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Dear colleagues,
his year marks the 70th anniversary of the First Directorate
General of the Council of People’s Commissars of the U.S.S.R
that was responsible for the
Atomic Project and was set up in
August 1945. Over these decades, we have
created a unique research and development framework in terms of its scale and
the scope of its tasks that comprises tens of
research centres, institutes, design offices
and industrial businesses.
We can proudly say that the Russian nuclear industry has become a global leader
in terms of the level of its R&D solutions
in designing reactors, making nuclear fuel,
operating nuclear power plants and training skilled NPP personnel. Rosatom’s entities have accumulated vast experience in
tackling such ambitious challenges as creating the world’s first nuclear power plant,
and building and operating nuclear-power icebreakers, research reactors and fastneutron reactors.
We are using the world’s best enrichment
technologies. Rosatom is building nuclear power generation units in Russia and
in other countries, equipped with watercooled water-moderated power generation
reactors (V VER) of the world’s most advanced Generation 3+.
Thanks to R&D advances of the Russian
nuclear industry, more and more world
countries are choosing Russian technologies to pursue their peaceful nuclear energy programmes. Figures speak for themselves: Rosatom’s portfolio of international orders has exceeded $100bn, and we are
expecting to push it further to $150bn in
the coming years.
Rosatom’s success is driven by our past
and present achievements in research and
development. As we all know, the Russian
civil nuclear industry has its origins in a
military programme that took advantage
of scientific advances to pursue security
and defence interests of the country. Many
technologies designed for the defence industry have found their peaceful application across a number of economic sectors.

Outstanding scientists have been working
to advance the nuclear industry, including
Igor Kurchatov, scientific supervisor of the
Soviet atomic project; Anatoly Aleksandrov,
President of the Soviet Academy of Sciences; Members of the Soviet Academy of Sciences Yuliy Khariton, Yakov Zeldovich, and
Andrei Sakharov; Nobel Prize winners Lev
Landau, Igor Tamm, Ilya Frank, and Pavel
Cherenkov, and many others whose efforts
propelled our country to global leadership
across a number of areas. By the 1980s, the
Soviet Union gained a dominant position in
radiation, electrophysical engineering, laser and plasma technologies.

Rosatom is
confident
about our
future
We are also retaining the leading position
in research on controlled thermonuclear
fusion. The Russian tokamak technology
lies at the heart of the International Thermonuclear Experimental Reactor (ITER)
that is being built in France and considered by many to be the energy future of humanity. Rosatom’s innovative solutions
have given a strong impetus to the development of related areas of research. Nuclear technologies are currently successfully
used in machine-building, materials science, medicine, agriculture, in the chemical and space industries and in the ocean
science. The nuclear industry today means
new materials, radiation, laser and plasma

technologies, and production of isotopes.
Rosatom is accumulating scientific knowledge, but also shares it with all those who
work for the good of Russia and mankind
in general. We are providing every kind of
assistance to those countries that are asking for it, both in constructing nuclear facilities and in promoting the nuclear science.
The scope of Rosatom’s international scientific cooperation is truly enormous. Russian nuclear scientists from Rosatom’s institutes, Kurchatov Institute, the Joint Institute for Nuclear Research, are involved
in a variety of international large-scale
fundamental research projects and experiments such as X-ray Free-Electron Laser (XFEL), the European Facility for Antiproton and Ion Research (FAIR), and
many others. Even the construction of the
world’s largest charged particle accelerator,
CERN’s Large Hadron Collider, featured

significant involvement of Russian nuclear experts. All these facts witness that
modern scientific breakthroughs would
have been unimaginable but for the body
of knowledge accumulated by the unique
team of Russian nuclear professionals.
Therefore, we at Rosatom are confident
about our future.
I have no doubts that the innovative advances in our industry, advances to which
we attach special importance, will result in
ground-breaking technologies that will enable us to address global challenges faced
by humanity.
The challenges that require scientific response today are as ambitious as those
that we faced seventy years ago. The Russian nuclear industry currently has in
place all necessary resources to tackle them: a tremendous scientific school; a
cutting-edge experimental platform, and
outstanding professionals.

I congratulate you, my dear friends, on this
anniversary, and I wish you good health,
wellness and new achievements in our joint
efforts!
This special issue of V mire nauki magazine is dedicated to the anniversary
of our industry. It will help the readers to take a look at the future the way we
at Rosatom — the corporation of knowledge — see it.

Director General,
State Atomic Energy Corporation
ROSATOM

Sergei

Kirienko

Dear colleagues,

THE NUCLEAR POWER
INDUSTRY:
SECURITY AND RUSSIA’S
INDEPENDENCE
The atomic field, one of the newest areas
of human activity, started as subdivision of
fundamental chemistry dedicated to structure of matter. As a result, in 1911 Ernest
Rutherford discovered atom’s planetary
model, which immediately led to the conclusion that the atomic nucleus contains gigantic energy, millions of times greater than
the chemical bond energy. However, at that
time, barely anyone thought about practical application of this discovery. Prospects
opened unexpectedly, when Enrico Fermi proposed the idea of obtaining heavy elements by adding neutrons to their nucleuses. However, it turned out that affected
by neutrons, nucleuses started breaking
up (nuclear fission) rather than becoming heavier. This experiment, performed in
1939, became the foundation for building
the atomic bomb six years later. The most
amazing thing was the rate, with which
these scientific discoveries found practical application: from purely fundamental
laboratory experiments to obtaining the
most powerful source of pulse energy on
Earth. A bit later, nuclear energy was used
for peaceful purposes — to get electric power. In both cases, fundamental science was
the basis, and it remains a solid base for
all the projects that take place at Rosatom.
70 years have passed since the moment of
creation of the First Chief Directorate for
the USSR Council of People’s Commissars
that was supervising the atomic project.
Later it got transformed into the Ministry
of Medium Machine-Building Industry —

the legendary Minsredmash. Now it is the
Rosatom State Corporation. As in all previous years, Rosatom today acts as the propelling force of many fundamental and application works. It gathered brilliant workers, outstanding scientists, engineers and
technologists, who provide stable progressive development of the atomic industry. We
are thankful to many generations of atomic experts for making our country occupy
one of the leading positions in this crucial
area of human activity. We must remember that our country’s security and independence are primarily determined by the
nuclear potential, which guarantees peaceful living for people, freedom and independence for Russia. We owe this to our great
predecessors, Nobel-level scientists: academicians I.V. Kurchatov, Y.B. Zeldovich,
A.D. Sakharov, Y.B. Khariton, N.N. Bogolubov, I.E. Tamm, K.I. Schelkin, L.D. Landau, A.P. Alexandrov, V.L. Ginzburg,
I.M. Khalatnikov, and other scientists who
make up the pride of national and world science. The Russian Academy of Sciences celebrates the anniversary of the atomic field
with a special feeling. Our many-year constructive cooperation is seen not only in the
fact that academic science feeds this field
with new knowledge, ideas, and human resources, but also in the fact that this field
sets ambitious tasks that lead to creating
new scientific segments, in which our country captures world leadership. As I congratulate atomic scientists and all Rosatom associates with this anniversary, I would like

“We must remember that
our country’s security
is primarily determined
by the nuclear potential,
which guarantees peaceful
living for people, freedom
and independence for
Russia.”
to wish all of you to reinforce cooperation with RAS that always considered it an honor to work with nuclear industry specialists. Dear friends,
I would also like to wish you health,
optimism, and all the very best for
you and your families!

RAS President,
Editor‑in‑Chief of the
magazine “V mire nauki”
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Fortov

Dear colleagues
and friends!
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n anniversary is a reason to
pause to think, to take a look
back, and evaluate what has
been done. In celebrating the
70th anniversary of the Russian nuclear industry, we are
reflecting on our past and looking to the future; we are laying the foundation for the future today to make it happen.
Back in 1945, in the dreadful ruins of the
post-war country, our great predecessors
set up such a perfect school of thought that
managed to solve the strategic military task
of creating nuclear weapons within a very
short time, but also prompted the explosive growth of a range of unique technologies and areas of research that can still be
viewed as jewels in the crown of Russian
and global science.
The atomic bomb project gave rise to nuclear power engineering later, while the latter gave birth to hydrogen energy research
as a standalone branch of science. The next
step consisted in passing from the atomic
nucleus fission process to controlled thermonuclear fusion and thermonuclear power engineering. For this, we needed to learn
how to confine plasma using magnetic
fields, and, accordingly, to design new superconducting materials.
By installing a nuclear reactor onboard a
submarine, we provided submarines with

a previously unachievable operating range,
submersion depths, etc. After the nuclear
submarine Leninsky komsomol, we created
the world’s first nuclear-powered icebreaker Lenin. As a result, our nuclear icebreaker fleet has gained Russia its leading positions in the Arctic region. For the atomic
project we needed to learn how to separate
and handle various isotopes. Thus, we set
up the isotope separation industry that has
prompted the emergence of nuclear medicine and diagnostics, positron-emission tomography, X-ray therapy, etc. That is, a considerable part of the modern civilisation is
in some way related to the atomic project
implemented by our predecessors.
The anniversary of the nuclear industry is
a particular event for Kurchatov Institute. It
was here that Eurasia’s first uranium chain
fission reaction took place in reactor F-1 in
December 1946. Long before the completion
of the atomic bomb project, Igor Kurchatov,
the Institute’s founder, was already thinking about a wider use of nuclear energy for
peaceful applications. The scope of his interests covered nuclear power engineering,
fleet, aircraft and later space.
By the late 1940s, Igor Kurchatov set
the task of designing and building an experimental nuclear power plant. The concept of the core of the power plant’s uranium-graphite pressurised-tube reactor was

“Researchers,
designers and
engineers of the
Russian nuclear
industry continue
their highly efficient
work and make
an invaluable
contribution for the
good of our science
and country. We
are extremely well
positioned today
to implement new
ideas and achieve
new heights, and
I sincerely wish us
all to succeed in our
efforts!”

suggested by Igor Kurchatov himself and
Samuil Feinberg, his colleague. The world’s
first commercial nuclear power plant with
a useful capacity of five thousand kW was
started on 27 June 1954 under supervision
by Igor Kurchatov and Anatoly Aleksandrov,
his deputy. This day is rightly considered to
be the birthday of nuclear power engineering. It was also then that reactor materials
science emerged as a standalone area of research.
As soon as in June 1955, Igor Kurchatov
and Anatoliy Aleksandrov were placed at
the head of the programme for development
of nuclear power engineering in the U.S.S.R.
for energy, transport and other civil applications. The country started building large
nuclear power plants under scientific supervision by Kurchatov Institute.
It is evident that nuclear technologies have
no alternative in the coming decades, which
means that we all will face a lot of challenging, but exciting work. This applies to improving performance and extending service lives of reactors; remediating contaminated territories and facilities; enhancing
radiation safety, including using new radiation resistant nano-based materials, and
designing new types of fuel.

Director of NRC
Kurchatov Institute

Mikhail

Kovalchuk

In the longer run, we will need to master
controlled thermonuclear fusion and related
technologies, in particular plasma-based.
Our achievements open up new development opportunities in nuclear medicine,
isotope production and superconductivity.
Hybrid reactors are another promising
area of research where spent nuclear fuel
in the form of a blanket around the reactor
will be recycled into new fuel. This will be
a fundamentally new, ‘green’ nuclear power industry with the closed fuel cycle. Another fascinating area of research is related
to slow- and fast-neutron reactors of smallscale capacity. The structural parameters of
these reactors guarantee their passive safety. Moreover, they can be assembled at the
production site as part of standardised serial manufacturing and then installed in any
other place.
Researchers, designers and engineers of
the Russian nuclear industry continue their
highly efficient work and make an invaluable contribution for the good of our science and country. We are extremely well positioned today to implement new ideas and
achieve new heights, and I sincerely wish us
all to succeed in our efforts.
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I am working for
peace today. Well,
I would say I have
been working for
peace all my life,
for I am confident
that our weapons
add to the safety of
the planet
ike all of us, he went through many hardships in his life, some of them
quite painful. But unlike others, he has always remained patient, calm
and confident that everything would be alright. For he is a natural born
optimist. This quality of his is especially apparent among us who, to be
honest, tend to be quite gloomy. He particularly impressed me in the
beginning of the turbulent 1990s when the supply of potatoes to Snezhinsk
was interrupted: the subsistence needs of this secret town were supplied
from beyond a barbed wire fence that separated it from the rest of the
world. Surely, there were few experts in agriculture among physicists at the time, but
Evgeniy Avrorin soon became the most renowned local expert on growing food.
I once made a joke: our Hero of Socialist Labour,
awardee and academician managed to produce as
many as three sacks of potatoes from his vegetable garden of twelve hundred square metres! I said these words
feeling proud for our scientists, meaning ‘look what they
are capable of.’ Avrorin’s answer came immediately: ‘You
do me an injustice: it was actually 15 sacks! I can send
you a couple to Moscow if you start starving.’
We were just joking, but once Avrorin’s grandson
brought a jar of pickled cucumbers to the hotel where I
stayed. Oh, were they yummy! Besides that every cucumber looked and tasted delicious and crunchy, they
were all grown by a real scientist, which made them
taste like nothing else. To be fair, I also should give credit for this jar to Verochka, Avrorin’s wife who has always
been with him since those days when destiny brought
together a promising physicist and a young ‘computist’
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(there were no computers at the time, and computing
was done by young girls who went through a crash
course of mathematics...).
It was a long time ago, in the mid-1950s when the
nuclear centre in the Urals was still in the making. Although I can give you a precise date: it was 60 years
ago. This June we have celebrated this date by throwing an impressive ceremony. The night salute above
Snezhinsk lasted unusually long, and some could think
that local people had just won a war.
And had they not? Fortunately, it was not a ‘hot’, but
a cold war.
But have we already won or are we still winning?
Both definitions hold truth. That is why I started our
conversation with Evgeniy Avrorin, Emeritus Scientific
Director of the Russian Federal Nuclear Centre with the
following question:

13

“Do you like it when people call you bomb-maker?”
“Well, I’m not really a bomb-maker, or rather I am
just partially a bomb-maker. I was indeed engaged in
weapons development, but I was mostly pursuing research associated with it. I also worked on civil explosive products, but still not on defence products.”
“You are being too modest. I was in the museum
of arms, and they recently put up those plates that
say who made what, and there was your name on
the list of creators of almost every thermonuclear
warhead.”
“Well, Lev Feoktistov ought to be No. 1 in each list.
Almost all credit goes to him. And I should be somewhere there, too. That’s true…”
“How many units of these ‘products’ have you
made?”
“I don’t know, never counted them.”
“Why?”

“First, it’s not very clear what a ‘unit’ is. You know,
there may be some variants or versions of a ‘product’,
which makes it hard to count them all. You have Number One, followed by a host of various extra indices. To
make a long story short, I don’t know how many units
I made.”
“But were they many?”
“No, not many. There’s simply no need to have
many.”
“But you have this medal on your chest.”
“It rather was given for peaceful ‘products’. And
just a bit for defence ones. You do understand that
the relevant decree was very vague about it: something like ‘for carrying out special missions of the
Homeland.’ I was actually working on civil products
at the time.”
“That’s why I said that you are a peculiar bombmaker. Your career in science and in Snezhinsk actually started with a unique physical experiment,
right?”
“Not quite so, for we did work on actual bombs for
about a year. But in 1956 and 1957 I was mainly engaged in a really unique physical experiment — which
still remains unique!”
“What is unique about it?”
“There has been nothing like it in the world.”
“Did Americans try to repeat it?”

“No, they didn’t as far as I know. They had run some
experiments in individual areas, but no such a comprehensive exercise that would be carried out independently rather than accompany the test of some other
device and that would serve so many purposes as our
experiment.”
“What made you do it?”
“Surprise. When we made a report on the explosion
of the first real thermonuclear bomb, Politburo members were surprised to hear that the explosion took
place one microsecond before it was expected to occur according to our estimations. They laughed at it,
but the problem was actually very important, for it
showed that we had insufficient knowledge of certain
properties of matter and of its interaction with radiation. The experiment was run to measure these properties. The necessary conditions simply cannot be
created on Earth except through a thermonuclear explosion. Unfortunately, this special experiment was
not a total success. The charge that was to set up the
conditions that we needed exploded somewhat lower
than we wanted it to explode. Still, we got a wealth of
information. Actually, my thesis for the Candidate of
Sciences degree was about processing this information.”
“Rumour has it that before an explosion Avrorin always sits down on a stone and reads a book.
Does this story come from that time? At least all
who worked with you on Novaya Zemlya say so...”
“Well, not only on Novaya Zemlya, but in Semipalatinsk as well. Actually, at times the situation is so
tense that people start arguing: what will happen if
something goes wrong or goes differently than expected? I don’t like to be involved in such ‘debates’ and so
I go to a van or to a house where experiment leaders
usually stay and where I can have a seat and read at
my leisure.”
“Would it be fiction or technical books?”
“I just take any book and it does not matter what it’s
about.”
“Must be a secret book then … If you don’t mind,
let us switch to another topic. You are among the
pioneers of peaceful nuclear explosions. We all
know how they came about, and all those working
in Sarov and in Snezhinsk took a deep interest in
them, right?”
“Very much so. Actually the first clean nuclear
charge was made by Yuriy Trutnev. He and his team
were able to achieve a purely thermonuclear reaction.
It was surely triggered by a nuclear explosion, but it
still was a purely thermonuclear reaction.”
“How did you get involved in this work?”
“It was Lev Feoktistov who got me interested in it. It
was another extremely exciting and also unique experiment. The ideas were generated by Feoktistov,
and the experiment was led by Evgeniy Zababakhin and Boris Litvinov. Well, I was involved in it, too.
We were the first to get thermonuclear ignition of pure
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 euterium. Yuriy Trutnev managed to ignite a solid
d
“But Norway got scared.”
compound, but we dealt with pure deuterium. Then we
“Unfortunately, there was no continuation... And
got engaged in exciting work that eventually produced there are indeed lots of mushrooms there! We came to
a unique charge of absolutely amazing cleanliness...”
the valley in a military truck. At first we used baskets
“No radiation?”
and buckets. Then we understood that they would be
“Almost none, and what remained was channelled to of no help and started throwing mushrooms right into
a special capsule.”
the truck body.”
“Did you start using the new device in wells?”
“Then you tried to dig a channel?”
“No, they use a standard nuclear charge for wells.
“The experiment was a failure.”
It does not have to be pure as explosions are made at
“Did you blow three charges at a time?”
rather great depths. That is, the charge self-buries, so
“We did.”
that radioactive products, if everything is done prop“And you got that ‘pig-on-a-dig’?”
erly, never get to up to habitable environment. They
“When we were walking through the site I said someneed other things. The small nuclear device was de- thing like it didn’t look too nice after the explosion.
signed in our Institute after an idea by Albert Vasily- One of our hydraulic engineers said that they called
ev. It is a charge that exists in dozens of modifications such a mess on a construction site a ‘pig-on-a-dig’ and
and that can almost continuously change its capaci- that name stuck to the experiment since then.”
ty within a rather broad range. Such a charge can be
“But everything was clean?”
used multiple times both for seismic sounding and for oil recovery
enhancement. This device was
mostly used for wellwork. The device must also have another, extremely important, but purely
structural property: high temperature resistance. For it is very hot
deep under the ground, almost as
hot as in Hell.”
“So, you know where Hell is?”
“It is hot in Hell as you know.
The deeper, the hotter.”
“When did you blow your first
‘clean’ charge?”
“There also were several modifications. One of them was used
to crush apatite ore. It was a
very good experiment. It was run
twice.”
Loads for peaceful explosions
“When have you last been at
that place on the Kola Peninsula where you blew
“Absolutely. But we got no channel.”
your charges?”
“Local environmentalists say that the place is
“Several years ago the Botanical Garden founded by still contaminated.”
my father celebrated its anniversary. We went to the
“That is not true. Specialists checked it many times
experiment’s site as a big family team, including my afterwards. There are some traces of radioactivity,
sister, her children, and my son. It was the best season but they are harmless. There is now an artificial lake
of the Polar region, late August and early September. there. It is quite harmless to use: you can fish there or
Too late for mosquitoes and too early for snow.”
take a swim. But it’s hard to get to the place through
“And lots of mushrooms.”
all those forests and wilderness.”
“Ah, plenty of them!”
“How promising is this area of peaceful applica“I was there, too. But there’s nothing there! tion of nuclear explosions in your view?”
There’s a kind of a shack and that’s it.”
“Very promising. It is very sad that such power, such
“What would you want to see there?”
might is not used for industrial applications. Cast
“At least some kind of a memorial. What do geol- blasting is the most efficient method, but I guess it is
ogists and industry experts think of that experi- hard to carry out. Our channel experiment, however,
ment?”
has shown that cast blasting can still be very clean.
“We met people who were involved in the work and Very clean if you take special measures like we did on
then processed the results: drew the ore, measured its the Kola Peninsula. We managed to remove the bulk of
radioactivity, etc. They were happy on the whole.”
radioactivity, over 90%, to unusable empty rocks.”
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“Do you mean we can already control radioacti
vity?”
“Yes, we can. That means that even cast blasting is
quite possible, not to mention camouflet blasting, well
blasting which is undoubtedly very useful. The seismic sounding experiment provided us with lots of data.
I asked Nikolay Laverov, Member of the RAS, whether
this data was used. He said it was extensively used as
it provided information on Earth’s structure at extreme
depths.”
“All oil and gas fields of Eastern Siberia were discovered as a result of this project, is that correct?”

