors underground.
—Andrei Sakharov, Memoirs

Soviet physicists were pioneers in fusion. In 1950, Andrei Sakharov and Igor
Tamm proposed a model for magnetic confinement of a plasma under high temper-
ature. Tamm and Sakharov were at Arzamas, the center of Soviet bomb design
efforts from that year onward. They received a letter through Beria’s secretariat
from Oleg Lavrentev, a young sailor in the Pacific fleet, who somehow conceived of
the potential of fusion for energy production. Lavrentev proposed electrostatic con-
finement of plasma. But there was no way to keep the very hot plasma needed for
a fusion reaction away from electrostatic grids around the reactor volume. The
advantage of magnetic confinement was that the force lines of a magnetic field can
be imposed from the outside of a reactor vessel, keeping the plasma from touching
the interior walls. In 1950, when Tamm returned to Moscow from Arzamas, he
quickly grasped the importance of magnetic confinement and set forth a proposal
for what they called the magnetic thermonuclear reactor, or MTR. Over the next
four decades, theoreticians and experimentalists in Moscow, Leningrad, Akadem-
gorodok, and Kharkiv made a series of stunning advances, notably with the toka-
mak reactor, that left little doubt that sometime in the twenty-first century fusion
power will become a reality. Lev Artsimovich and Mikhail Leontovich stood at the
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forefront of these efforts through the 1970s. Evgenii Velikhov, Boris Kadomtsev, and
others ably replaced them when the effort turned toward building industrial proto-
types in the 1980s.

Fusion was important to atomic-powered communism on several counts. First,
developments in fusion were inextricably linked to those for the hydrogen bomb.
Peaceful applications grew out of military ones, and they were always subordinate
to those intended to produce more powerful bombs or manufacture more weapons-
grade fuel. Second, as pioneers in fusion, Soviet scientists had shown that they were
ahead of the West in a major area of modern science. For many of them, especially
in the post-Stalin era as they reentered the international arena, it was crucial to be
accepted as equals by their western counterparts, especially those in England and
the United States. Big science and technology had “display value,” that is, ideologi-
cal and social significance that in some ways was just as important as any technical
accomplishment, for fusion research demonstrated that the Soviet social system pro-
duced scientists and engineers at the cutting edge of knowledge and that this knowl-
edge served the ends of world peace, not war. Third, fusion (controlled thermonu-
clear synthesis) promised to generate virtually unlimited quantities of energy. If all
had worked as planned, by the year 2020 fusion reactors would have dotted the
Soviet landscape, at first augmenting and then replacing thermal (slow neutron)
and breeder (fast neutron) fission reactors. Unfortunately, physicists encountered
many more difficulties in realizing the promise of a fusion reactor than they initially
anticipated, perhaps because their first successes in fission had come so quickly.
And fusion was also far more technologically challenging and costly than expected,
leading governments around the world to cut back on funding in the mid-1980s, to
the great dismay of the scientists. For the physicists in the Kurchatov Institute, this
loss of funding was a blow, for they were not used to having any program cut.

Like the development programs for thermal fission reactors, programs at the
Institute of Atomic Energy received priority in funds, resources, and manpower.
The institute focused on the tokamak model, perhaps the most promising of various
approaches. But this meant that physicists in other institutes who wished to con-
duct research had to focus on various alternatives or conduct research that fed
into Kurchatov Institute programs. Evgenii Velikhov is a plasma physicist who re-
placed Anatolii Aleksandrov as director of the Kurchatov Institute. He was a mem-
ber of the Central Committee of the Communist Party and to this day serves as one
of eleven vice presidents of the Academy of Sciences. Velikhov’s advent made the
national commitment to tokamaks all the stronger. His closeness to Mikhail Gor-
bachev secured national support for an international fusion reactor when the com-
mitment of the Soviet government to fusion seemed to waver. Gorbachev saw inter-
national cooperation in fusion as a way to involve President Ronald Reagan in
discussions on arms control through confidence-building measures such as joint
research in science and technology.

But fusion was important in Soviet foreign policy from the very beginning. The
reentry of the Soviet Union into the international arena after the death of Stalin
under the banner of peaceful coexistence received a tremendous boost from fusion.
Khrushchev and Kurchatov seized on fusion as a diplomatic tool, employing Soviet
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advances to meet the foreign policy ends of various arms control agreements and
cooperation in science and technology to share the costs and challenges of research.
And they would do so as equals of the West, not as technologically backwards,
poorly dressed second cousins.

Fusion specialists had to navigate a series of minefields to achieve results. One
was political interference, as manifested in Beria’s decision to remove Jewish scien-
tists from projects, meddling of ideologists in philosophical matters, and Sakharov’s
exile to Gorky (which triggered a boycott of collaborative efforts by Western scien-
tists). A second was the dominance of the Kurchatov Institute, which stultified sci-
entific competition among centers of physics excellence. But at the start, because of
the force of the personalities of Lev Artsimovich, an experimentalist, and Mikhail
Leontovich, a theoretician, the commitment of Kurchatov to fusion diplomacy, and
the identification of Khrushchev with achievements in big science and technology,
the Kurchatov Institute made significant strides in fusion research.

FUSION’'S AMBASSADORS

Lev Andreevich Artsimovich (1909-1973) was a product of the Ioffe school.! His
family belonged to Polish nobility. As punishment for participating in a Polish upris-
ing against the Tsar in 1863-1864, his grandfather, a professor of statistics and eco-
nomic geography, was exiled to Siberia, married there, and moved to Smolensk after
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