“You’d better ask Laverov.”
“What is your opinion about the Udokan project
that was expected to open up a major copper deposit
using nuclear explosions?”
“It would have been great if such an experiment had
been run. Perhaps it was conceived too prematurely, for
there were neither clean charges, nor ways to control the
release at the time.”
“How many explosions did they plan to do?”
“I don’t remember the exact number, but many, as
they wanted to remove several dozens of metres of rock
across a large strip of land. This means it was to involve
megaton explosions.”
“Would the story of the Baikal-Amur Mainline have
been different if that experiment had been successful?”

“It probably would, for there would have been open access to ore, which is way more efficient than adit mining.”
“Perhaps we should resume that project?”
“This is one of the world’s richest copper deposits, so it
surely must be developed. Copper deposits are few and
rare between. Although in the Soviet era there were cases when there was more copper in waste from iron ore
deposits than in actual ore deposits.”
“Could this happen under the Ministry of Medium
Machine-Building Industry?”
“No. And all credit for this goes to Minister Slavskiy.
He organised gold production along with uranium mining. He was extremely proud of this, for it made a considerable contribution to the total gold output of the Soviet Union.”
“To wrap up our discussion about peaceful use of
nuclear explosions you were involved in, does that
mean that you would support their resumption?”
“Perhaps it is more important to resume scientific experiments that involve nuclear explosions. They could
be run very clean and they can produce absolutely
amazing results that cannot be obtained in any other
way.”
“As far as I know you and your friends were working on a fantastic idea, I mean deuterium power engineering.”
“Yes.”
“At the time you combined the positions of Scientific Director and Institute Director and supported
this initiative in every possible way. Why?”
“This is a realistic way to use thermonuclear energy in
power engineering.”
“What is it about?”
“The project is extremely sophisticated engineeringwise, as it requires a huge underground reservoir, new
methods for transforming thermonuclear energy into
electricity, that is, lots of engineering challenges.”
“Could you please explain the key point of the project?”
“The idea was to place an extremely clean nuclear
charge under ground. It will explode there to produce
hot plasma. The resulting hot gas can be then used as
usual by directing it to turbines and converting it into
electricity.”
“But this means that there should be a series of nuclear explosions.”
“Yes, there should be lots of explosions, and quite powerful ones. This also means a bunch of problems associated with this kind of power engineering. But at least we
have a scientific solution here, unlike all other methods
of producing thermonuclear energy.”
“What about the international reactor?”
“Even the mixture of deuterium and tritium does not
burn in the tokamak, while it is 100 times easier than to
ignite deuterium. Americans cannot produce real thermonuclear energy even in a small globe.”
“And is it a piece of cake for you?”
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“We can only produce it through an explosion, but as
much as you want.”
“Sounds fantastic! Just imagine: we could build
some of these power plants under ground and produce abundant energy for the entire world!”
“Yes, but not every idea is feasible. I am a bit sceptical
about this project. Yes, the scientific solution has been
found, but there are still lots of engineering issues. Besides, we need the public to put up with such a project
and admit it. And this task proves to be as hard as solving engineering issues.”
“So, as a physicist, you understand that this can be
done. What do you think of it as a human?”
“I doubt it even as an engineer and I doubt it twice
more as a human being. If such a project is ever to be
launched, it will take time and will only happen after all
other energy sources are exhausted. Maybe then people
will have to recur to it.”
“In what other fantastic projects were you engaged?”
“There was this quite realistic rather than fantastic
project after we made a joint control experiment with
Americans…”
“Do you mean Nevada-Semipalatinsk?”
“Yes. When we were discussing its results with the
Americans in Geneva, I came up with an idea of a joint
scientific experiment. We could measure neutron nuclear cross-sections of rare substances, and study their
properties at high and ultrahigh pressures and temperatures. Then we could produce transuraniums, also
through explosions.”
“And diamonds?”
“And diamonds, too. So, I came up with this idea to
Viktor Mikhailov who was the head of the delegation.
I told him: ‘Can we suggest this to the Americans?’ He
said: ‘Sure. Invite them to a lunch.’ So I brought forward
this idea at the lunch that was organised in our representation. The Americans told us that they needed to
consult. After some consultations, they told us that they
were recommended not to continue discussions on this
subject.”
“Do you regret that contacts with Americans were
abandoned?”
“Sure, it’s too bad. For us, for Americans, and for global science as well. Scientific relations are always useful.”
“Do you have a dream?”
“At my age I mainly dream that the things that we do
stay there, that talented young people come to us with
whom we could share our experience and train them
in our extremely sophisticated business... Perhaps, the
greatest danger of all (and actually our American colleagues agree with me) that people will become too confident of their estimations while abandoning experiments and will finally make weapons that do not work.
It is very important to share our experience, experience
of those people who have overcome all hardships and all
obstacles of Nature.”
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Personality
Evgeniy Nikolayevich Avrorin
Member of the Russian Academy of Sciences; Scientific Director at the Russian Federal Nuclear Centre — Zababakhin All-Russian Scientific Research
Institute of Technical Physics (RFNC — VNIITF); Hero of Socialist Labour (1966).
Born in Leningrad.
After graduation from the Physics Department of
Moscow State University, he began his career at Design
Bureau — 11 (KB-11, currently RFNC-VNIIEF) where he
was involved in the development of the first Soviet
two-stage thermonuclear charge.
In 1955, Avrorin joined Research Institute-1011
(NII‑1011) (currently RFNC-VNIITF), where he was the
Head of Theoretical Physics Department since 1964,
Head of Theoretical Physics Division since 1974, and
Scientific Director since 1985. From 1996 to 1998, he
combined the position of VNIITF Scientific Director
with that of VNIITF Director.
Chairman of the Snezhinsk Division of the Russian
Pugwash Committee under the Presidium of the Russian Academy of Sciences.
Holder of the Order of Lenin (1987), the Order of the
Red Banner of Labour (1956), and the Order For Services to Homeland (3rd Class in 1999 and 2nd Class in
2006), as well as Veteran of Labour (1988), and 300th
Anniversary of the Russian Fleet (1997) medals.
Winner of V.P. Makeev prize (1999).
“That is to say, nuclear weapons are a tricky
thing…”
“Very tricky! And it all hinges on lots of details and nuances.”
“I once talked to the director of a radiochemical
plant. He told me: ‘You know I have worked for war all
my life, and now in my later days I have finally started working for peace.’ He started making MOX fuel
for next generation reactors. Have you ever felt this
way? Or did you feel it after your first peaceful nuclear explosions?”
“I do feel this way to some extent. Moreover, lately we
have been, although marginally, but still involved in
nuclear power engineering. Of course, we prefer fastneutron reactors. Those are the neutrons that we have
always dealt with. So I too am working for peace today. Well, I would say I have been working for peace all
my life, for I am confident that our weapons add to the
safety of the planet. We have always been working for
that.”

Interview by Vladimir Gubarev
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We Were Able
to Foretell the Future…

“While thinking
about good things
and making good plans, we always need
to remember not to do anything bad.”
Yuliy Khariton
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Our production is
up-to-date. And
now we have full
confidence that
our ammunition is
reliable and is still
capable of crushing
any enemy
ur conversation with Radiy Ivanovich Ilkaev started at the
memorial apartment of Y.B. Khariton in the city of Sarov and
ended in Moscow, in the museum of E.P. Slavskiy — in the
Rosatom building on Bolshaya Ordynka Street. And this is
very symbolic: we were talking about today’s state of nuclear
weapons and about the role they play in Russia’s life today. But
it’s impossible to comprehend it without brief flashbacks to people
whose names are reflected in museum’s titles.
Sarov

“We are now in the office of Y.B. Khariton, where
you once said a phrase that I remembered: ‘Khariton’s school means reliability.’ Today you hold the
position that belonged to academician Khariton for
many years, so I want to ask you: is this phrase still
current for you and your team?”
“I like to repeat several thoughts expressed by Yuliy
Khariton. First, ‘We have to know ten times more than
we need today.’ And the second, ‘While thinking about
good things and making good plans, we always need to
remember not to do anything bad.’ I always keep this
in memory and try to consider it in my work.
Our institute was created by wonderful scientists.
Scientific research was at the core of the work that
was conducted here on the atomic project. The cult
of knowledge, respect for scientists and specialists of
any rank and age — Yuliy Khariton instilled this concept in all nuclear center’s associates. These qualities
of ‘Khariton’s school’ remained with us, and thanks to
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them we are doing very well both in fundamental and
applied research. Our institute always fulfilled — and
keeps fulfilling — the tasks set before us by the country’s leaders. And now, when something new and serious arises, we are the first being addressed. I think
this is the best proof that Khariton’s scientific school
keeps working, and very successfully. As to reliability,
this used to be the highest priority for Yuliy Khariton.
One could never pursue him to sign a report if it contained some ambiguity. He gave orders only when he
made sure they were reliable and correct. This was especially important for the atomic industry, for building
a nuclear weapon. Reliability and safety are the foundation of the technologies that we possess.”
“A typical layman has this impression: you built
a bomb, a nuclear charge, and it should be enough.
Why keep fiddling with it?”
“Not just laymen, but even specialists who don’t directly deal with nuclear weapons can also ask such
questions. Let’s return to the era of standoff between
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The famous “Red House” in Sarov — the former “New Hotels” of the Sarov monastery, which until recently was occupied by
the Administration of the Russian Nuclear Center. In 1947, Y.B. Khariton lived and worked in this house.
the two superpowers. Virtually all types of armed forces were equipped with nuclear weapons. That means
dozens of types of devices and dozens of types of ammunition. Furthermore, when there is competition in
weight, size, and other parameters — durability, power, etc. — each side tries to keep up and, preferably,
spring ahead. After all, we knew what arsenal was in
our potential enemy’s possession.”
“Did we keep up?”

Yuliy Borisovich Khariton
(1904–1996)
Outstanding Soviet and Russian
theoretical physicists and
physicochemist.
USSR AS academician, doctor of
physical-mathematical sciences.
Creator of the nuclear shield of the
Soviet Union.
Since 1946, chief engineer and scientific
supervisor of Engineering Bureau 11
(Arzamas-16) in the city of Sarov.
Laureate of several USSR state prizes.
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“I can say for sure: the Soviet Union and our country’s scientists did not lose the competition. Essentially, we always built ammunition ‘in reply,’ i.e. we were
not the initiator of the arms race. But we always replied adequately, and our production was never inferior to that of the United States.
When we created nuclear and thermonuclear weapons, we agreed that we will build our products using moderate parameters, i.e. not using up the last
resources. For this reason, our production is up-todate. And now we have full confidence that our ammunition is reliable and is still capable of crushing
any enemy.”
“And how long this ‘up-to-dateness’ can remain?”
“There is no simple answer here, because we’re talking about very complicated constructions. Of course,
we used time-tested ammunition, but the entire nonnuclear part can always be upgraded — warheads can
be made ‘smarter,’ more ‘intelligent,’ safer, etc.”
“Smart warheads… What is it?”
“Here is the situation. You understand perfectly
well that the damage radius is the cubic root of power. Therefore, to have a good increase in efficiency,
we need a much bigger increase in power. But rather
than increasing power, we could increase the precision of the hit, which is much more efficient. And this
is what can be done by means of non-nuclear parts of
the weapon, by means of increasing the accuracy and
precision of all systems.”
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Moscow

“The future that has already set in was born in this
very room, hosted for three decades by legendary
Efim Pavlovich Slavskiy — the leader of the Soviet atomic industry. He once told me that we spent
much less money than Americans did. And not just
for the atomic project, but also for space and rocket technology. So we spent less, while maintaining
approximately the same level. How did we manage
to achieve it?”
“Yes, it’s true that we spent much less money —
whatever our economy allowed us. But there was
also the life requirement: the country needed nuclear
weapons. And we understood this perfectly well. So
we used to our best the enthusiasm and our minds.
Everything was done extremely rationally, i.e. only
what’s necessary. For example, our computing machinery was approximately ten times less powerful than theirs. We said, ‘Fine, we will compensate it
with a better production program and more thorough
physical models,’ etc. We were not copying what they
did, but implemented our own ideas. And this always
leads to lower costs, better quality, and higher reliability.”
“Russia’s Federal Nuclear Center is a large scientific center comparable in scale with a department
of the academy of sciences. Weapons’ reliability
and efficiency was our top priority. But I know and
I saw that you develop not just nuclear ‘goods,’ but
also big science. Could you tell us about it?”
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“Under today’s conditions, everything has been
moved to scientific laboratories, because nuclear testing ranges are ‘silent.’ I would say that for the first time
ever, the world is conducting a very peculiar experiment. You tell a physicist, ‘Look, you can no longer test
your products, but you must guarantee their 100% reliability.’ How can this be done? Just one way: by obtaining more and more knowledge each year, by exploring physical nuances, by checking them in various
experiments — gas-dynamic, electro-physical, laser,
radiation on accelerators, etc. This way, the center of
mass, in terms of verifying reliability, moves to scientific laboratories. This is why we must build models of
very complicated physical phenomena. And they must
be much more accurate than for nuclear testing. We
must have mathematical programs that are more powerful and precise than the ones we used for preparing
nuclear testing. The former knowledge is insufficient
for these programs. This is why we must build new installations — physical, laser, electro-physical, gas-dynamic, etc. — and use them to conduct experiments.
If we get serious about maintaining the reliability of
weapons for decades to come, we must primarily develop science.”
“And how do you do that?”
“Of course, it’s not as simple as we would like it to
be. We would prefer our scientific program to be much
more powerful. When our president, Vladimir Putin,
visited us, we discussed these issues. He promised
full support. Now the most important thing is to make
sure that the subordinate bureaucratic body does not
play down this very important decision by the president.”
“As the nuclear center’s scientific leader, what
are you especially proud of?”
“We have very good scientific programs. At the general meeting of the Russian Academy of Sciences, its
president V.E. Fortov spoke about two fields that produced very exciting data on gas compressibility, notably at ultrahigh pressures. These kinds of experiments are being conducted only in Sarov. Also, for example, we got very important results on new types of
lasers, which also represent a world achievement.”

Efim Pavlovich Slavskiy
(1898–1991)
Soviet state and party worker, one of the
founders and leaders of the homeland
atomic and nuclear industries.
In 1957–1986, minister of Medium
Machine-Building Industry of the USSR.
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Academician Y.B. Khariton at the Russian Nuclear Center museum, near the RDS-1 bomb case
“It would be nice to hear about something ordinary — for all of us, average people. Are there such
examples?”
“Today’s industry cannot survive without modeling
and calculations. If a company develops sophisticated machinery, it cannot do anything without calculations on powerful computers. Our mathematicians
create world-class software. And now they tell all the
users in the industry, including the defense industry,
because such products cannot be purchased abroad,
‘Please, take it, it will cost you several times less… We
will help and train your specialists if needed.’ All this
we make in Sarov. I believe that this work is good contribution to our industry. I think that in some time our
programs will be used everywhere… In the meantime,
only 50 companies use it. But soon thousands will be
using it, because our industry cannot become worldclass without this software product.”
“There used to be a time when we made surgical
instruments…”
“We are now creating a technopark where we want
to implement specific production. No experiments,
just in-demand production that is being purchased
immediately. Why do we need this? Because there
are 93 thousand residents in our city. We must create high-level jobs with decent salaries, so not only
our Institute of Experimental Physics would live and
thrive, but the entire city of Sarov would lead a fullfledged life. For example, recently we started producing new construction materials. I was amazed that

representatives of several firms immediately signed
contracts for years ahead. We also started producing
world-class shutdown machinery for nuclear and nonnuclear power stations. In other words, in addition to
world-class scientific research, we have perfectly practical achievements. We want our technopark to benefit
not just Sarov, but the entire industry of the Russian
Federation.”
“I recall how 25 years ago, in Sarov there were
talks about how to live in the future. And it was decided that about 30% would be devoted to military
production, while the rest would go to civil production… Did these numbers change since then?”
“The essence is not in numbers! We already have a
military program, and it is partially financed through
Rosatom and the Defense Ministry. Of course, we
spend most of these finances on defense. But we decided to develop the civil production using our technopark. We don’t invent anything ourselves, we simply
borrow certain ideas that are used abroad. This is how
large universities usually operate. The state spends
money to create the infrastructure, and then the technologies invented at this university are moved to the
technopark, which furthers their perfection and commercialization. This is the path we decided to follow.
And I think it is wise…”
“There are two unexpected conclusions that
could be made from our conversation. Firstly, it
turned out that the ban on nuclear weapons testing
actually benefits Sarov. Secondly, it’s good that you
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traveled abroad and exchanged information with
Americans: you studied a positive experience in order to use it at home.”
“I strongly regret that the international cooperation is closing down. There are very few scientists and
weapons specialists in nuclear technologies. Communication is necessary to exchange results of scientific
research. I believe that we have a very well organized
system of protecting knowledge, technologies, and results. And there is no danger here. But now we are returning to the past…”
“To the Cold War?”
“Yes. I won’t give any evaluations, let politicians do it.
Of course, this is sad…”
“I recall Americans visiting Sarov…”
“…and nothing terrible happened. We were discussing serious issues, such as creating systems of accounting and controlling fissionable materials. In Soviet times, personnel was very well trained, everything
was done absolutely clearly, soundly, and in time.
This is why we had no serious incidents with nuclear materials. But moving to a different economic format requires technical measures of accounting and
control. And in this respect, communicating with the
Americans was very beneficial, because they started tackling this problem much earlier. We did some
very productive teamwork to our mutual benefit. Another example is storing fissionable materials. We had
to implement technical means, including reasonably
equipped storages. We worked together, creating them,
which was very helpful to our country. And nobody

Personality
Radiy Ivanovich Ilkaev
RAS academician, Scientific Supervisor of the Russian Federal Nuclear Center “All-Russian Scientific
and Research Institute of Experimental and Nuclear Physics”, Sarov (RFNC VNIIEF).
Graduated from the Physics Department of the Leningrad State University.
In 1961, started working at VNIIEF in Arzamas-16
(currently Sarov).
Since 1996, director of the Russian Federal Nuclear
Center VNIIEF.
Currently, scientific supervisor of RFNC VNIIEF.
Leading specialist in theoretical and experimental
nuclear physics and areas related to creating nuclear
and thermonuclear weapons.
Author of 550 scientific works and inventions.
Honored scientist of the Russian Federation, laureate
of state prizes of USSR and RF.
worried that someone could seize or steel some part
of fissionable materials from the Russian Federation.
The problem was solved brilliantly.”
“Can we be at rest about it today?”
“Yes, absolutely!”

Interview by Vladimir Gubarev

Y.B. Khariton and R.I. Ilkaev
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From Revolution

to Evolution
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“Researchers who
were involved in
the atomic bomb
project did not want
to gain the fame
of Herostratus by
designing weapons of
destruction.”
Deputy Director of Kurchatov
Institute, doctor of technical
sciences, professor

Yaroslav Igorevich
Shtrombakh

urchatov Institute has always been the pioneer of the Russian nuclear
power industry. We have interviewed Yaroslav Shtrombakh, Deputy
Director of Kurchatov Institute, about challenges, history and outlooks
of peaceful nuclear energy.
“How difficult was it to make a breakthrough in the
research on civil power engineering when we became able to use nuclear energy for peaceful purposes? The Soviet Union had enough oil, gas and
coil, so why did it engage in such an economically
challenging project that was probably economically unviable at the time?”
“I believe researchers who were involved in the
atomic bomb project did not want to gain the fame
of Herostratus by designing weapons of destruction.
They probably wanted to employ their knowledge, energy and intelligence for the good of mankind. It is
hard for active, creative and positively thinking people to know that the results of their efforts will kill people, so they want to offset these thoughts with something positive. Perhaps, our scientists, who were the
first outside the U.S. to produce a nuclear chain reaction and use it to accumulate plutonium and create an
atomic bomb, were also thinking about how to use it
for the good of humanity.
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The world’s first nuclear power plant was a project
that allowed stating this loudly to the whole world. At
the same time, the reactor that was installed at the
first nuclear power plant was of the type that did not
become a priority area in the evolution of nuclear power engineering.
At the time the Soviet Union and the whole world
were working on nuclear submarines. After a series
of trials and errors, all countries chose water-cooled
and water-moderated reactors as the main area of research on submarines. At the same time they become
the general type of reactors in civil nuclear power engineering.
For quite a while, this area was highly classified. Researchers in Kurchatov Institute often did not know
what the next-door laboratory was working on. In
this situation the leaders of the Soviet nuclear project — the great Kurchatov and Aleksandrov — acted
as liaisons between the military and civil parts of the
project. For instance, when making decisions on civil
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 ecided to take a closer look at pressure tube (RBMK)
d
reactors that were already used to produce plutonium. A large capacity RBMK reactor was designed as a
result. The large-scale production of first generation
VVER-based reactors was launched in 1971, starting
with the Novovoronezh reactor, followed by the Kola reactor. RBMK reactors were started up at the Leningrad
Nuclear Power Plant approximately at the same time.
This was the beginning of a long era of Soviet nuclear
power engineering.”

What to Do with Matches

Leningrad NPP
water-cooled water-moderated (VVER) reactors, Anatoly Aleksandrov often said: ‘Do it this way.’ And then,
without explaining anything, he added: ‘Guys, I know
how it should be done. I do know it, trust me. Make
no doubt about it.’ He did know it for he had already
worked on it when designing reactors for nuclear submarines. Therefore, it was very important for Kurchatov Institute to work both on military nuclear-powered
machines, and on civil reactors that were to lay the
foundation for the nuclear power industry.
Kurchatov was pushing these lines of research very
hard. The decision to construct two new plants — Novovoronezh and Beloyarsk NPPs — was an in-principle decision that was made at the government level (i.e.
at the level of the Central Committee of the Communist Party of the Soviet Union). In 1955, Kurchatov set
the task to prepare the terms of reference for a watercooled water-moderated reactor (VVER). A year later E.
Slavsky, Deputy Minister of Medium Machine-Building Industry, charged three organisations, Kurchatov Institute, Leningrad Design Organisation and Research and Design Office Gidropress, with the task of
designing a VVER-based power plant.
When later, in the 1960s, the government made an
in-principle decision to push the nuclear power industry forward, it turned out that the manufacturing of reactor vessels is constrained by existing capabilities of Soviet heavy machine-building plants. The
then only Izhora Works was unable to support such
an ambitious programme. As a result, the government
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“Then why for so many years have nuclear power
plants not achieved the same performance that
thermal power plants were able to achieve?”
“I wouldn’t say so. Nuclear power plants are currently close to 38–40% in terms of the efficiency ratio, and
I don’t believe that this figure is much higher in thermal power. The capacity growth is constrained by capital expenditures that are required to build a nuclear power plant. It is easy to build a gas-fired plant,
but then you need to burn up tremendous amounts
of gas. A nuclear plant consumes much money at the
construction stage, but its fuel component is rather
cheap.”
“On the other hand, we have lots of oil and gas,
and not that much of uranium.”
“I wouldn’t agree with that, either. All fossil fuels
combined — oil, gas, coal, and everything that can
burn and release energy, including forests — account
for mere 3% of energy reserves currently available on
Earth. 97% of this energy is contained within two isotopes — uranium-238 and thorium-232. Unless we artificially limit the global population, we need to think
of global reserves. Today there are two sources of such
global reserves: uranium and thorium.”
“But this should be not just uranium, but uranium that has an economically attractive price.”
“This time I would agree. Many experts say that we
are fuelling nuclear reactors with matches. And this is
true. We are now at the early, rather primitive, stage of
power engineering — the stage of the open fuel cycle.

Chernobyl, Three Mile
Island, Fukushima – this
is the price we paid for
thermal neutron reactors.
Fortunately, this price did
not include any huge losses
of human lives
w w w.sci-ru.org

| v mire nauki: special issue 2015

Russian N uclear I n dustry

The containment zone at the Rostov NPP
Fissile isotopes that are used in it, uranium-235 and
plutonium-239 — are just matches that can be used to
ignite a cheaper fuel that we have in abundance. Advanced fast reactors can work on uranium-238, while
thorium-232 can be converted into uranium-233.
Among other things, Kurchatov Institute is responsible for drafting a nuclear development strategy. We
estimate that the open fuel cycle will be efficient approximately until the end of 2050 if we begin to actively close it starting from 2030.”
“What do you mean by ‘closing’?”
“Using uranium-238, and later thorium-232 as a
reserve to produce fissile isotopes that can be then
used to produce critical masses; burning abundant
reserves of uranium-238 and other isotopes that can
only capture fast neutrons.
Rosatom is currently examining our development
strategy along with strategies prepared by others. Our
strategy provides for bringing together the two principal lines of research: advancing slow-neutron reactors
and creating fast-neutron reactors. The latter area is
extremely attractive, but we need to be honest and admit that no commercial technology based on fast reactors has yet been created. The currently most advanced sodium-cooled reactors are considered within
the ‘Proryv’ project, while lead-cooled reactors are another possible solution... But all these are not actual
technologies yet. They are but concepts that need to be
tested for process consistency and checked for safety
and performance.”
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The Price of Luck

“Chernobyl, Three Mile Island, Fukushima, all these
accidents are our price for thermal-neutron reactors.
Fortunately, this price did not involve enormous numbers of human victims.”
“But the impact on the image of the industry and
trust in the industry was undoubtedly enormous.”
“People are really scared of nuclear power. I always
put it this way: ‘Remember the Indonesian tsunami
that took 300 thousand lives. Have people left ocean
coasts?’ But the risk of the disaster is very high.
There are earthquakes and tsunamis in the ocean,
but people get back to the coast, because it offers
a better life, larger reserves of fish, protein and all
those things.
Or take the 1984 accident at the chemical plant in
Bhopal in India when 3 thousand people died at once,
and 15 thousands died later. Have we abandoned
chemistry? No. But nuclear power is always associated with the mushroom cloud of the nuclear explosion,
and this makes it seem very scary. We need to treat it
hard, but not hysterically. Therefore, when we argue
with opponents of nuclear technologies, we say that
VVER technologies have been paid for with the Three
Mile Island and Fukushima accidents.”
“Was Chernobyl the price for RBMK reactors?”
“We have decided to abandon the RBMK project. The
last RBMK reactor will be decommissioned in 2031.
But so far they are generating half of all our nuclear
power.”
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Installation of the turbine at the Novovoronezh NPP-2
“The world has paid for safety of water-cooled water-moderated and pressure tube reactors with accidents. But the transition to fast-neutron reactors
is a real revolution. Will we also have to pay for this
revolution with similar tragedies?”
“For this very reason we call to move in this direction with great care, and pay close attention to problems as they arise.”
“There has been much talk about ‘inherently safe’
reactors…”
“We at Kurchatov Institute do not recognise this concept. There is a level of safety inherent to the system,
that is, physical principles embedded into the reactor
that reduce the risk of emergencies. But there is not
and cannot be any inherent safety. Therefore, we need
to follow this path of turning an idea into a technology
in a completely conscious and rather evolutionary way.
We need to streamline the fuel use in VVER by increasing the share of fast neutrons in the overall neutron flow. We estimate that uranium consumption by
these reactors can be reduced by a third, while the
fuel regeneration factor can be increased to 0.8. That
means that up to 80 nuclei of plutonium-239 will be
produced from every 100 burnt-up fissile nuclei of
uranium-235. Once this is achieved, we will be able
to speak of closing the fuel cycle even in slow-neutron
reactors.”
“Is it possible?”
“Yes, we are working in this direction. If we add an
equivalent number of fast reactors to such ‘enhanced’
VVERs, we will be able to close the fuel cycle and use
already produced and accumulated uranium-238 for
many decades. Let’s call it an evolutionary way of further advances in nuclear power.”
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“But some say that VVERs have
reached the ceiling of their technical
capabilities. Investment in their design
and construction already brings very
low payback.”
“No, they also offer attractive outlooks.
I have already told you about the first opportunity; we call it the evolutionary way.
The other opportunity lies within what is
known as the fourth generation of reactors. It involves even more radical development paths for VVERs, what is known as
the supercritical water reactor. It works at
much higher temperatures and pressures,
with water output temperature reaching
more than 500° C. I would call it the revolutionary way.”
“Superheated steam?”
“Not steam, water! Supercritical pressure gives us parameters that go beyond
the values of Vukalovich’s tables (tables
with properties and states of water and
water steam across a wide range of temperatures and pressures that have been
created by Soviet physicist M. P. Vukalovich (1898–
1969). — Editor’s note). It can give us both higher energy conduction and better physical parameters. But
this is the revolutionary way to improve VVERs.
The evolutionary path is more realistic at the moment. It can use uranium-233 that is produced from
thorium-232. This solution will considerably improve
the reactor core physics. Uranium-233 is actually
good for thermal-neutron reactors.
“You’ve got about one hundred metres from evolution to revolution...”

Smolensk NPP
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“Kurchatov Institute would not be Kurchatov Institute if it did not come up with both revolutionary and
evolutionary solutions. Kurchatov actually told about
this.
The idea of taming thermonuclear energy emerged
right after we had made the hydrogen bomb. It was
clear already back then that thermonuclear energy is
about lots of neutrons that can turn non-fissile feedstock into fissile materials. We are currently renovating our Tokamak-15 to make it a prototype of a thermonuclear neutron source.
We estimate that such a source can effectively produce fissile isotopes even if the facility itself is of rather limited capacity. With a gigawatt of heat from it,
we can get three tonnes of uranium-233, while in a
fast reactor the same gigawatt will only give you mere
300 kilograms of plutonium-239.”
“But we cannot use thermonuclear energy yet!”
“That’s why these facilities still look like science
fiction. But the international community is already
building ITER, while we are studying the physics of
more compact, more down-to-earth problems of thermonuclear neutron sources. I believe that this path
will also play a significant role in the future, as the
97% of energy I told you before need to be retrieved in
one way or another.”
There is another area that we have not discussed
yet: small-capacity thermal rector power plants.
What are their outlooks?”
“This is a quite promising area of research, but it is
constrained by a very similar factor: a very high cost of
kWh as compared to large-capacity power plants. Already medium-capacity 600 MW reactors raise many
concerns, and there are much more of them about
small-capacity reactors.

v mire nauki: special issue 2015  | w w w.sci-ru.org 

The atomic power industry
always has the nuclear
explosion mushroom
overhanging it, that’s why
it looks frightening
It only seems that the smaller the power plant is, the
fewer there are problems. A small nuclear power plant
faces almost the same issues as a large one, in terms
of physical protection, emergency response, and terrorist attack threats.
We do need small-scale power plants, but they are
needed to tackle specific tasks. For instance, in cases
when it is hard or expensive, or environmentally challenging, to supply large amounts of diesel fuel. In this
case, smaller nuclear power plants, despite their high
cost, can successfully compete against larger ones
and allow addressing many issues of gold miners, oilers, etc. They can also be useful for the military, e.g.
at remote Arctic stations. In this case the cost has a
lower priority: it is more important that the mini-NPP
supplies power to combat equipment.
As to smaller transportable nuclear power plants
that could be leased out to developing countries, all aspects of this issue need to be thought through as carefully as possible, including in terms of nuclear nonproliferation. But the main issue that remains is how
to reduce the cost of their construction and operation.
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Brave Nuclear World

“In January 2010, the U.S. Department of Energy set
up an independent expert commission to analyse the
future trends in the U.S. nuclear industry. Two years
later the commission came up with a report stating
that the fuel cycle needed to be closed, but that they
still had no generally accepted technology for fast reactors. Russia is currently operating a sodium-cooled
fast reactor and we are also launching a new BN-800.
We are ahead of all other countries on this technology. We are also actively cooperating with the French
in this area.”
“There is such a rich country as China. Why did
they decide to develop their nuclear power based
on Westinghouse’s AP-1000 and not based on our
VVER?”
“When you are developing your nuclear power industry, you will constantly look for a trade-off between
cost and safety. Before Fukushima, many believed
that we were too concentrated on safety issues. Then
Koreans designed much cheaper projects that, in our
view, were insufficiently elaborated safety-wise. After
Fukushima, such projects are much less likely to be
built. AP-1000 is a good project, but I think the idea of
turning the U.S. reactor into a Chinese one will raise
some licensing issues.
Our VVER-TOI project has factored in all previous
experience to come up with a reactor with minimum
environmental impact. We have been able to reduce
the restricted area in case of a potential accident from
three kilometres to 800 meters!

In Turkey, we are building
four units using the
principle “build – own –
operate”
We have been long debating whether we need core
catchers or not. Vladimir Asmolov from Kurchatov Institute has implemented Mask and Corium projects.
At Fukushima-1 corium from the reactor vessel went
down, and everyone realised that a catcher is a useful thing. Catchers installed in our Chinese and Indian projects have proven to be a great export advantage
for us. All new projects feature them today. We have
been able to gain strong positions in the global market. Turkey where we are building four units on a BOO
(Build — Own — Operate) basis is a good example of
this. Our projects are subject to a rather stringent appraisal by local supervisory authorities. On the other hand, the French Areva that beat us on a tender for
the construction of a reactor in Finland is lagging seven years behind the contractual timetable. They fail
to convince the Finnish Radiation and Nuclear Safety Authority (STUK) that their project is safe. We hope
that the Russian power plant is planned to be built at
the Hanhikivi site will not face such problems.”

Building of the power unit at Novovoronezh NPP-2
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“If everything goes as planned and we put the closed
fuel cycle in place, how likely is it that 9/10 of thermal
and power capacity worldwide would be generated by
nuclear reactors by the end of the century?”
“We need to see how the global situation will develop in
general. Mikhail Kovalchuk, our Director, often says so.
The tables have turned in the power market with a rise
in energy consumption by the countries that we once
called developing. I mean BRICS countries. At this point
we will be never able to produce as much energy as India and China can consume. We will need to engage new
resources in any event. Perhaps we will change energy consumption patterns by abandoning petrol cars in
favour of hydrogen- or electricity-powered cars. For the
nuclear industry can also produce hydrogen.
The power market can turn into a very high capacity market. The market is currently sluggish. We have
heated debates on solar batteries, wind turbines, etc.
But it is evident that we cannot rely on them to ensure
the wellbeing of 15 billion people who will inhabit the
planet by the end of the millennium. We need efficient
and inexpensive sources of energy, such as nuclear
power plants. I don’t think we would achieve 90%, but
when organic resources become food (and this situation is not far away if the global population keeps growing at the current rates), we will eat, and not burn, oil.
In this case nuclear power will be in high demand.”

NB!

In 2012 you won the State Award. You are an expert
in nuclear materials science. Russia has recently
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designed a fantastic sort of steel that allows extending service lives of reactor vessels to 100 and
more years. I have put both facts together. Is it you
that we need to thank for this?
“Not only me. But me as well. The project on reactor
vessels that won the State Award of the Russian Federation was implemented by experts from three organisations:
Central Research Institute of Structural Materials
‘Prometey’, Kurchatov Institute and Central Research
Institute of Machine Building Technology (CNIITMASh).
As a result, we were able to extend service lives of reactor vessels from the current 30–40 years to 60 years.
And, believe me, it was not that easy.
The second achievement where I was involved on a
large scale was the annealing methods that we designed for the VVER-1000 vessel material. They can
be used to extend service lives of a number of vessels
that raise concerns also to 60 years.
The third thing was the steel you have mentioned.
It was designed by ‘Prometey’. But we (both Kurchatov Institute and I personally) were directly involved in its creation. It will hold even for 120 and not
100 years!”

Interview by Ravil Atzhanov
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“The most optimistic
forecasts indicate that
at the rate the world is
consuming energy today,
fossil energy sources on
Earth will deplete as
soon as in 100 years.
This means that nuclear
power simply has no
alternatives.”
First Deputy CEO at Rosenergoatom,
doctor of Technical Sciences, professor

Vladimir Grigoryevich
Asmolov

e have asked professor and doctor of technical sciences Vladimir Asmolov (currently Adviser to Rosatom’s CEO, previously Deputy Minister of Russia for Nuclear Power from 2003 to
2004 and later First Deputy CEO at Rosenergoatom for about
ten years) to tell us about the first steps of the civil nuclear industry in the Soviet Union, its current position and the outlooks of the Russian nuclear industry.
On 26 June 1954 our country witnessed what could
be safely described as a landmark event. On that day,
the world’s first commercial nuclear power plant was
started up in a super-secret Laboratory V based one
hundred kilometres away from Moscow. At 05.45 p.m.,
according to a record in the operations logbook, the
turbine of the power generating set received steam
heated up with energy released as a result of nuclear fission. It was for the first time in the history of humanity that light and heat were delivered to houses
not through the accumulated energy of the Sun — be
it oil, gas, coal, water or wind energy — but the energy
of the atomic nucleus tamed by man.
I would rather begin not with the 1950s, but much
earlier. World War 2 was in full swing. Concerned with
the risk that Germany would create nuclear weapons, the United States together with the United Kingdom and Canada frantically started developing their
own atomic bomb under the Manhattan Project that
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 ulminated in the nuclear bombing of Japanese towns
c
of Hiroshima and Nagasaki. The leaders of the Soviet
Union were aware that, for the country to survive, it
needed to master nuclear fission as soon as possible.
The Soviet atomic project was launched in 1943, and
despite the post-war devastation and the need to revive
the national economy exhausted by the war, all available resources were directed to the project. We needed to address the top-priority task of ensuring our national security and it was successfully achieved in
1949. By testing its first plutonium bomb that year,
the Soviet Union was soon on equal footing with the
US in terms of nuclear weapons.
Igor Kurchatov and other physicists who were engaged in the design and development of nuclear weapons understood very well that nuclear energy may be a
destructive weapon of unprecedented power, but also a
virtually inexhaustible source of energy that could ensure the national energy security. In this connection, I
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would quote a letter by Pyotr Kapitsa to Molotov dating
After Chernobyl we clearly realised that it is not sufback to 1945: ‘We need to use nuclear fission for peace- ficient just to know how a reactor operates, but that
ful, cultural purposes.’
we need means that will allow us to reliably control
The most optimistic forecasts indicate that at the it in any state. Reactivity-increase accidents are unrate the world is consuming energy today, fossil energy controllable. The active phase of the Chernobyl acsources on Earth will deplete as soon as in 100 years. cident lasted for only four seconds. Accidents of this
This means that nuclear power simply has no alter- kind must be ruled out by the physical properties of
natives. Despite all protests of the green and other the reactor itself. But we can and must control longer
radicals, many countries continue building their nuclear power plants on a growing scale. With the number of nuclear power
plants rising, the challenge of nuclear safety (i.e. the need to ensure safe and reliable
operation of nuclear power facilities and
to manage radioactive waste) is becoming
more and more acute. The Three Mile Island
accident in the U.S., and then the Chernobyl disaster made the global nuclear community pay the closest attention to the safety
issue.
The creators of the Soviet atomic bomb
project never doubted that their military
project would eventually serve to peaceful
purposes. Today’s nuclear power industry
has inherited almost everything from the
Soviet A-bomb project: unique professionals, technologies, manufacturing capabilities, and knowledge.
The first ways to use nuclear energy
across a number of areas were suggested as
early as in the late 1940s. Later we designed
unique projects of nuclear-powered aircraft
and rocket engines, nuclear railway engines and even a nuclear-powered tank. The
atomic bomb project gave birth to nuclear
icebreakers, nuclear submarines, nuclear
power plants for spacecraft, and civil nuclear power engineering. It is clear that nuclear
power facilities did not require strong economic rationale at the time. Nuclear power plants were more expensive than standard power plants and they had low capacity. Safety was certainly a priority, but
not a top one. But safety relies on a body of
On June 27, 1954, the first in the world NPP
in the city of Obninsk started generating electricity
knowledge. The more you know about a system, the easier it is to foresee its state at any
point in time. If you lack some knowledge, you need to accidents that involve heat removal disruption as was
initiate research, sometimes sophisticated and expen- the case in the Three Mile Island or Fukushima accidents. For this we must strictly follow general rules
sive, to fill this gap.
and regulations, understand safety principles and
Every Defence Line Is Critical
know all ins and outs about happens in each situaThe Three Mile Island accident came as the first warn- tion. This, in its turn, requires having an understanding. Radioactivity released as a result of the loss of ing of how a reactor will behave in emergencies or in a
coolant and core meltdown was relatively low, just critical condition. The Three Mile Island and Chernob15 curies. The real disaster took place in Chernobyl yl accidents were followed by major experiments deseven years later. The accident resulted in more than signed to understand the processes that accompany
50 million curies of radioactive materials released into such accidents. My teacher, Viktor Sidorenko, currentthe environment with a hike in radioactivity.
ly a Corresponding Member of the Russian Academy of
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 ciences, was among the major experts on this area in
S
the USSR. He and I developed and led a major accident
research programme and studied the processes of how
burning turns into detonation, hydrogen explosion,
the problem of confining the corium inside the reactor
vessel, etc. In 1987, we even modelled a smaller controlled Chernobyl accident in the impulse reactor IGR
in Semipalatinsk. We took a fuel rod from an RBMK reactor and looked at how it was breaking down. Now we
know such accidents inside out and we can guarantee
for sure that they will never happen again.

Future Challenges

It is unclear so far how expensive uranium will be in
the near future and how much of it we will find. But
today we can already reliably state that power engineering based heavy element nuclear fission can supply humanity with energy over any foreseeable future.
The path that we are following and all our efforts are
focused on this goal.
In the future, after we close the nuclear fuel cycle
for uranium and plutonium, we will solve the issue of
nuclear fuel supply once and for all. But to make this
happen, we need to think about it and work on it today.
Nuclear power currently accounts for about 17% in
the total global electricity output, which is clearly below its true potential. The issue of managing waste
and spent nuclear fuel is just getting worse so far,
since we just keep accumulating them. With the closed
fuel cycle, we will be able to solve this issue by burning
up in fast reactors all that rubbish that nuclear reactors produce. In fact, today we are designing tomorrow
where nuclear fuel will become a non-waste renewable
source of energy.
There are certainly other sources of energy such as
wind, the Sun, tides, and bio-energy. But they are all
tied to terrain, roads, etc. and are incapable of meeting
mankind’s global needs. I am in no case against solar or wind energy, but we need to evaluate all related
pros and cons. Then we will perhaps understand that
low frequency noise from wind turbines is not good;
that by ‘paving’ the Sahara Desert with solar batteries
we will trigger a climatic disaster; that we cannot just
take a huge amount of solar energy out of a territory
without environmental implications.
As to coal and gas, they will get too costly as they become depleted. Although nuclear energy is not cheap
either, the actual fuel component in the cost of nuclear kilowatt is low, standing at just 17–20% of the
production cost. The investment or capital component accounts for the rest. It is so high today because
we are very serious about safety. This is an encumbrance that comes along with this highly concentrated source of energy and that takes money. Any new reactor unit, any cutting-edge nuclear technology must
pass through the filter of knowledge to prove it is safe.
Safety must be driven by the defence-in-depth policy.
First of all, we need to build a robust shield against
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r adioactivity accumulated as a result of nuclear reactions. Here we have several lines of defence at a time
that confine the danger: the fuel matrix, fuel rod can,
first circuit, reactor vessel and finally a strong containment.
Apart from these lines of defence, there are also
measures in place to keep them integral. Figuratively speaking, each safety barrier is defended by a team
of soldiers that is ready to act at any moment. The idea
that drives such defence is that each barrier is viewed
as the last-ditch stand. The body of knowledge about
reactor operation built over decades serves as the fundamental basis for the functioning of the entire nuclear power industry of Russia. It also has a superstructure, the safety culture, where safety at all times is
number one priority.
How to make the reactor’s operation as safe as possible without its price skyrocketing? They often say that
we need to build ‘naturally safe reactors’ where design

Nuclear power currently
accounts for about
17% in the total global
electricity output, which
is clearly below its true
potential
itself simply rules out any possibility of an emergency. I do not understand this. For me, safety of a reactor
and its individual parts is about the ability to monitor
and control its operation in any situation.
We need to pass every new development through the
defence-in-depth filter. Hypothesise about an emergency however unlikely it is and explore how it may
unfold. Prove at every stage that the situation is under
control and that we are able to prevent a radioactivity
leak at any of the safety barriers.
If in case of a core meltdown the reactor vessel confines the corium within these lines of defence, we can
do without the core catcher. But first we need to prove
that it will catch the corium. An impeccable approach
from my point of view should look like this.

Centennial Resource

It is insufficient to build a nuclear power plant, for
we need to ensure its smooth accident-free operation
throughout its lifecycle. Let us have a look at the whole
chain. A nuclear power plant needs fuel. It needs reliable fuel elements of a certain type. For this we need
to extract and enrich ore, make fuel rods and procure
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structural materials for their cans, etc. Each of these
components implies a huge amount of work.
Let us consider just one example. The can of our fuel
element or rod is made from Alloy 110 composed of zirconium and 1% of niobium. Zirconium is used because
it is almost transparent for neutrons. If the rod can
temperature exceeds 1000° C and it contacts steam,
this will trigger a steam-zirconium reaction that will
release a significant amount of hydrogen as happened
at Fukushima-1. When mixed with air oxygen, hydrogen explodes, which we also saw in Japan.
There are already projects that allow abandoning
zirconium while retaining the neutron transparency.
E.g. this problem can be solved using ceramic materials. There are proposals to make ‘sandwiches’ to rule
out interaction of zirconium and steam. These are not
some highly hypothetic ideas, but things that are being discussed by real experts and that will soon be put
in place.
Then we have the reactor vessel, radiation resistance
and durability of the material that determine the service life of the entire facility. The strong flow of neutrons that continuously bombard the vessel causes radiation-related changes in the structure of its material, which leads to an abrupt increase in fragility and
to its destruction.

Today the service life of a reactor vessel averages
60 years. Over the last five years we have designed
a new material that can withstand a substantially
stronger flow of neutrons. The designers of this new
material have been given a national award for this.
Such a reactor will easily withstand 100 years of even
intensive radiation, and we do not need more. The important thing is that now we can avoid putting vessel
protectors into the core, which allows increasing the
reactor’s capacity.
The first reactors from the new material will be
started at Kursk NPP-2 in 2019. We are much ahead of
all other countries in this area.
Apart from the vessel itself, there are also a large
number of in-vessel components that are also bombarded with neutrons. Therefore, Rosenergoatom has
ordered a new kind of steel to be designed for such
components.

Step by Step

Today 80% of global reactors are water-cooled and water-moderated. The global nuclear power industry has
accumulated most experience in working with such
reactors, and they currently meet all safety requirements. But it is time to move up the nuclear power
stairs.

The dome of the power unit at Novovoronezh NPP-2, under construction
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Lieutenant General Leslie Groves, who directed the
Manhattan Project, once remarked that a paper project is always simple, cheap and easy to deliver, and
any problems in it are solved with an eraser and a pencil, while real project is never built as planned, and it
is always more expensive than its designers think. So
if a mistake is made, it cannot be erased. For me, the
experience gained today from designing and operating
light water reactors is much more important than any
exciting and impeccable suggestions to ensure deliver
safety through new technologies. I will be supportive
of them, but I want to make sure that they are ‘safe’ in
practice, and not only on paper.
The level of substantiation is a critical factor here.
How does a new fuel get a safety certificate to be used
in commercial reactors? It needs to be tested on test
beds and then in research reactors. Than one fuel assembly or a fuel rod needs to be loaded into a real operating reactor for a while. Then it needs to be kept for
about five years in a pool so that it could be handled,
and then taken to RIAR to hot chambers to look at its
properties. But this only provides us with information
on its safety in a normal mode. Then we need to take a
bit of already burnt-up fuel, load it into a research reactor, test it for the risk of a reactivity accident as it
was in Chernobyl and see what its breakdown threshold is. And so on... The minimum time to substantiate
changes in a fuel is 15 to 20 years. But this approach
guarantees us accident-free operation.
There are two ways to follow. You can set a global
goal for yourself and for the industry, pursue it for
your whole life and say in the end: ‘Alas, I have not
achieved it.’ In my view, it is more reasonable to set
near-term objectives to get satisfaction from your successes and then, once they are achieved, set another
objective. Go from one short-term objective to another. Maybe this way we will be able to achieve the global task of guaranteed safety and guaranteed performance of the nuclear power industry.
There is a host of such tactical objectives. The technology that we operate today has been proved to be reliable and safe. It can be made more efficient without
reducing the safety level. We even have in place a cost
reduction programme for this. Safety substantiation
implies a certain level of prudence or a margin. It could
be left intact, or increased, or reduced. By reducing the
margin, we increase performance. An informed reduction in prudence results in higher efficiency. How to
streamline the use of fuel, how to reduce its amount in
the reactor using various burning-up absorbers, how
to ensure the transition from gadolinium to erbium...
I have on my desktop about 80 pages of projects that
provide substantiation for various new technologies
that can be implemented in the coming years.
But there is certainly a global, strategic goal of
adopting fast reactors with the closed fuel cycle. Otherwise, the nuclear power industry will have no outlooks. The key requirements to the future of nuclear

v mire nauki: special issue 2015  | w w w.sci-ru.org 

Personality
Vladimir Grigoryevich Asmolov
Doctor of technical sciences, professor, First
Deputy CEO of Rosenergoatom
Born in Moscow.
Graduated from Moscow Institute of Power
Engineering majoring in Thermal Physics Engineering.
1970–1992: Engineer, Senior Engineer, Group Head,
Laboratory Head, and Section Head of Kurchatov
Institute of Atomic Energy.
1992–1994: Director of the Nuclear Safety Institute of
NRC Kurchatov Institute.
1994–2003: Director of NRC Kurchatov Institute for
Scientific Development.
2003–2004: Deputy Minister of Nuclear Energy of the
Russian Federation.
2004–2006: Coordinating Director for the Stream of
Research on Nuclear Power Engineering and Nuclear
Fuel Cycle Safety at NRC Kurchatov Institute.
2004–2006: Coordinating Director of National
Research Centre Kurchatov Institute.
Since 2007: Chairman of the Board of Directors,
President (Chairman of the Management Board) at the
All-Russian Research Institute for Nuclear Power Plants
Operation (OJSC VNIIAES).
2006–2008: First Deputy CEO for R&D Policy at
Rosenergoatom.
Since 2009: First Deputy CEO at Rosenergoatom.
Member of the Management Board of the Nuclear
Society of Russia. Member of the team of international
advisers to IAIE Director General. President of the World
Association of Nuclear Operators (WANO). Member of
the Editorial Board of magazines Teplofizika vysokikh
temperatur and Nuclear Engineering & Design. Member
of the Thesis Boards of NRC Kurchatov Institute and
MPEI.
Author of more than 170 of research publications.
Awarded an Order of Courage for participation in the
emergency response activities related to the Chernobyl
Accident.
power engineering include guaranteed safety, efficiency, competitiveness, unrestricted use of fuel, efficient management of spent nuclear fuel and radioactive waste and guaranteed non-proliferation of nuclear
weapons. The closed cycle meets all these requirements.
I have given almost 50 years to the nuclear industry
and know it inside out. I clearly see that there is a full
range of evidence that the nuclear power engineering
brings us good and not evil.

Prepared by Valery Chumakov
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From the viewpoint
of resource
concentration,
problem definition
and moving to a new
platform, our project
“Proryv” resembles
the first atomic project

Technology of closing
the nuclear fuel
cycle is a commercial
project. And the one
who implements
commercially profitable
projects determines the
market development
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Member of the Board
of Rosatom State Corporation

Vyacheslav
Pershukov
speaks about
the new platform
in nuclear power
engineering
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our project is called ‘Atomic Project 2’. Is this a hint
at the continuation of the first atomic project, its
remake, or something completely new?’’
“It’s always nice to give pretty names to things you
work with, but this situation is much more serious.
The existing basis of nuclear power industry, which
in the world is mostly thermal-neutron reactors, has a
range of shortcomings that are embedded in this technology. I have the understanding that the development
of nuclear power engineering based on light-water reactors and thermal neutrons was initially planned as
an intermediate stage. We must move to another technological platform.”
“Which one?”
“World nuclear society has defined it a long time ago.
It was talked about by Enrico Fermi, Igor Kurchatov,
other scientists who created the nuclear power indus-

It’s always nice
to give pretty
names to things
you work with

“They faced serious problems. In fast-neutron reactors, the temperatures are many times higher, they use different materials and different coolants. In this field we stumbled upon many conceptual problems that we were unable to solve in the
20th century.”
“What prevented you from doing it?”
“The complexity of physical processes and the appearance of new processes. Their solution required
serious resource concentration. Among them, there
were the kinds that could be mastered only by large
consortiums of professionals. This is why, from the
viewpoint of resource concentration, problem definition, and moving to a new platform that would allow
dealing with the world problem of nuclear power engineering, our project ‘Proryv’ resembles the first atomic project.”

Assets

try. Using neutrons of the fast spectrum is a unique
opportunity that was given to us by nature — closing
the fuel cycle, when plutonium that gets produced as a
result of irradiating uranium acts as new fuel.”
“Perpetual motion?”
“I would be more concrete: a fuel nuclear cycle that
allows the maximal usage of nuclear energy built into
the material by nature itself. Now nuclear power engineering is in the thermal reactor era. Such reactors
are easier to manufacture in terms of technology and
equipment; they do not deal with extreme temperatures, and thermodynamic cycles of vapor-water mixtures are well adjusted. Properties of vapor and water are known very well, and as for the rest, the power industry doesn’t care what and how to burn — coal
or uranium. There is a heat-producing element, and
that’s all what matters. So they followed the path of
using readily available solutions.”
“But fast reactors also kept developing during all
this time?”

“What scientific and technological resources were
you able to involve?”
“Here, another comparison with the first atomic project would be appropriate. Back then, everything was done directly: in order to solve a particular
problem, a new institute or a laboratory was formed,
which later developed into huge scientific and production complexes. In the ‘Atomic Project 2,’ the entire infrastructure already exists, and we need to
complete a totally different task: isolate key competences, key specialists, key leaders in each of these
institutes and laboratories, and involve them in the
project.”
“The task seems no less, and maybe even more
complicated than creating a new field.”
“Certainly. Specialists are usually busy in other projects; they get overgrown with teams, scientific
schools, habits, friends, and followers. It is quite difficult to convince them to move to a new project. Especially when this new project requires total dedication. It is much easier to continue the concept where
you are already a guru, a scientific leader, and where
you command respect. But here something new has to
be created.
Nonetheless, we were able to gather quality resources in ‘Proryv.’ Now, over one and a half thousand people are working on this project, which involves dozens
of institutes. This is a huge resource base.”
“How do you manage to control it?”
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“We have a special system created for this. Last year,
our managing system won the first prize at the Russian government competition ‘Project Olympus.’ The
system works and is already producing positive results.”
“You said that it’s difficult to pull specialists out
of a team. Perhaps, it would make sense to go with
talented youth?”
“We need clear thinking and knowledge. Let’s see
how long it takes for knowledge to form in science. Five
university years, five postgraduate years, ten doctorate years. 20 years total. Therefore, we must involve
people who are at least 45-50 years old. They are our
‘scientific youth.’ Not in the general sense of the word.
This is the creative youth that committed itself to the
complicated process of scientific search or scientific
and technological activity. In Russian science, there is
a demographic gap, which is a known problem. There
are also gerontocracy problems, which were typical
not only for USSR, they appeared in all times in all
academies and sciences. There are no other examples
in the world. And there is a good reason for that: the
brain works and accumulates experience until the last
days of man’s biological existence. It happens that a
person’s feet cannot carry him, while his brain is still
clear and bright and works not just like a clock but like
a chronometer.”
“But it’s hard to get along without young energy
and maximalism.”
“It is, and that’s why we involve youngsters. While
the average age in Russia’s entire science and technology complex is about 50, in project ‘Proryv’ it is below 45.
Additionally, we created the Closed Fuel Nuclear Cycle Technologies department, which has been functioning at the MEPhI institute for a year now. We also
select bachelors from other best higher education institutions. Last year, we ‘recruited’ 13 people. This
year, we plan to get another 10 to 15 people.”
“The nuclear cycle is an interdisciplinary concept. What specialty do you use to select people for
your department?”
“Last year, we placed emphasis on radiochemists.
This year, we plan to concentrate more on processing
and generation. The department has already shown
good results. I think that in some two to three years,
we will create an interuniversity department and select
people who will become the leaders of ‘Proryv’.”

Liabilities

“Let’s return to the problems that were unsolvable
in the 20th century. Which ones have been solved
and which haven’t?”
“All fundamental problems of the fast-neutron reactors have been solved. The theorem of existence has
been proven, we understand in what spectrum it operates, and the fuel compositions are approximately understood.”
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“So, it’s time to build?”
“And this is where we get problems that haven’t been
fully solved yet. First of all, we’re talking about resource. We need reactors that could function much
longer than 20 or 30 years. Modern light-water reactors’ resource is defined at 50–60 years, and now
they are building reactor shells that could last up to
100 years. But in fast reactors, the requirements to
the materials are totally different. It is hard to say how

Researching the spent nuclear fuel
would today’s materials behave in contact not with water vapor, but with liquid lead over the period of 30 to
50 years. So the issues of technologies remain. We
must gain experience. And whatever has been gained
must be implemented.”
“Why wasn’t it implemented yet?”
“What for? Let’s look from the standpoint of economics and regular business. So far light-water reactors
did not experience any deficit neither in raw material,
nor in storing spent nuclear fuel. These are great machines. They operated for a long time and proved their
reliability.”
“Accidents happen on them.”
“They do. So we investigate, analyze, complicate,
build additional safety mechanisms and barriers. It
would seem why do we need a new platform?”
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“Why do you need skates if you haven’t worn out
your sneakers?”
“Not as dramatically, but close enough. However, the
world has come to a conclusion that differs from the
opinion of most economists and businessmen. Spent
nuclear fuel is not waste, as many believe, but irradiated nuclear fuel, i.e. fuel that must be stored and

“Is it possible?”
“It was proven that it is possible to obtain a balanced
composition — when we take irradiated nuclear fuel
and add to it about 10% of regular uranium-238, thus
forming fresh fuel for a new cycle. By constantly mixing in uranium-238 we provide constant balanced
equivalent use of isotopes that we extracted from
earth and that we buried.”
“But if this cycle is permanent, what is there to
bury?
“There is so-called HLW — high-level waste, for
which there is technology of deep burial in granite
tunnels, etc. But we put into cycle everything that can
produce energy.”

600 Megawatts Ahead

put into secondary use. Plutonium goes into secondary use. It is much more profitable to burn it in the
next 100 years than organize its burial for millions of
years.”
“Is it even possible to bury for a million years?
Archaeologists speak of maximum burial terms of
10 to 20 thousand years, before the material disintegrates.”
“We are required to provide storages that could be
preserved for millions of years — and this only amplifies radiophobia. It means we must switch to radioequivalent storage, when at the output we receive the
same radiation level that we had at the input. So the
balance in nature would not change.”

“If nuclear power engineering wants to survive in the
competition with other energy sources, it must advance to a new level.”
“The new platform will make nuclear energy commercially profitable?”
“And efficient. We finished a series of research, and
now we are clear about how to make a fast-neutron reactor commercially compelling — by using the closed
fuel cycle and radio-equivalent burial, lowering the
amount of spent nuclear fuel, excluding uranium from
the fuel cycle. This will make it economically profitable
even at today’s prices for gaseous hydrocarbons.”
“Would it be appropriate to say that today Russia is the world leader in the field of fast reactors?”
“No need to say it, since it is an unquestionable fact. In the USA, the program has been closed
40 years ago, Japan has nothing of this sort, and
neither does Korea. We could compare ourselves
to France, where the work on fast reactors started at the same time as it did here. They had Phoenix that has already served its term. Superphoenix
was in operation for just a few years, and it wasn’t
able to reach the required parameters. Now they are
building ASTRID, which is essentially a somewhat
upgraded version of our BN-600. But they are only
building, while we are already closing our BN-600,
because it has served its 30-year term. Now we are
preparing BN-800 for launch.”
“That means we are 30 years ahead of France?”
“We must speak of cycles rather than years. We are
600 MW ahead of all other countries, because nobody
else has a 600-megawatt fast reactor.”
“Perhaps, China is trying to catch up?”
“China implemented a very interesting project CEFR.
It is similar to our BOR-60 — a research reactor that
we are planning to put out of operation now. It is loaded up to 80% for maximum time — this is a huge success.”
“In other words, China has built a reactor for researching fast neutrons?”
“No, CEFR does not possess the instrumental base
to conduct research. It is designated to train o
 perating
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personnel to work with sodium loops and sodium coolants. It is a very important task, but insufficient, as we
think.”
“The USA terminated their work in the closed cycle field, alleging the nuclear nonproliferation as
the reason. How did we resolve this problem?”
“Nuclear nonproliferation is primarily nonproliferation of plutonium. The ideology of the ‘Atomic Project 2’
and ‘Proryv’ involves the precision fuel nuclear cycle,
where uranium and plutonium do not get separated.
Furthermore, plutonium quality satisfies the powergenerating needs, but isn’t suitable for making nuclear weapons. We also plan to add americium to the mix,
and this mixture is not good for enriching or creating
nuclear weapons. Thus, the nonproliferation concept
is not violated.”

By the Entire World — For the Entire World

“There are other global projects that are being promoted within the international cooperation concept — LHC, ITER, XFEL, etc. Why don’t we also try
to solve jointly the global problem of moving the
nuclear power industry to such a promising platform?”
“Actually, there are not so many international projects of this type. This is quite a complicated subject.
Fast spectrum technologies are technologies that
provide high radiation resistance of materials. In all
countries, they belong to the double technology category. The possible applications here are space, military, and civil. So in this field, the issue of international cooperation is quite difficult.
The second problem is even more complicated. The
new platform for nuclear power engineering that we
are building has strictly commercial nature. ITER is
not a commercial reactor — it’s a scientific platform for
studying the possibilities of controlled thermonuclear fusion reaction. The same with LHC — it is a noncommercial project directed exclusively at scientific
and, consequently, universal benefit. But technology
of closing the nuclear fuel cycle is a commercial project. And the one who implements commercially profitable projects determines the market development.

We are 600 MW ahead
of all other countries,
because nobody else
has a 600-megawatt
fast reactor
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So the question arises: under the conditions of interaction on different markets, are we competitors or
partners with other countries?”
“Both competitors and partners?”
“Exactly. This is why we share scientific and technological information with the entire world, discuss
the development of technologies of closing the fuel cycle and its various aspects. We also discuss the commercial component. But it would be wrong to say that
the issue has been resolved. We have an international
project, where we, together with the French, are trying
to make a joint fast reactor, uniting our competences. This isn’t an easy task, and we’re working on it for
the third year. But if we succeed, it will open the path
to building cooperation for creating a new form for the
entire mankind.”
“What will it look like?”
“As an example, we can take the situation on the
hydrocarbon market. All oil and gas companies were
certain that they are doing fine, until the ‘shale revolution’ happened. Shale gas reserves were known for
a while, but there was no cheap technology to extract
it. When such technology appeared, the market exploded.
It’s quite possible that a similar situation will occur
with closing the nuclear fuel cycle. There will be technologies that will allow fast commercialization of the
new field and make it a viable alternative to traditional
nuclear power on light-water reactors.”
“Just a soft alternative or a tough competitor?”
“Most likely, it won’t reach the stage of tough competition. Even the ‘shale revolution’ was antagonistic
only to those who tried to monopolize the market. But
it was friendly to those who got integrated in the gas
power supply business. Same with the nuclear power
industry, which was created not to annoy people, but
to help them.”

Interview by Valeriy Chumakov
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General view of the under-construction fourth power unit
of Beloyarsk NPP with the reactor BN-800

Business
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Once you
have reached
a certain level of
development, your
technology no longer
requires heavy
investment, but
starts paying back

e have asked professor Evgeniy Adamov, doctor of technical sciences, Scientific Leader at N.A. Dollezhal Research
and Development Institute of Power Engineering (NIKIET),
and Scientific Leader of the “Proryv” project stream, to tell
us about how the nuclear power industry will evolve and
what approaches are used to address vital challenges in
this area.
“Mr. Adamov, why does the nuclear power industry
need a new platform?”
“By adopting the closed fuel cycle in our nuclear
power industry through fast-neutron reactors, we will
address five major challenges. They include safety and
competitiveness as top priorities, followed by fuel supply, disposal of spent nuclear fuel (SNF) and highly radioactive waste, and non-proliferation of fissile materials and weapon technologies.”
“Do fast reactors offer any advantages over traditional thermal reactors?”
“You wouldn’t expect an immediate payback by
investing in a new technology. But once you have
reached a certain level of development, your technology no longer requires heavy investment, but starts
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paying back. After a while its capacity gets saturated, and at this point you will get but minor effect once
again, however much you invest.
The nuclear power industry has reached this saturation point as far as thermal, and particularly water-cooled water-moderated, reactors are concerned.
They cannot be used to efficiently close the fuel cycle
and thereby solve the fuel supply issue. The most terrible disasters took place at thermal-neutron and watercooled NPPs (in the U.S., U.S.S.R. and Japan), and the
impact they had on the industry’s reputation is unprecedented.
The nuclear power industry needs to become safer while retaining its competitive edge. What we have
been doing for a while is building up safety barriers,
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which means building up the capital component. As
a result, the industry was getting less and less competitive.
Our project aims to gain a competitive edge not only
on the kWh cost, but also on the capital component
with organic fuel generation.”
“As far as I understand, the third and fourth issues include limited reserves of nuclear fuel, and
SNF disposal. What is the fifth issue?”

Gholam Reza Aghazadeh (1998– 2009), he was ready
to join our project. But then Americans intervened.
The first agreement with the U.S. Department of Energy to launch a joint project (with its scope identical
to our ‘Proryv’) addressed a whole bundle of issues:
safety, nuclear non-proliferation, economic competitiveness, and so forth. But then there came a message
from the U.S. Department of State via Ernest Moniz*
(who was then Deputy Secretary of Energy and now

Operations on the high-beam research reactor SM3 at Nuclear Reactor Research Institute
“Non-proliferation of nuclear weapons. All our nuclear power capabilities originally come from the defence industry. The same centrifuges may be used to
enrich U-235 isotope to 4% for a nuclear reactor, and
to 90% for a nuclear charge. That is what G6 was recently asking Iran: ‘Are you guys using your centrifuges to get uranium for nuclear energy or for weapons?’
Besides, spent nuclear fuel can be used to get weapons-grade plutonium. But a fast reactor can use any
fuel, so you don’t have to separate isotopes from uranium, or plutonium, or other minor isotopes. All you
need is remove fission products from SNF and get fissile materials back to the core.
None of the existing technologies fully addresses the
risk of proliferation. But we can promote non-proliferation through technology by going away both from
making weapons-grade uranium and plutonium when
recycling SNF and from enriching uranium (through
isotope separation).”
“No separation, no feedstock for weapons, right?”
“Exactly so, although there still remain other ways
to produce it. We need to abandon the historically used
enrichment technology. We may tell Iran: ‘Gentlemen,
why don’t you build fast-neutron reactors if you really want to prove us that you are not making nuclear
weapons under the disguise of nuclear power?’”
“Why don’t they do it then?”
“They wanted to. When the Atomic Energy Organization of Iran was led by the country’s Vice President,

is the Secretary of Energy of the United States): stop
the Bushehr project. It was absolute nonsense: nobody has ever built nuclear power plants first to make
nuclear weapons later. I talked about this to Al Gore,
and to Bill Clinton during his last visit to Moscow, but
to no avail. As you know, Bushehr has been completed, and reached its full capacity in August 2012. But
we lost a good opportunity for potential cooperation:
we could have tackled SNF issues that are now getting worse in the U.S., and there would be no need for
sanctions against Iran that have been finally, after so
many years, agreed to be removed.”
“Transition from slow to fast-neutron reactors:
what is it, evolution or revolution?”
“It is rather a painful technical process that is unfortunately being procrastinated. For a number of reasons.
I have been at the Beloyarsk Nuclear Power Plant
this June. The plant currently operates a BN-600
reactor and a BN-800 is being prepared for a power
start-up. In general, fast reactors have been developing
in an evolutionary way starting from BR-5 and BR‑10
of the Institute of Physics and Power Engineering, followed by reactors in Shevchenko (currently Aktau),
BN-350, then BN-600, and finally BN-800. Plus the
BOR-60 research reactor in Dimitrovgrad (RIAR, Research Institute of Atomic Reactors). But all of them,
although addressing hands-on issues (heat and electricity generation for BN and reactor tests for BOR),
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were subsidised as they brought no profit. I believe
this is the time to commercialise them. The nuclear
plants that operate these reactors are still economically uncompetitive.”
“Russia, however, is not alone in working on fast
reactors. How are China and France doing in this
area?”
“China has already built a 60 MW fast reactor
based on a technology that they have borrowed from
us. Moreover, they made no scruples to patent what
we were too lazy to patent. The Japanese were quite
busy in this area before Fukushima. India is about to
launch a 500 MW fast-neutron NPP.
As to the French, they have failed to solve their technical issues. Their Phoenix** was more or less efficient, but their 1.2 GW Superphoenix had an installed
capacity utilisation factor (CUF) that did not exceed
10% on average. This is an efficiency ratio of a decent
steam engine. Those physical, technical and management challenges combined together proved to be too
tricky for them.”
“What about us? Have we solved them?”
“BN-600 has been operated at the Beloyarsk Nuclear Power Plant for a score of years, with no failures and
with a high CUF (over 86% in 2014).
I am also quite positive that we will find a comprehensive solution to close the nuclear fuel cycle. The pilot and demonstration facility (PDF) that we have al-

Fast-neutron research reactor BR-10
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ready begun to build at a site of the Siberian Group of
Chemical Enterprises will provide for fuel production,
a lead-cooled fast reactor to use this fuel, and an onsite SNF recycling unit. It will also feature a full onsite
closed nuclear fuel cycle.”
“So, when would all of this be launched?”
“Well, the rates we are working at are clearly far from
what we used to have 70 years ago, at the early stages of our first nuclear project. At that time, the first
reactor was completed over three years, and the nuclear bomb, over four years. Today, the transition to

Rosatom is a major
exporter, including of
nuclear fuel for nuclear
power plants that we
have built. If we push this
business further, then we
will probably find ourselves
short of domestic uranium
a new fuel alone takes up to 30 years. But in this context, ‘Proryv’ looks rather good. Three years after the
launch, we are already testing our ninth fuel assembly at the Beloyarsk NPP. It includes hundreds of fuel
rods. The first assembly, burnt up by more than 6%,
was removed to be used for post-reactor studies in autumn. I am quite positive that we are moving faster
than many other similar projects. We also have higher ROI figures.”
“Are there any fundamental issues that impede
your project or give rise to extra risks?”
“There are no fundamental scientific issues. Practice-wise, we face such issues as bureaucracy coming
from a number of poorly developed structures that
are entitled to make decisions, but have no idea of
what it is all about. This is a problem for the nuclear
industry, but also for many other Russian industries.
It was a good idea to impose competitive bidding
procedures for contracts to be awarded: it was meant
to root out corruption and push procurement prices down. But when you know for sure that only two or
three contractors, or even one contractor, can do the
job properly, why bother with bidding procedures? I
was once visiting Westinghouse Electric Company
when they were demonstrating their control systems
for upgraded nuclear power plants in Pittsburgh, and I
asked them about bidding. They were surprised to hear
that. They told me that they had had a single supplier
for twenty years and needed no bidding procedures.”
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“What individual principles are embedded into
‘Proryv’?”
“People. Apart from builders, the project employs
close to 1.5 thousand people in total. As in any business, dozens of them play key roles in our operations.
They are cherry-picked against extremely strict eligibility criteria and with an understanding of the importance of challenges we are facing. If the guy sees that
his task is a challenge for our time, for nature, or for
mankind, if he is passionate about his job, than he is
one of ours. If no, then he is free to go somewhere else.

one year. The PUREX process and water solutions cannot be used for this. But science has long known other,
in particular pyrochemical, technologies that involve
salts and electrochemical reactions. Thus, we have in
place the general theoretical solution, but we still have
to tackle a number of finer technological issues. But
they are all solvable.
In the pilot facility, processes are arranged back-toback: we are expecting to use pyrochemistry for principal neutralisation and the hydrometallurgical technology (i.e. PUREX) to finish the job.”

By the end of the century, about 50% of electricity in Russia could be produced by nuclear power plants
For this very reason, Sergei Kirienko, Rosatom’s leader, has decided to set high motivation requirements for
key positions on the project, while salary-wise, our key
employees are on equal footing with, say, bank or Gazprom staff.”
“What technological issues need to be tackled to make sure that you are following the right
path?”
“We have a roadmap to handle all issues. It was
drafted back in 2012 and has been recently updated.
Some tasks are solved faster than expected, and some,
unfortunately, slower.
Here is the most typical example. We have this
PUREX process [regeneration of uranium and plutonium through extraction, a process to recycle irradiated nuclear fuel. — editor’s note] that involves water
solutions. Water decomposes when exposed to radiation. This is called radiolysis. Therefore, before being
recycled to close the cycle, SNF needs to be stored for
quite a while. If the cycle is to be closed in 10, 15, or
20 years, then we will need more fissile materials to
be neutralised for storage and more spacious fuel storage facilities. This will increase costs by several times.
We have set the goal to extend the external fuel cycle to

“What will the closing of the fuel cycle give us
from the economic standpoint? Will it reduce
our uranium mining or storage capacity requirements?”
“Want to scare the prospectors? Go ahead. As far as
I know, Russia currently has about 600 kt of proven
uranium reserves. Our nuclear industry accounts for
slightly short of 18% in terms of power generation, although the share of its installed capacity among other generation capacities is 11%. If we increase its input fivefold, then we can live off these reserves until
the end of the century. So, then we will need no exploration, and will not need to buy anything. For we will
be able to regenerate our fuel. The cycle will be closed.
And prospectors will be out of business.
But Rosatom is also a major exporter, including of nuclear fuel for nuclear power plants that we have built.
If we push this business further, then we will probably
find ourselves short of domestic uranium. In this case,
we will either have to take advantage of Rosatom’s foreign uranium assets, or include new terms in our contracts: we come to your country to build a nuclear power plant, and you buy uranium in the global market.
There can be a variety of approaches.”
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“To wrap it all up, let’s get a bit visionary. There
was a time when we almost completely abandoned
wood heating for coal. Then we swapped coal for oil
and gas, while nuclear, and perhaps thermonuclear,
energy is on its way. When will nuclear energy account for at least 70% or 80% instead of 18% that
we have today?”
“First of all, this depends on when we find technical solutions to the five challenges I told you
about before. We might need weapons at any cost,
but it’s not the case for nuclear energy. At this point
in time, nuclear energy has come near the limit of
its competitiveness, and many people are unsure
about its safety. To support a large-scale nuclear industry, we need to tackle a number of vital issues.
The sorest point here is emergencies that result in
evacuations and simply scare people. Another vital issue is waste disposal. Once these issues are
dealt with, we will be able to put in place what Mendeleyev was dreaming about: stop ‘burning money’,
that is, wasting oil and gas, our priceless chemical
feedstock, as fuel.
The rest will depend on practical needs. I am of the
view that as soon as in the early 2030s we will get
quite able to start consistently adapting closed fuel cycle fast-neutron reactors across the nuclear power industry in addition to existing generation facilities. Existing VVER units and those newly commissioned before 2030 will get us through almost to the end of the
century. Our analysts estimate that by the end of the
century about 50% of electricity in Russia will be generated by nuclear power plants. Huge amounts of gas
and oil will be released for non-energy use or for exports.
We are currently competing against China. The Chinese are going to commission about 30 GW and start
building another 36 GW of capacities by 2020. These
rates are amazing. We currently have about 25 GW in
operation. Our energy development strategy provides
for raising our capacity to about 35 GW by 2030 and
to 50 GW by 2050, and fast reactor plants can make a
real difference here.
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As to thermonuclear energy, things here will also depend on economics. Thermonuclear fusion comparing
to nuclear fission energy is like a scalpel against an
axe. We are dealing with an axe, and thermonuclear
energy is a scalpel, an extremely finer technology.”
“But we still need the axe.”
“Sure. A scalpel is no good if you want to chop
wood.”

Interview by Valery Chumakov

To support a large-scale
nuclear industry, we need
to tackle a number of vital
issues. The sorest point
here is emergencies that
result in evacuations and
simply scare people
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* Ernest Moniz is a U.S. nuclear physicist and the U.S. Secretary of
Energy (Deputy Secretary at the time)
** Phoenix was a fast breeder reactor based in the nuclear centre of
Marcoule, launched in 1973 and shut down in 2020. Superphoenix was
built at the same location and was operated from 1985 to 1998.
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he closed fuel cycle can provide humanity with energy for many hundred
years. Nevertheless, scientists are already working on the next generation
power platforms. We have asked Evgeniy Velikhov, member of the Russian Academy of Sciences and President of NRC Kurchatov Institute, to tell
us about how nuclear and thermonuclear power engineering will combine
in the future.
“Mr Velikhov, what are the current outlooks of fundamental research on controlled thermonuclear fusion?”
“You see, this issue has gone beyond fundamental
research. Both Russia and the European Union have
already included it in their respective electric utility
development programmes. But it is clear that there
are still too many obstacles on the way towards such
a combined thermonuclear power industry. They include both academic, purely scientific challenges that
require understanding the nature of many phenomena that are not even directly related to power engineering. For instance, plasma that is used in thermonuclear fusion plants is the principal state of matter
in the Universe. The Sun, stars, interstellar space are
all plasma.”
“When did the first idea appear to use controlled
thermonuclear fusion reactions in power engineering?”
“It all started back before the war with the work of
Georgiy Gamov, Corresponding Member of the Soviet
Academy of Sciences. He was actually studying thermonuclear fusion reactions as the key source of stellar
energy. This obviously led to an idea to use the same

v mire nauki: special issue 2015  | w w w.sci-ru.org 

processes on Earth. Already after the war, in 1952,
Igor Kurchatov and Igor Golovin sent Stalin an article
or a memo. It said that all energy that we receive from
the Sun is accumulated on Earth mainly in three elements: uranium-238, thorium and deuterium (while
coal, gas, oil and other fuel account for mere 2% of the
accumulated energy). But these elements could not
be used directly, since they, roughly speaking, do not
burn. That means that they need to be processed. The
first two (uranium-238 and thorium) are dealt with by
traditional nuclear power engineers, and deuterium
and other hydrogen isotopes, by thermonuclear power engineers. Although when it all started, the main
focus was certainly on synthesising plutonium for an
atomic bomb, rather than on power generation. But on
28 August 1949, the Soviet Union successfully tested
its atomic bomb, and scientists came back to the ideas
related to nuclear power generation. It was Kurchatov
Institute (then the Laboratory of Measurement Devices
of the Soviet Academy of Sciences (LIPAN)) that started developing thermonuclear fusion solutions for power generation, while Igor Tamm and Andrei Sakharov
came up with the layout of a tokamak, a thermonuclear fusion plant.”
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View of the ITER construction zone in Cadarache (April 2015)
“Kurchatov, Tamm, Sakharov, great scientists …”
“Yes, outstanding scientists. However, the first idea
of a plant was quite unusual: it was described in a letter sent to Stalin by a very smart seaman from Sakhalin. His letter, though, contained serious errors. Especially with respect to plasma confinement within the
plant.”
“Could you please tell us in more detail about this
aspect and the overall design of a tokamak?”
“The thing is that when you work with, say, plutonium or uranium, you do not need extremely high temperatures. They split in a fission reaction, which releases energy. But when you deal with deuterium, you
need temperatures of about 108 (100 million) Celsius
degrees: only in such conditions atoms that normally
repulse each other can get as near as to produce a fusion reaction that will release energy. For this reason
tokamaks use high-temperature plasma that needs to
be kept as far away from the walls as possible. Otherwise, one touch and plasma will get contaminated
with various atoms, cool down and eventually disappear. Tamm and Sakharov suggested using magnetic confinement to solve this problem: a strong magnetic field is generated in the tokamak that keeps plasma
suspended, it kind of flies in the middle of the reactor and far from the walls. Since then scientists have
come up with other types of traps, but tokamak remains the predominant solution generally accepted by
the global scientific community.”
“As far as I know the biggest tokamak is currently
being built as part of ITER.”
“Yes. Many tokamaks have been built since then.
There are perhaps about one hundred of them around
the world. In 1975, the Soviet Union was the first to
produce a strong thermonuclear reaction sufficient

for power generation. We also demonstrated that a
tokamak could achieve temperatures of almost tens of
millions degrees. Bit by bit, Kurchatov Institute convinced the global scientific community and the country’s government that we were following the right way
and that controlled thermonuclear fusion is feasible and extremely needed. As a result, a decision was
taken during a meeting of Gorbachev and Reagan in
1985 to set up a global cooperation framework. It currently comprises seven partners: Russia, the European Union, the United States, China, South Korea, Japan and India. Together we are building a plant that
could be viewed as a technological platform. This is a
very important step. That is, it is not a prototype of a
thermonuclear fusion reactor yet, but a platform that
can be used to test all principal challenges in terms
of physics and technology. The plant is known as the
International Thermonuclear Experimental Reactor (ITER). It is being built in Cadarache (Provence,
France). All equipment supply agreements have already been signed and ITER should be completed by
2020 or 2025 at the outside.”
“How does it look like?”
“It occupies a large room, roughly 100 m by 100 m
by 100 m where the tokamak is installed. It is a very
sophisticated engineering facility: the temperature
in the middle of its core reaches 15 х 108 (150 million)
Celsius degrees, while the surrounding superconducting coils that generate the magnetic confinement field
are operating at a temperature of just 4° K (-269.15° С).
The tokamak also contains an area that absorbs neutrons (produced by thermonuclear fusion) where cooling and heat exchange take place.”
“How great is the contribution of our researchers
and experts to the development of this facility?”
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“The facility is currently under construction, and
I have already mentioned the immense fundamental
i nput by our scientists: Sakharov, Tamm, Mikhail Leontovich, and Lev Artsimovich. Our researchers still
have leading positions in the project. For example,
Oleg Filatov, Director of Yefremov Research Institute
and employee at Rosatom, currently leads the Science
and Technology Advisory Committee of the project.
We are involved in all relevant activities. For instance,
Russia has designed a special superconductor, triniobium-tin or triniobium stannide (Nb3Sn), which retains its properties even in extremely strong magnetic fields.”
“What will be next? How will thermonuclear power engineering evolve if ITER proves successful?”
“As I have already mentioned, ITER is a technology
platform. It is used to test in-principle solutions and
some research problems (other problems can be solved
using other plants or, say, through mathematic modelling on supercomputers). It is important to understand
that we have in place an intergovernmental agreement
under which each party, except for the E.U., agrees to
make an equal contribution to the project. Since the
facility is being built in Europe, the E.U. has to pay
more: for example, they cover the costs of all construction work. So, each party makes an equal contribution and gets an equal return: the rights to all accumulated intellectual property of the project. That is,
we invest, say, 10%, but we are paid back 100%. Each
party then decides at its own discretion how it will use
these results.”
“Does that mean that each party to ITER can
then choose its own path to follow?”
“Yes. We will get 500 MW of thermonuclear capacity
and other declared technical parameters, and then we
can develop our own projects based on resulting physical solutions and technologies. All the more so that our
vision of the industry considerably differs from the international vision. Western countries and Japan have
a certain tradition of taking advantage of competition
to the maximum. That is, nuclear power engineers and
thermonuclear fusion engineers are constantly competing against each other. Thermonuclear engineers
say that nuclear energy is dirty and dangerous, while
nuclear engineers say that thermonuclear fusion does
not exist and it is unknown whether we will ever master
it. In Russia, both of these areas of research originated
in Kurchatov Institute, and we assumed from the very
outset that thermonuclear fusion would be used to produce weapons-grade plutonium. We abandoned these
ideas later, but the point remains the same: we have
been developing a hybrid system from the very beginning, in which neutrons resulting from thermonuclear
fusion were to be used to produce nuclear fuel. They are
ten times cheaper in terms of energy then particles produced by fission. This is very cost-efficient.”
“OK. Thermonuclear and nuclear power industries
can work together. But what about other types of
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EvgenIy Pavlovich Velikhov
RAS academician, member of the European Academy of Sciences, President of NRC Kurchatov Institute.
Since 1998, Chairman of the Board of ITER.
In 2010–2012, Chairman of the Council of ITER.
Since 2001, Presidium Member of the President
Council of the Russian Federation in Science and Education.
Winner of multiple national and foreign awards;
honored professor of European and American universities.
 nergy? Renewable energy sources? Will these teche
nologies still be competing against each other?”
“I am confident that nuclear power engineering is
the only possible way to support large-scale global
economic growth. As to nuclear power engineering, I
see the hybrid option as the optimal way to follow. We
also need to factor in other nuances. The thing is that
nuclear power engineering has already matured as an
industry: the service life of nuclear reactors is getting
close to one hundred years. We are already designing and building such reactors, and our plans should
envisage sources to supply them with fuel for these
100 years. The hybrid approach can make a difference
here. Moreover, it is safer: the risk of major accidents of
Chernobyl or Fukushima type is much lower. I will not
go into details, but the use of special cooling system is
the key driver in this case.”
“When can we expect hybrid thermonuclear
plants to come about?”
“It is hard to forecast this. For example, ITER is
postponing its completion timelines. The ITER Organisation is now led by a new director general, Bernard Bigot, who previously presided over the French
Alternative Energies and Atomic Energy Commission.
We will hold a meeting in Cadarache in November. At
the meeting he will provide us with a full and realistic timetable from now to the delivery of declared thermonuclear capacity by ITER. At one time we were expecting to complete the project before 2016 or 2017,
but this deadline has been postponed to 2025. But by
the time ITER, i.e. the technology platform that will be
used to solve and test all design issues, is launched,
we should already have in place the first working prototype, and then we will actually be able to start designing a power plant. Thus, we expect that the first
version of a hybrid nuclear reactor will come about as
soon as in the first half of this century.”

Interview by Mikhail Petrov
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“Today’s radioecologists
focus on moving forward
in solving the issue of
radioactive waste and
working out common
international standards of
radiation safety for people
and environment.”
Director of the All-Russia Research
Institute of Agricultural Radiology and
Agroecology, doctor of biological sciences,
member of the Russian Academy of Sciences

Rudolf Mikhailovich
Aleksakhin

e have asked professor Rudolf Aleksakhin, doctor of biological sciences, Honoured Scientist of the Russian Federation, member of the Russian Academy of Sciences and expert of UNSCEAR, to tell us about the history of radiation
ecology and the tasks that radioecologists face today.
“Mr Aleksakhin, in his book Thirty-Six Years at
the Atomic, UK nuclear scientist John Sandells refers to you and English agricultural radioecologist
Scott Russell as godfathers of radioecology. As its
godfather, could you please give me a definition of
this science that you have been engaged in for almost 60 years?”
“Radiation ecology is a branch of natural science
that studies impact of ionising radiation on living organisms (including human beings), their communities
and populations, i.e. on biota (environment) at large.
I would point out that radioecology studies both impact by natural radionuclides and how living organisms exist in the context of radioactive contamination,
that is, when manmade (artificial) radionuclides are
released into the environment.
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Practice-wise, radioecology is intended to promote
safe use of nuclear energy in terms of radiation in all
sectors of our economic activities.”
“When did radioecology emerge, who are its
founders and what milestones in its evolution
would you name?”
“Radioecology emerged as a science fifty years before
the term itself — radioecology — was coined. In 1896,
Henri Becquerel discovered the natural radioactivity
of uranium salts. Two years later Pierre Curie and Marie Sklodowska-Curie discovered that thorium is radioactive, and Ernest Rutherford ran a detailed experimental study of ‘radioactive rays’ to show that radiation consists of three types of rays that were dubbed
-, - and -rays, respectively, and discovered the nuclear nature of radiation by 1911.
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Back then there was already an understanding that
background radiation is an important environmental
component, which prompted the study of the impact
of ionising radiation on living organisms. Thus, radioecology emerged at a time with such branches of science as radiochemistry, radiobiology, and radiogeology, and immediately joined the list of sciences related to the nuclear industry and to nuclear and atomic
physics.
Vladimir Vernadsky, our great compatriot and academician, played a key role in the early development of
radioecology. Back in the 1920s he forecast: ‘Humanity is getting a mighty power, the power of atom. Future
will show whether this power will be used for peace or
for war.’
At first, radioecologists were studying the distribution of heavy natural radionuclides in the biosphere,
their migration and concentration in plants and animals, while trying to understand the role of natural
radioactivity in life processes and the overall evolution of life.
For instance, Vernadsky, whom we have just mentioned, described the patterns of how radium was accumulated in freshwater plants, while Igor Kurchatov,
the father of the Soviet atomic bomb, was studying radioactivity of snow and rain.
The second stage of radioecology’s history began in
the mid-1950s. Atomic bombings of Hiroshima and
Nagasaki in 1945 and then worldwide radioactive fallout after intensive atomic tests resulted in a hike in
background radiation across the globe.
It was at that time that the term radioecology came
into being. The term was suggested by Soviet and U.S.
scientists, independently of each other. From the Soviet side, it was Aleksandr Kuzin, the organiser and
first director of the Institute of Biophysics of the Soviet Academy of Sciences, a founder of the Pugwash
movement and a Corresponding Member of the Soviet
Academy of Sciences; A. A. Peredelsky, Doctor of Biological Sciences; and Vsevolod Klechkovsky, my teacher, Member of the All-Union Academy of Agricultural
Sciences of the Soviet Union (VASKhNIL) and a participant of the Soviet atomic project. From the American side, it was Eugene Odum, the author of the classic book Ecology. They all showed that that artificial
radioactivity introduced by man into nature is a new
powerful environmental factor.
It was an exceptional period in the history of radioecology back then, in the 1950–1960s. After the first
radioactive fallout from nuclear tests, scientists from
across the world were engaged to study their global
dissemination. During that period, researchers ran
extensive migration studies of radiologically significant artificial radionuclides in various natural environments and measured their biogeocenotic impact. In
particular, Klechkovsky studied how radioactive products resulting from fission of heavy nuclei (isotopes of
strontium, yttrium, caesium, and zirconium) behave

in soils and how they get into plants. Then there came
the 1960s when radioecologists focused on safe use of
nuclear energy. They needed to design ways to restrict
potential harmful impact by radiation associated with
the use of ionising radiation sources in industry, medicine and science, as well as with nuclear power plant
emissions and with radioactive waste. Finally, the disaster at the Chernobyl Nuclear Power Plant in 1986
marked the beginning of a new stage in the history of
radioecology, while the accident at Fukushima-1 gave
a new impetus to the research in this area.”
“What major scientific challenges are faced today
by radioecology?”
“The key challenge of radioecology and relevant radiation technologies is to minimise the amount of radioactive substances that are released into environment
and involved in biological migration chains that eventually lead to people, as well as to lower their chemical
mobility and biological availability. We must learn how
to manage radioactive waste and spent nuclear fuel.”
“Can nuclear power engineering be totally nonwaste?”
“The dialectical laws of development of the human
society and industrial evolution unambiguously demonstrate that these processes will always be associated with some waste. The question is how much of
this waste is produced and how it could be technically
transformed into useful ingredients. This is also true
for nuclear power engineering where radioactive waste
is unavoidable. We simply need to take measures to
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cut it down, transform it into biologically inert forms,
adjust its radionuclide structure aiming to reduce the
share of the most radiologically harmful elements,
and learn how to bury it in a reliable way, i. e. properly manage waste from the environmental standpoint.
Radioecology offers solutions and has specific achievements in this area.”
“Radiation knows no national boundaries. Radioecological issues cannot be solved by one country alone. Is there an international structure of organisations that are engaged in building the legal
framework and promoting radiation safety standards globally and in Russia?”
“Fortunately, after the world realised the danger of
a nuclear war and the nuclear arms race, we set up
such organisations as the International Atomic Energy Agency (IAEA), the International Commission on
Radiological Protection (ICRP), and the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR). Moreover, radioecologists have
their own professional organisation, the International
Union of Radioecology (IUR).”
“How responsibilities are distributed among the
organisations that you have listed?”
“The goals and objectives of all the above international organisations consist in ensuring radiological
safety of all nuclear energy applications in human activities for public health (this primarily applies to nuclear power engineering and all full nuclear fuel cycle
entities).
Within the framework of the United Nations’ agencies, IAEA summarises the global experience in radiation protection of nuclear power plant staff and the
public, and develops guidelines on the operational
safety of nuclear power plants and other nuclear fuel
cycle entities. Another important task of IAEA is to

promote peaceful application of atomic energy in all of
its forms while preventing the use of nuclear materials and technologies for military purposes. The mandate of another UN agency, UNSCEAR, provides for
analysis of the global radiological situation: the Committee assesses radiation doses for various groups of
population and the contents of radionuclides in human organisms and environment across the planet.
The Committee also collects and reviews information

The key challenge of
radioecology and relevant
radiation technologies is
to minimise the amount
of radioactive substances
that are released into
environment and involved in
biological migration chains
on the latest scientific achievements in the study of
the impact by ionising radiation and relevant means of
protection, and evaluates the level of knowledge on the
most pressing issues in radiology, radioecology, radiation hygiene and medicine. UNSCEAR’s reports and its
global encyclopaedic summaries on various radiation
protection issues are indispensible references for every
nuclear industry professional.

Frontal self-quenching counters of -radiation (T-BFL)
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ICRP brings together prominent radiation safety researchers from across a number of countries and focuses on developing policies and systems for radiation
protection of the public and environment.
Finally, IUR, set up in 1978 and being the youngest
agency within this international framework, brings together global radioecology professionals and aims to
coordinate the efforts on protection of the environment
against the impact of ionising radiation.”
“What role does Rosatom play within this framework?”
“Rosatom and its entities and institutions are fully involved in the work of the above organisations. At
UNSCEAR’s sessions, Russia has the largest representation among all 27 member countries. The principal

commission of ICRP and five of its committees include
leading scientists from Russia, while representatives
of Russia also sit on the Executive Committee of IUR.
Russian experts are also involved in multiple events
run under the auspices of IAEA.”
“What is Rosatom’s role in promoting radioecological research in Russia?”
“Radiation protection of the environment has always
been a priority for the governing bodies of the Russian
atomic industry (which have been known under different names over the 70 years of its existence, from
the Ministry of Medium Machine-Building Industry in
the Soviet Union to State Atomic Energy Corporation
ROSATOM in modern Russia),.
In 1963, Yefim Slavsky, the Minister of the Ministry
of Medium Machine-Building
Industry of the Soviet Union
initiated the setup of a radioecological section within the Scientific and Technical Council of the Ministry,
known within the industry
as Section No. 8 and led by
V.M. Klechkovsky, Member of VASKhNIL Academy.
The Ministry of Medium Machine-Building Industry (currently Rosatom) was actually
the principal organiser and
supervisor of radioecological
studies in the country.”
“What relations does your
Institute maintain with Rosatom?”
“We are actively cooperating
with Rosatom’s entities and
have in place contractual obligations, but we do not make
a part of the corporation. We
are a part of the framework of
the Russian Academy of Sciences. Rosatom highly values
and actively uses our independent academic status by
involving us as experts.
In practice, this may look
this way: we may sign a contract to provide radiation
monitoring, and our experts
will visit nuclear power engineering facilities (chiefly nuclear power plants). We have
drafted recommended practices for radiation monitoring approved by governmental supervisory authorities.
We have a professional team
The desk of academician V.M. Klechkovskiy, who contributed a lot to radioecology
of radioecologists, special
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Performing experiments in the greenhouse
 ehicles and a logistic platform to support radiologiv
cal and physical / chemical analysis of environment.
The results of field and laboratory studies are used
to draft reports for Rosatom, the Russian Federal Service for Hydrometeorology and Environmental Monitoring (Rosgidromet), the Russian Academy of Sciences, and various governmental agencies responsible
for building and operating nuclear fuel facilities. This
also applies to the production of uranium and storage
of radioactive waste, actual power plants, and the full
nuclear fuel cycle from production to processing and
storage of waste.”
“The scientific community has been discussing
radiation safety standards for many years. What is
your view of existing safety standards? Do we need
stricter requirements?”
“For many years, various branches of radiology were
driven by the motto ‘it is better to overestimate the
danger than underestimate it.’ This philosophy stems
back from the 1950–1960s when there was a threat of
a nuclear war and people thought that ionising radiation is the biggest environmental danger. We were acting from this erroneous assumption for more than half
a century. Yes, radioecologists agree that ionising radiation is undoubtedly a dangerous environmentally
negative factor that has a powerful biological impact.
Everything depends on the radiation dose (in case of
ionising radiation, on the radiation dose absorbed by
the living organism). It is obvious that natural radiation has always been and will be present in nature.
This is an unavoidable factor that has been accompanying the evolution of every living thing on our planet:
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flora, fauna and, of course, human beings. There are
some fluctuations in the level of natural background
radiation, and at some places they can reach up to
20%. We already understand that this is not dangerous and that people easily adapt to such fluctuations.
Requirements that limit impact of ionising radiations
on human beings (and lately on biota) are still driven
by an assumption that radiation is the worst environmental factor. As a result, radiation requirements are
stricter than, say, requirements to chemical toxicants.
As long as we keep thinking that radiation is the most
dangerous and the most treacherous thing, people will
be afraid of radiation. Radioecologists need to collect
as much experimental data as possible, study and review it and then evaluate the actual level of radiation

As long as we
keep thinking that
radiation is the most
dangerous and the most
treacherous thing,
people will be afraid
of radiation
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risk. Only once this is done, we may take a scientifically informed decision on whether radiation requirements should get stricter or milder.
We need to explain people what natural background
radiation is about, and how necessary and harmless it
is. Only then will they understand how to treat manmade sources of ionising radiation.”
“People mainly thought before that if radiation
standards ‘protect men, than they also protect biota.’ Is this opinion consistent with up-to-date research data?”
“To some extent, modern radioecologists are not
happy with that assumption any longer. We also need
to adjust the wording of the assumption that if men
are healthy, then environment (biota) will also be
healthy. Current doctrines of radiation safety require
direct evidence that radiation doses received by living organisms in a specific situation do not result in
pathological changes. Thus, the anthropocentric paradigm of radiation protection that existed in the second half of the 20th century and focused on protecting human health has been evolving into an eco-centric paradigm that requires both humans and biota to
be equally protected.
I would, however, highlight that the above does not
fully rule out the assumption that ‘if men are protected, than environment is protected, too.’ This

 ssumption has allowed successful development of
a
nuclear power engineering for more than 60 years.
Our current priorities include studying the impact
of radiation on humans and biota to build a relevant
legal framework for both. We already know how to determine admissible radiation limits for humans and
we are starting to work out similar standards for biota, although these things have yet to be harmonised.”
“How soon in your view will we harmonise the admissible radiation impact limits on people and biota?”
“I believe that this issue will be solved within the
next ten years. People will finally understand that
both biota and people ‘live on the same tree’ and that
we need to limit admissible impact for both of them
at a time. Speaking aphoristically, man will only be
healthy in a healthy environment.”
“How have radiation accidents at nuclear facilities influenced the understanding of safety by radioecologists?”
“The first major radiation accident took place at
Mayak plutonium production site. It was the Kyshtym
disaster of 1957. There was a release of a large
amount of artificial medium- and long-lived radionuclides into the environment, which formed the East
Urals radioactive trail. We knew very little about it at
the time.

Inside the greenhouse of the Scientific and Research Institute of Radiology and Agroecology
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Laboratory of radioecology and agroecological monitoring
The Windscale accident occurred a bit later in the
UK. There was a fire that took place at a weaponsgrade plutonium breeding reactor in a nuclear facility
in Sellafield. The situation was quite similar to what
happened in Kyshtym.
Then came Chernobyl in 1986. By that time we had
already built up an impressive body of knowledge on
radioecology. I am absolutely positive that if we had
not had information from Kyshtym, it would have been
much harder for us to put in place a system of protective measures to remediate contaminated lands.
If we go further to the accident of 2011, the Japanese were very keen to learn about our Chernobyl experience, and they were actively using it. For example, they translated our book on accident response into
Japanese and implemented it in the accident area at
Fukushima-1.
Moreover, there was an entire Chernobyl-related period when many Europeans, Japanese and Americans
came to us to learn from our Chernobyl experience,
while we, accordingly, had applied our Kyshtym experience to Chernobyl before.
The accumulated experience provides us with a
deeper understanding of the significance of nuclear
accidents and their implications. We believe that we
must make everything to completely rule out the risk
of such accidents.”
“Everybody knows that radiological accidents and
anti-nuclear propaganda instilled the fear of nuclear
technologies in many people. What are the outlooks
of nuclear power engineering in this context?”
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“Indeed, Chernobyl and Fukushima accidents have
somewhat slowed down the development of nuclear
power engineering. But while Chernobyl gave rise to
a real Chernobyl syndrome, the world took Fukushima much more calmly, for people already knew what
it all was about and were ready to manage the consequences.
We may say that by now we have been able to overcome the psychological implications of the Chernobyl accident that resulted in many people associating
nuclear power plants and nuclear power engineering with the negative impact on humans and environment. Still, we need to promote optimistic perception

While Chernobyl gave
rise to a real Chernobyl
syndrome, the world took
Fukushima much more
calmly, for people already
knew what it all was about
and were ready to manage
the consequences
61

of the nuclear power industry and radiation technologies by offering convincing scientific rationale of radioecological safety.”
“What is your view of ‘Proryv’, Rosatom’s project,
from the environmental standpoint?”
“Enrico Fermi, who launched the first military nuclear reactor back in 1942, said that we would not get
far with thermal-neutron reactors. Unfortunately, today’s thermal-neutron reactors are inevitably associated with large amounts of radioactive waste. For
this reason, the ‘Proryv’ project will be a real breakthrough as, among other things, it focuses on clos-

Barcelona has recently
hosted a major conference
on radioecology
and environmental
radioactivity. Every
seventh report was from
Russia, although more
than 40 countries took
part in the event
ing the nuclear fuel cycle. For fast-neutron reactors
will be able to use not only uranium-235, which accounts only for 0.7% of natural uranium, but also
uranium-238, which accounts for 99.3%. The closed
nuclear fuel cycle will allow burning up the most biologically hazardous components of waste and keeping more ‘biosphere friendly’ radionuclide compounds.
Therefore, I see much potential in the ‘Proryv’ project
as an ecologist.”
“What place do Russian scientists occupy in the
global radioecology today?”
“There was time, in the 1950s–1970s, when the
world had two major and competing schools of radioecology: the Soviet and the American. We were jealously following who had done what. Americans published
English translations of Russian books on radioecology, and we translated and published American books.
Barcelona has recently hosted a major conference
on Radioecology and Environmental Radioactivity. Every seventh report was from Russia, although
more than 40 countries took part in the event. Japan
is currently witnessing a radioecology boom resulting from the accident-related activities, but there were
still fewer Japanese present at the conference than
Russians. Therefore, Russia still retains a prominent
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place in radioecology, chiefly as a result of the fact
that we do develop our nuclear power industry, and
nuclear energy generation will be successful only
when we understand that it is environmentally consistent and safe.
To maintain a leading role in modern radioecology, Russia needs a stronger focus on studying radionuclide migration in the environment and the impact of ionising radiation at the level of eco-systems,
while building up investment by Rosatom, the Russian
Academy of Sciences, Rosgidromet, the Russian Federal Medical-Biological Agency and other relevant agencies in relevant initiatives.”
“What is the major achievement by radioecologists for the humanity?”
“This is a very important and responsible question. I guess there are two such achievements. First,
when there were intensive nuclear tests and the global background radiation grew almost by 10% at their
peak due to fallout, we managed to prove that we
should prevent further uncontrollable increase in
background radiation driven by manmade factors. At
that time radioecologists from across the world joined
their efforts to prevent this dangerous scenario from
happening. Actually, the Partial Test Ban Treaty
banning nuclear weapon tests in the atmosphere, in
outer space and under water was signed in Moscow
in 1963 and is known as the Treaty of Moscow. The
Treaty led to important steps toward a comprehensive ban of nuclear test and non-proliferation of nuclear weapons.
Second, radioecologists, together with other nuclear industry experts, have been able to prove the environmental consistency and radiation safety of nuclear power generation, one of the major sources of power
generation. The sixty-year history of the nuclear power
industry provides convincing proof of this. There is no
doubt that full credit should be given to radioecology
for the understanding of the important role that natural background radiation plays on Earth.”
“What is the key global challenge of today’s radioecology?”
“I would reiterate this in conclusion: at this point,
key challenges of radioecology consist in getting a
deeper understanding of radiation safety of nuclear
power generation as the major power generation type
for the environment, addressing radioactive waste
management issues and improving the use of eco-centric principles in radiation protection of people and environment.”

Interview by Aleksandr Titkov
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Personality
Rudolf Mikhailovich Aleksakhin
Doctor of biological sciences, professor, Honoured Scientist of the Russian Federation, member of the Russian
Academy of Sciences.
Expert of UNSCEAR (United Nations Scientific Committee on the Effects of Atomic Radiation); Vice President and
Member of the Executive Committee of the International Union of Radioecology; Member of the British Society
of Radiologists.
Member of the emergency response teams during the
Kyshtym accident at South Urals (1957) and the Chernobyl accident (1986).
Rudolf Aleksakhin completed a range of radioecological
studies on migration of radionuclides within the ‘soil —
agricultural plants — animals’ chain at the location of the
East Urals radioactive trail. He also took part in forest radioecological studies, which were conducted at the same
location and which set the stage for the emergence of this
branch of science. Aleksakhin co-authored the first guidelines on agricultural and forest management in a radiation
contaminated environment.
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Since the first days of the Chernobyl accident in 1986,
he was involved in emergency response activities aimed
to remediate local agricultural lands.
Since 1989, he has been the Director of the All-Russia
Research Institute of Agricultural Radiology and Agroecology (VNIISKhRAE) and provided scientific supervision for
a large number of radioecological studies in the Chernobyl accident area.
Rudolf Aleksakhin (as a member of the relevant team)
was given the State Award of the U.S.S.R. (1974) for his
work in the emergency response team during the Kyshtym
accident and the State Science Award of the Russian Federation (2002) for his work in the area of the Chernobyl accident as the team leader.
Rudolf Aleksakhin is actively involved in the management of radioecological issues in the nuclear power industry and says that the progress in nuclear energy generation is driven by successes in radiation safety.
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200 THOUSAND
KILOWATTS UNDER THE SEA

There was a time when the Soviet Union
achieved nuclear parity by solving three issues:
creating nuclear weapons, land-based missiles
and nuclear submarines as means of covert
delivery of nuclear weapons to the territory of
the potential enemy
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Doctor of technical sciences,
professor G.I. Toshinskiy

Doctor of technical sciences, professor E.P. Klochkov

Personality
Georgiy Ilyich ToshinskIy

EvgenIy Petrovich Klochkov

Russian physicist, doctor of technical sciences, professor, Advisor to IPPE’s CEO. Honoured Scientist
and Engineer of the Russian Federation.

Doctor of technical sciences, professor, Chief Researcher at
RIAR. Honoured Scientist of the Russian Federation, Honoured Inventor of the Russian Federation.

Holder of Orders of the Red Banner of Labour and
The Badge of Honour, a 300th Anniversary of the Russian Navy medal, and a 1st Class Academy Member
I. V. Kurchatov lapel badge.
Winner of the Obninsk Man of the Year award in the
Science category (2001 and 2007).
Author of manuals and scientific articles.
Co-author of the lead-bismuth cooled reactor for
the nuclear submarine that has been entered into the
Guinness Book of Record as the fastest and most manoeuvrable among submarines of her class. For the last
twenty years, he has been working on civil applications
of such reactors.

His career path includes the positions of Engineer, Chief Engineer, Head of the Technological Service of Operation of Research Reactors SM-2 and MIR. As Head of the Laboratory
for Loop Testing of Fuel Rods, Fuel Assemblies, Absorber Elements, Control Rods and Other Reactor Equipment, he founded a research school known as Loop Resource Tests.
Author of ten monographs and a large number of scientific
articles and reports.
Holder of three orders and three medals of the Soviet
Union and the Russian Federation, as well as five medals of
the All-Union Exhibition of Achievements of National Economy (VDNH) and All-Russia Exhibition Centre (VVC), and other
awards.
For his achievements in research on radiation properties of
materials and products used in reactor cores of nuclear submarines and nuclear icebreakers, the information on Klochkov’s scientific career was included in such biography encyclopaedias as Ocean Nuclear Missile Fleet of the Soviet Union, Nuclear Weapons of Russia, and Russian Scientists.
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e have asked Georgiy Toshinskiy and Evgeniy Klochkov,
the patriarchs of this line of Rosatom’s operations who were
involved in the creation of several generations of nuclear
submarines of various types, to tell us about the evolution
of submarine nuclear power engineering.
“Who was the first to create a nuclear submarine?”
G.T.: “When the Soviet government issued a resolution to create the first Soviet nuclear submarines in
1952 signed personally by Joseph Stalin, the United
States had already built its USS Nautilus. This resolution was a reply by the Soviet Union. We already had
nuclear weapons, but had yet to design means of covert delivery.”
“Who was involved in the project?”
E.K.: Anatoly Aleksandrov, member of the Soviet Academy of Sciences and one of the founders of
the Soviet nuclear power industry, supervised the research side of the whole programme for the creation of
the Russian nuclear-powered fleet. 1952 is generally
viewed as the starting point of the project, but as early as in 1950 we were already working on determining
whether a nuclear power unit could be installed onboard a submarine.
“Does that mean that the project was almost
ready in 1952? At least, on paper?”
E.K.: “No, not in the least. The project was preceded by several years of intense work. First, experts
were thinking what kind of reactor was needed. They
considered several versions: beryllium-moderated
and helium-cooled (VT, with A.I. Leipunsky as scientific supervisor); a modified version of the VT project
that provided for using liquid metal instead of the helium coolant; graphite-moderated and helium-cooled
(ShG, with A.P. Aleksandrov as scientific supervisor); and graphite-moderated and water-cooled (AM,
with I.V. Kurchatov as scientific supervisor). ShG and
AM versions were eventually rejected due to various
engineering and scientific reasons. In late 1952, a
fourth option as added to this list: a vessel-type pressurised-water power reactor, ERKT (later VM), with
A.P. Aleksandrov as scientific supervisor. These reactors became the basis of marine nuclear power plants
(NPP) worldwide. An upgraded project, VT, was later
launched on a smaller scale as it had an advantage in
terms of temperature and featured a higher output at
the propeller shaft.”
“How were they developed?”
G.T.:   “I would start with a background story. Evgeniy and I graduated from Moscow Power Engineering Institute (MPEI), the Department of Physics and
Power Engineering. In 1951 we were given the topics of our graduation theses. Our group was to study
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 pplicability of nuclear power for marine purposes. We
a
were as helpless as kittens thrown into water: none
of us knew anything about it. I had to deal with submarines. I read what it was in the Great Soviet Encyclopaedia. My graduation paper was about a vesseltype pressurised-water reactor. Nikolay Khlopkin, now
a member of the Russian Academy of Sciences, found
out that it was the first project of a vessel-type pressurised-water reactor that played a significant role in
the choice of the principal area of research even before
the relevant resolution was issued in 1952.”

Igor Kurchatov said when
he was putting his team
together for the atomic
bomb project: “We need
to invite Aleksandrov. He
knows many unnecessary
things, but this is exactly
where they can prove
useful.”
“Does that mean that nuclear submarines originated from your graduation paper?”
G.T.: “Well, it would be too bold to say so. But I do
have some input in that. I remember a funny thing
that happened at the time. I made a cross-sectional
drawing of a compartment that featured ladders with
railings between decks. The chairman of the examination commission, Aleksandrov, shows me the railings
and asks: ‘What is it?’ I say: ‘Mr Aleksandrov, it’s a
stairway. Seamen call it a ladder.’ He smiled and said:
‘I know.’ But what I didn’t know was that he had been
engaged in ship demining before and had long been
on familiar terms with the navy. So he goes: ‘But why
are your railings just ankle-high?’ He noticed that silly mistake at once. He always paid attention to details.
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Igor Kurchatov said when he was putting his team together for the atomic bomb project: ‘We need to invite
Aleksandrov. He knows many unnecessary things,
but this is exactly where they can prove useful.’
When I came to the Institute of Physics and Power Engineering (then Laboratory V), we worked on a
lead-bismuth-cooled reactor supervised by Aleksandr Leipunsky. In 1952, we also started water and liquid metal projects. Since then I have been working
with lead-bismuth cooled reactors all my life, from
calculations and design to testing and interpretation of operating experience. Those graduates of our
Department who were sent to Kurchatov Institute
(G.A. Gladkov, N.S. Khlopkin, B.A. Buynitsky, and
B.G. Pologikh) started working on V VER reactors.
These reactors have currently achieved a high level
of perfection.”
E.K.: “It was another country at the time, everything was a bit different. We needed to find a fuel and
materials for fuel rod cans and the fuel assembly jacket, and to choose the layout solution.

Starting from 1965, the Research Institute of Atomic
Reactors (RIAR) was bringing up to 20 fuel assemblies
a year from the Kola Peninsula and the Far East. The
research on each assembly took about one year. At the
time roughly 35% to 40% of research run in the Institute was related to naval issues.
1974 became a critical point. In 1969, Aleksandrov got very angry at us, saying that we knew nothing about radiation damage to materials. He came up
with an idea of a fuel rod that had never been used before. Then we designed a fuel swelling and can failure solution (swelling means the relative change in
the volume of nuclear fuel due to nuclear fission). We
created fuel, which, unlike uranium dioxide, was
swelling inwards rather than outwards when used.
We also made a fuel rod with a swelling compensator. In 1974, we made a fundamentally new radiation
device in which we tested more than two thousand
fuel rods and models, and we are still using it. By the

late 1980s, the swelling solution for fuel rods of VVER
reactors was brought to perfection. We designed a
new can, swelling compensators, and enhanced fuel.
These improvements immediately led to a hike in the
fuel rod’s service life.
Originally, Russian nuclear submarine reactors
were placed horizontally as was the case in Toshinskiy’s project, but this didn’t work. We had to place
them vertically.”
“Are vertical reactors safer?”
E.K.: “Nikolay Dollezhal, Chief Designer, abandoned horizontal placement at the time because this
led to refuelling problems. Vladimir Malykh was the
lead designer of uranium-beryllium fuel rods for leadbismuth cooled reactors. At that time I had two loops
in the MIR reactor designed specifically to test such
fuel rods. We achieved a high burn-up rate that was
considerably above the performance targets. The fate
of fuel rods for lead-bismuth cooled reactors also depended on fuel swelling and can material. All those
submarines have already been decommissioned, but
at that time they were called destroyers and they
moved at a record high speed of 80 km/h.”
“Nice speed. Could they outrun torpedoes?”
E.K.: “They could. Americans entered them into
their Guinness Book of Records.
The IPPE in Obninsk had two ground prototype
stands: one with a VVER reactor and the other with a
lead-bismuth cooled reactor. We needed to design control and protection systems. The Soviet Union was the
world’s first country that used europium, the 63rd element in Mendeleyev’s periodic table, to absorb neutrons. The use of europium had had huge consequences. This element is an extraordinarily strong source of
gamma-radiation. We had to justify durability of control rods used in nuclear reactors, and we came up
with a rationale for radiation durability of europiumbased absorbing materials.
We also tested the two-phased decontamination
method in our loop units. Radioactivity was very high,
so we needed to decontaminate all surfaces and circuits. It was quite a while ago, almost 40 years.
We have recently completed the work on Project 955
(Borei) ships (Yuriy Dolgoruky and Vladimir Monomakh) and Project 885 (Yasen) ships (Severodvinsk).
But the rationale for radiation parameters of fuel assemblies for these projects was prepared back in 1986.
The core assessment cycle takes a long time. First, we
run loop tests, then make a core and install it onboard
an icebreaker, and then, if successfully tested, onboard a submarine. Then the fuel rods are returned to
RIAR for examination. It takes us from 15 to 17 years
to finally provide an opinion how good the fuel rod and
its capabilities are.”
“What was the most difficult decision in your career?”
E.K.: “The hardest thing is to convince the others
that you are right. We needed to prove to the scientific
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a pressure of 150 to 200
atmospheres represents
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is no such danger with
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community that we had created fuel that swelled inwards. But we were only able to do it a decade later after studying a large number of fuel rods.
It was hard to create a special device that would
serve to quickly replace a leaking fuel rod with a new
one. We and our colleagues from IPPE also made such
a device for lead-bismuth coolants that allowed dismantling a fuel assembly in hot chambers at temperatures above 150° С using a manipulator.”
G.T.: “As far as I am concerned, my hardest decision was not really my personal decision. It was very

Pilot submarines were dismantled in the late 1990s,
and the NTV channel even showed a very interesting 30-minute film Rusanov’s Order within the series Secrets of Forgotten Victories. They were decommissioned as it was very difficult to maintain them
at the base, since coolant was to remain liquid at all
times. Naval officers told us: ‘Imagine that you have a
high-speed car, but, once home, you can’t kill the engine. Unless you solve this issue, we will need no such
cars.’”
“Their concerns are quite comprehensible…”

A nuclear submarine is participating in planned drill operations of the Pacific fleet near Kamchatka (photo by RIA Novosti)
hard for us to design lead-bismuth cooled reactor submarines. We did not have either domestic or foreign
experience to draw on. We were pioneers. As such, we
faced multiple failures at earlier stages, including a
grave accident that took place in the reactor of the first
pilot submarine. But we learned our lessons. Although
as a result of the accident, the core had partially melted, the air in the compartment stayed clean, and the
reactor circuit remained tight. It was very important.
IPPE’s experts, V.I. Subbotin, Yu.I. Orlov and P.N. Martynov, solved the coolant issue, which took them about
15 years. Three out of eight submarines with such reactors were decommissioned from the Navy ahead of
schedule: two pilot submarines and the first-of-the
class submarine. Five follow-on nuclear submarines
were very reliable in operation. It was very hard to convince the naval community that the causes of the accident — the very first accident — were related to the
coolant.

v mire nauki: special issue 2015  | w w w.sci-ru.org 

G.T.: “The issue was solved, but by that time the
Soviet Union had already collapsed, and water-cooled
reactors were already successfully used, so this part
of the nuclear fleet ceased to exist.
We are currently developing lead-bismuth cooled reactors SVBR-100 for civil applications drawing on the
experience that we gained from submarines. The new
solution is of a better design, but the technology has
been mastered long ago.”
E.K.: “It was in fact hard to work with lead-bismuth coolant: the content of oxygen dissolved in it was
to be maintained within a limited range. We learned
how to do it, but it took time. Then we achieved the
same speed with water as with lead-bismuth. The
world speed record belongs to a VVER submarine, not
a lead-bismuth one.
There was also another equally important issue. We
needed to find steel that could be operated for a long
time, at least for seven thousand hours.”
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G.T.: “Technologies have come a long way. Rusanov’s section of IPPE has tested steel at 620° С: the
result was 50 thousand hours without traces of corrosion. So, this issue has been solved.”
E.K.: “As to radiation hazard. The first plant in Obninsk had coolant leaks in the compartment. It was
1960.”
G.T.: “Than the coolant was removed with crowbars as solid waste.”
“But it was bound to lead to radiation disease,
wasn’t it?”

State of Ohio and across the United States. I guess you
would agree that 4.5 thousand people are quite a representative sample. It turned out that there was absolutely no correlation between life expectancy and
whether the person worked with polonium or not.”
E.K.: “I am reading lectures to students and I tell
them: smoking ranks first among factors that affect life expectancy. It reduces human life by 3.5 to
4.5 thousand days (9 to 12 years) on average. Oncology ranks seventh. Radiation impact ranks only 102nd,
with its 0.002 days, i.e. three minutes.”

Nuclear submarine Samara at the full rehearsal of the military parade and theatrical
performance in the honor of the 2010 Navy Holiday (photo by RIA Novosti)
G.T.: “Not really. Gamma-radiation emitted by the
coolant is not very penetrating. The key threat is penetration of polonium (alpha-ray source) into the human
organism when inhaling air contaminated with polonium aerosols. For control purposes, everybody was
providing biological samples for radiometric analysis
on a regular basis. So, we could say for sure that nobody of the personnel received a dose of internal radiation from polonium that would exceed the limits set
out in sanitary rules.
In 1990, the U.S. medics published an article. It was
about a large U.S. plant that was producing pure polonium and forty years later they studied the mortality rates among its personnel (4.5 thousand persons).
They compared it to the average mortality rates in the

G.T.: “We have excessively tough sanitary rules, everybody recognises it. If background radiation exceeds
50 millisieverts a year, we start compulsory resettlement. While the international congress on radiation
protection says that if background radiation is below
150 millisieverts, this means that there are no signs
of radiation impact.”
E.K.: “There are glacial lakes along the highway
between Samara and Moscow, with background radiation up to 450 microroentgen per hour,*** while in
Mumbai it is 6,500 microroentgen per hour! People
have lived there for 10 thousand years. All theories on
radiation harmfulness or usefulness are improvable.
But radiation has a very high psychological effect.”
“Yes, people are scared.”
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E.K.: “When we were 22–23, we were smoking sitting on a reactor’s lid and were perfectly happy with
it. But still internal alpha-radiation is a quite tricky
thing. That’s what we need to be afraid of, and not of
external gamma-radiation.”
“What outlooks do Russian nuclear submarines
fleet and nuclear power industry have?”
G.T.: “As compared to American nuclear submarines, Russian submarines are more compact and perform better. The only thing I disagree with is that water-cooled reactors are the crown of creation. Just the
fact that water is operated in a reactor under a pressure of 150 to 200 atmospheres represents a potential
threat. Designers need to correctly use these factors
to make a safer and perhaps more cost-efficient plant.”
G.T.: “I was at a conference in Nice in 2011, soon
after the Fukushima-1 accident. The Chairman of
the French Atomic Energy Commission invited Sergei Kirienko to come there. Kirienko presented a very
interesting report at a special session on Rosatom’s
response to the accident where he highlighted three
stages. The first near-term stage has already been
completed. It included stress tests of all operating nuclear power plants, trainings, education, mobile power and water supply. The medium-term stage provides
for re-design of nuclear power plants under construction to rely more on passive safety systems that do not
require electricity. The third stage is a long-term stage,
which provides for a transition to natural safety technologies, that is, where risk factors are eliminated by
laws of nature. In particular, heavy liquid metal coolants — a lead-bismuth alloy in SVBR-100 and lead in
BREST reactor — are able to eliminate key potential
threats. They do not burn, they are not explosive and
they do not require high pressure. This makes reactors self-protected from inside.”
“I guess such a reactor should also be more mobile, right?”
“Mobility depends on its capacity, whethG.T.:
er it is transportable and how many safety systems
it features. If we take small capacity reactors, then
this would be floating nuclear power plants. Mikhail

Naval officers told us:
“Imagine that you have
a high-speed car, but, once
home, you can’t kill the
engine. Unless you solve
this issue, we will need no
such cars.”
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We need to build
12 submarines of “Yuriy
Dolgoruky” and “Vladimir
Monomakh” class to be
sure about our future
 omonosov is also a mobile reactor. I think if we were
L
to do a similar lead-bismuth cooled project, it would be
more compact and simpler. For many years I have been
in contact with naval officers who operate both liquid
metal and pressurised-water reactors. They say that at
sea it is much easier to operate liquid metal reactors.
The problems occur when the submarine stays at the
base, for then it requires special treatment. By now all
these problems have already been overcome, but back
then it would be a reject criterion.”
E.K.: “I would now answer your question about the
future of the Russian nuclear submarine fleet. The Soviet Union built 248 submarines, while the U.S. built
122. We surrounded the United States in its 25-mile
zones, with an impact time counting just minutes...
Today our strength is in quality rather than in quantity. The struggle today focuses on the balance of forces, retaliatory strike or, as Mrs Thatcher put it, the
balance of terror. We need to build 12 submarines of
‘Yuriy Dolgoruky’ and ‘Vladimir Monomakh’ class to
be sure about our future: these submarines will guarantee us the balance.
We can be proud with what the Soviet Union and
Russia have created. At all stages of their evolution.
Today we can control the entire reactor with a computer mouse. Technological advances are just amazing —
and there are many more to come!”

Interview by Valery Chumakov

* Fuel rod: an element of the core of a heterogeneous nuclear
reactor; an assembly that contains nuclear fuel.
** Fuel assembly: to be loaded into the reactor, fuel rods are
assembled into bundles, with spacer grids between them to
ensure that they are parallel to each other and there is a certain
gap between them.
*** 100 Roentgens = 1 sieverts (applicable to biological impact
by X-rays or other photon radiation, e. g. gamma-radiation).
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“For Rosatom, the
potential of the Arctic
region is chiefly
associated with
hydrocarbon resources
discovered there over
the last decade.”
Professor of the Section of Safe
Advanced Energy Technologies at
Moscow Institute of Physics and
Technology, Academy member, advisor
to the Russian Academy of Sciences

Ashot Arakelovich
Sarkisov

Атомный ледокол Арктика. Фото РИА Новости

osatom has always had a wide presence in the Arctic area and is fully
involved in various economic and defence sectors in the area. This is
quite logical, since nuclear power engineering features at least two
properties that make it quite attractive for Arctic application.
First, nuclear fuel has high energy capacity that
makes nuclear power plants highly independent,
which is particularly important for remote hard-to-access regions with harsh climate, with no roads or with
complicated transport communications, etc. Second,
nuclear energy sources are environmentally clean,
which is 100% true provided that the nuclear power
facility is operated in a standard fault-free mode. This
factor is particularly important for the Arctic region
with its unique natural landscapes extremely sensitive to manmade impact.
It was in the Arctic region that two world’s northernmost nuclear power plants have been built and
are operated: Bilibino Nuclear Power Plant, the northernmost of the two, with four 12 MW units, and Kola
Nuclear Power Plant that also has four — but more
powerful, 440 MW — units.
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Rosatom’s economic input in such a unique area as
the commercial nuclear-powered icebreaker fleet has
also been extremely important.
Attempts to create commercial nuclear-powered vessels were made in Germany, in the United States and
in Japan, but they all failed. Only the Soviet Union
found the right niche for applying nuclear power units
in the commercial fleet by building the world’s first
and still the world’s only nuclear-powered icebreaker fleet. The country built eight nuclear icebreakers
that were addressing a number of issues from development of natural resources to navigational support to
other vessels travelling along the Northern Sea Route.
Moreover, during the Soviet era, 396 radioisotope thermoelectric generators (RTG) were installed along the
Northern Sea Route to feed lighthouses that supported local navigation. They used strontium-90 as the
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 rincipal source of heat. All these generation sets have
p
been actually dismantled and disposed of.
The Navy is another area of unrivalled competence
of Rosatom in the Russian North. It is a pre-requisite
for Russia’s national sovereignty and national security. Since nuclear power units are more organic and efficient in the context of the North and submarine fleet,
it was quite natural that during the Soviet times we
built the largest nuclear-powered fleet that at one time
comprised 248 nuclear submarines and five heavy
missile-armed battlecruisers. On expiry of their service life, the overwhelming majority of nuclear submarines were decommissioned and dismantled. The
large-scale decommissioning of nuclear submarines,
their disposal, and radioecological rehabilitation of
the supporting infrastructure proved to be an environmental challenge of a global scale and of the greatest complexity in the history of modern times. This issue is about to be successfully solved. The task was
tackled through wide international cooperation that
involved many Russian organisations and institutions, with Rosatom playing an unquestionably leading role. In conclusion of this short review of Rosatom’s
operations in the Russian North, we should also mention the creation of a sophisticated experimental site
to test nuclear weapons on Novaya Zemlya that has
greatly reinforced our national sovereignty and security.

Polar NPPs

Given the context, the demand for Rosatom’s capabilities to address Arctic challenges will steadily grow.
For Rosatom, the potential of the Arctic region is chiefly associated with hydrocarbon resources discovered
there over the last decade. These remote locations have
no centralised power supply systems. Local deposits
can only be successfully explored and developed if
there are reliable power sources. An analysis shows
that nuclear power units of small-scale capacity (from
several tens to three hundred megawatts) will be the
most appropriate solution. By adopting small-scale
nuclear power facilities, i.e. to nuclear power sources of small capacity, we will not simply reduce capacity, but will move to a new quality level. This means a
new philosophy, a new concept of the entire nuclear
power industry where the principal operations associated with capital expenditures required to build power plants will be transferred from their place of destination to the manufacturing site. That is, almost 90%
of the power plant will be assembled at the manufacturing site. Only prefabricated units will be assembled
onsite.
The modular design, as the key feature of such
plants, makes them extremely flexible: individual
modules can be used to build blocks of a broad range
of capacities depending on the demand.
Another important advantage is that all radiation
hazards related to nuclear fuel loading and handling

of liquid and solid waste are transferred to the manufacturing site that can provide the optimal conditions
and qualified personnel for this.
Finally, we should pay attention to a high level of independence of small-scale nuclear power facilities.
Current achievements in physics enable us to make
plants that will support uninterrupted operation of
such nuclear power sources for 25 or 30 years without refuelling.
Russia has done a good deal of research and development groundwork to create small-scale nuclear power plants, and is even leading in some areas. We are
about to complete the construction of the world’s first
floating nuclear power plant. For a number of reasons
our first-of-the-class floating NPP failed to implement
all potential capabilities; in particular, it proved to be
excessively expensive. But we understand the causes
for all of its drawbacks, and we know how to overcome
them in follow-on plants.
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An analysis shows that the world has a great demand for transportable plants of this type. Such
plants can be operated on a lease basis; that is, the
nuclear plant can be transported to the site of operation, operated for the necessary term, and then transported back to the company for maintenance, refuelling and other necessary operations.
Another initiative that has been actively pursued
in Russia is also a pioneering and purely innovative
project of SVBR-100, a lead-bismuth-cooled fast reactor, which is a 100 MW modular unit that can be
used as a building block to make larger capacity facilities divisible into this amount. This plant is being
developed by Rosatom in partnership with a private
company. We are currently at the design stage. An
in-principle decision has been made to place the pilot
reactor in Dimitrovgrad for testing. This area of research has a very high potential and we need to pursue it further.
If we take small-scale nuclear power plants in a
broader sense, they are primarily intended to supply
electricity to remote local regions that have no own
power supply. They may include a cluster of localities
and local industrial businesses.
Deployment of regional power networks is another
area where small-scale nuclear power plants can be
of use. This concept can be implemented in Siberia, in
the Far East and in some Arctic regions.
Besides, nuclear power plants can be used to feed
individual major industrial facilities such as drilling
rigs, mining facilities, and metallurgical businesses.
These plants have a very small capacity. There are no
technical obstacles to making such reliable, highly independent and highly cost-efficient plants.
Finally, small-scale nuclear power plants will be of
great use in the production of hydrogen and other secondary power sources, in water desalination, etc. That
is, the projected range of application of small-scale nuclear power plants is very broad. Therefore, it is hard
to underestimate the role of Rosatom in promoting
small-scale nuclear power facilities in the North, in
Arctic regions, in adjacent territories and in remote areas of the country that have no centralised power supply. We believe that this region offers tremendous opportunities for developing this new trend in nuclear
power engineering.
Historically, the evolution of the nuclear power industry was focused on building major power facilities
with capacities starting from one gigawatt per generation unit and higher. Today we are witnessing the
birth of a completely new area of research driven by
a fundamentally different approach, a different philosophy and new technologies. The small-scale power industry even operates in a different legal and institutional framework. In any case, the legal framework that currently governs the operation of the entire
large-scale nuclear power industry of Russia proves to
be insufficient for it.
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It is very hard to make detailed economic calculations of how efficient the use of nuclear power in the
Arctic region can be. For this we need to factor in a
large number of features that are not sufficiently clear
today. Take hydrocarbon reserves: if they turn out to
be insignificant, then there is no point in investing
huge amounts of money in developing the local infrastructure.
We have, however, quite encouraging data that
shows that minimum hydrocarbon reserves discovered in the Arctic region are estimated at c. 250 billion
tonnes of oil equivalent. If we take the current annual
output, than this amount should theoretically be sufficient for much more than 100 years. This estimate
already gives us a reason to heavily invest in reinforcing and marking our presence and our right to develop
these reserves. This applies not only to land, not only
to the continental shelf, but also to deeper waters that
we have the right to claim as our property.

We should also mention the
creation of a sophisticated
experimental site to test
nuclear weapons on Novaya
Zemlya that has greatly
reinforced our national
sovereignty and security
Full Speed Ahead

As to the nuclear-powered icebreaker fleet, four out of
eight icebreakers that have been built by us remain
in operation, while the fifth, The Soviet Union, is in
the operating reserve. An analysis shows that these
regions will require continuous operation of four to
five icebreakers to support navigation, research and
transportation of hydrocarbons. Therefore, the existing plans are arranged so as to maintain this level.
By now we have designed three vessels of new type:
multi-purpose icebreakers that will have a doubledraft design: maximum draft of 10.8 m, and minimum
draft of 8.5 m. They will reduce their draft when entering shallow northern rivers and increase it when operating in deeper waters. The first icebreaker of this series is slated to be launched in 2016.
Apart from this, we are designing leader-class icebreakers with stronger power units. Existing nuclear icebreakers can operate freely during the autumn / summer season until September. During the
winter / spring season they can support navigation
only in the western areas of the Arctic region. The new
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icebreaker will be able to operate all year round, including in the eastern part of the Arctic region and in
its polar waters. They will have an unlimited range of
operation.
Power units for the series of icebreakers that are currently under construction are completely different from
power units of the previous generation. The principal
differences include, first, deeper structural integration
(steam generators are located inside the reactor vessel) to make them compact, light and reliable, and, second, higher safety as the units are placed into a concrete containment that surrounds the reactor like in all
modern nuclear power plants. These are the first onboard power units that meet IAEA safety requirements.
Today, nuclear-powered icebreakers offer better outlooks than diesel icebreakers in any aspect. E.g. while
a diesel electric icebreaker can operate independently, subject to fuel limitations, for no more than two
months, a nuclear icebreaker can operate for up to five
years without core refuelling. It is also important that,
unlike hydrocarbon-fired plants, nuclear power units
are environmentally clean. I do not see any other alternative to nuclear icebreakers in developing the Russian North.

Safety Culture

Nuclear power engineering has its particularities,
which unfortunately fuels unjustified views about
its exceptional danger. Nuclear power engineering
emerged as a by-product of the atomic bomb project,
which makes it associated with nuclear weapons in
the public’s opinion. Another reason for this suspicious and frequently negative attitude towards nuclear power stems from specific properties of radiation
impact. Radiation impact on the organism is completely unnoticeable, while implications of high radiation
doses can be quite harmful.
At the same time, there are a number of objective
factors that are intrinsic in nuclear power and are potentially dangerous. Among them is the extreme concentration of energy in a unit of volume. Potential energy contained in the nuclear reactor core is seven orders of magnitude higher than energy of the steam and
water mixture in a steam boiler of a power plant of the
same capacity.
Another feature that must be taken into account and
that represents a potential threat is the prompt critical condition. It is an uncontrollable chain fission reaction that can occur in certain physical conditions.

Nuclear icebreaker “Lenin” (photo by RIA Novosti)
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None of the other energy generation methods features
this property. Therefore, every reactor’s design provides for everything to prevent this condition. But it is
theoretically achievable and, thus, represents a real
threat.
Decay heat is another specific feature of nuclear power engineering that also represents a potential source and factor of danger. Once turned off, any
other energy source reaches a zero capacity after a
short while. After the nuclear power unit is shut down,
heat generation continues for many hours, days and
months due to decay heat. Moreover, this generation
is implemented at a rather high level, which requires
heat rejection to be maintained for a long time after
the reactor is shut down. Actually, all troubles at Fukushima took place because the staff failed to remove
the decay heat after generation sets were shut down.
Today, the level of nuclear power equipment is so advanced that its safety level considerably exceeds the
safety level of other energy technologies. Nuclear power units are currently the safest, and their safety standards are the strictest. It is for a reason that the term
safety culture has originated in the nuclear power industry. This philosophy and ideology are gradually
spreading to other sectors of the energy industry.
To make the public perceive nuclear power in a more
reasonable way, we need to instil its proper understanding in people since school, and continue this education in university, regardless of their specialisation, and then throughout their lives.
This is done very efficiently in France. The French
show a very calm, sensible and reasonable attitude
towards nuclear power. Over 70% of their energy is
generated by nuclear power plants. Despite this, the
French, far from protesting against the growth of their
nuclear power industry, believe that their welfare and
economic wellbeing are to a great extent due to the fact
that their country extensively and successfully uses
this type of power generation. These awareness and
education efforts need to be applied on a systemic basis under a relevant national programme.
We need to engage in forward-thinking design and
create new advanced nuclear power plants, as was once
the case with the nuclear submarine. Nobody asked for
it, but the Ministry of Medium Machine-Building Industry came up with the concept and put it into place,
and then it turned out that submarines can only be nuclear-powered, since only with nuclear power units they
truly become underwater vessels that do not need to
surface from time to time to charge their accumulator
batteries. We need not wait for consumers to ask, but go
and offer and commercialise new solutions on our own.
We need to lead the market, not to follow it.
Much to my regret, at the initial stage of their operation, Rosatom and other organisations that used
nuclear power energy proved in many respects to behave irresponsibly towards environment. The recent
large-scale work on disposal of nuclear submarines
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Ashot Arakelovich Sarkisov
Academy member, advisor to the Russian Academy of Sciences, professor of the Section of Safe
Advanced Energy Technologies at Moscow Institute of Physics and Technology.
Born in Tashkent.
In 1941, he entered the Dzerzhinsky Higher Naval Engineering College in Leningrad. When the war burst
out, he joined the ranks and resumed his studies only
after the end of the war in 1945.
Candidate of sciences since 1956, doctor of sciences
since 1968, and professor since 1968.
Corresponding member of the Soviet Academy of
Sciences since 1981, and full member of the Russian
Academy of Sciences since 1994.
Since 1982: Chairman of the Expert Board of the
Higher Attestation Commission of the Russian Federation for Navy and Shipbuilding.
Since 1990: Head of the Section for Applied Problems
of Nuclear Power Engineering at the Nuclear Safety Institute (IBRAE) of the Russian Academy of Sciences (Moscow), and Adviser to the Russian Academy of Sciences.
Since 1997: Deputy Chairman of the Scientific Council of the Russian Academy of Sciences for Nuclear Power Engineering.
Since 1998: Chairman of the Expert Board of the International Programme for Radioactive Waste Treatment (IPRWT — ATRP).
From 2004 to 2007: Scientific Supervisor of the development of the Strategic Master Plan on Utilization
of Decommissioned Nuclear Marine Facilities and Environmental Rehabilitation of Supporting Infrastructure.
Since 2011: editor-in-chief of the academic magazine
Arktika. Ekonomika i ekologiya (Economics and Environment of the Arctic Region).
Vice Admiral; veteran of the Great Patriotic War
(WW2); holder of ten orders and more than 40 medals.
Winner of International Award Global Energy (2014),
awards of the Russian Government (2013), and Aleksandrov Gold Medal of the Russian Academy of Sciences (2007).
has revealed the immense environmental damage that
was inflicted as a result of thoughtless and careless
use of all nuclear facilities in the region.
At the new stage, nuclear power must be used in the
Arctic region in a more responsible way and under
stricter requirements, supported by cutting-edge technologies, which will guarantee environmental safety of
the entire region.

Prepared by Valery Chumakov
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“Russia was the pioneer
and remains
one of the world leaders in producing
raw medical isotopes

Isotopes

on Our Health’s Guard
These kinds of projects
mean the possibility to diagnose and treat
a range of serious illnesses – oncologic,
cardiologic, neurologic. However, while
having a powerful fundamental advantage,
we barely made progress in producing
medical equipment, which led to a nearcrisis situation. So now, medical workers
and physicists decided to join efforts to
solve these problems. They believe that
we have all reasons to be optimistic.”
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A.D. Kaprin, RAS corresponding member, Director of
the National Medical Research Radiological Center
V.P. Smirnov, RAS academician, Assistant Director
of the Science and Innovations Nanaging Company
for Rosatom State Corporation

e are talking about ways to resolve the issues of providing
our patients with high-quality medical care and about the
obstacles that we may face with Andrey Kaprin, Director of the
National Medical Research Radiological Center, and Valentin
Smirnov, Assistant Director of the Science and Innovations
Managing Company for Rosatom State Corporation.
“It must be for a good reason that you are sitting
here together? And generally, it seems that from
now on, you will make your way through life together?”
V.S.:
“Everyone knows about Rosatom: nuclear
power, nuclear weapons. But creating extremely complicated and powerful objects for nuclear power engineering led to vast expansion of our possibilities, and
we are now able to make new equipment for various
areas of science and technology, including medicine.
We were developing accelerators that found their application in therapy; we created and still create isotopes that are used in radiopharmaceuticals and in
brachytherapy devices, in diagnosing various diseases — from neurology to oncology.”
A.K.: “We are very happy about this, because in
today’s conditions we cannot order foreign equipment needed for diagnostics and treatment. The development of these methods continues abroad, even

though our physicists were the patriarchs of many
fields of nuclear medicine and high-power radiology.
In the 1990’s, there was a sad tendency in our country — to stop financing such projects, and most damage was caused to this particular field. After Perestroika, we started purchasing required equipment abroad,
where the advances in this respect were significant.
But now all our hopes are tied to the revival of such applied research in Russia. This concerns radionuclides,
radiopharmaceuticals, various therapy methods that
were born back in the Soviet Union. Also, various types
of neutron capture therapy, fast neutron therapy, etc.
As they say, there is no better new than the well forgotten old. I’m sure that our physicists are capable of
creating equipment that isn’t in any way inferior to its
western counterparts, and maybe in some ways even
better. Especially that there is no way around.”
V.S.: “Andrey touched an extremely important aspect of our development at the present stage. We know
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how to make ‘hardware,’ beams, neutron oscillators, xray machines, etc., but we must do it on medical workers’ request. Only they can determine what is needed
foremost, and then we will decide how to structure our
technical and physical systems to satisfy the medical
needs and patients’ requirements.”
A.K.: “Of course, we understand this. That’s why
interdisciplinary committees and working groups are
created. Our health minister V. Skvortsova ordered
to form a scientific committee on nuclear medicine,
which includes representatives of Rosatom, directors
of large institutes, including the Joint Institute for
Nuclear Research in Dubna, Institute of Physics and
Power Engineering… It is important to conduct an advance audit of the situation and prepare answers on
where exactly we need to establish medical centers
with appropriate equipment.”
“Do I understand correctly that all this is still in
the planning?
V.S.: “No, it isn’t. We have equipment that we developed one way or another in the past and are developing it presently. It always found its clinical application. First of all, I would like to mention our pioneer project in brachytherapy — the Agat unit. Our
institute NIIEFA built over a thousand of these devices. Now it has been upgraded and is called Agat
Smart, which, I hope, will be in high demand in
healthcare.”
A.K.: Indeed, Agat is a wonderful and very reliable
machine, which has been upgraded many times. Here
is how it operates: a special head produces an isotope
that hits the tumor locally. It may take one, two, or
three sessions, depending on the stage of the tumor
process and a range of other factors. By the way, Agat
counterparts that worked with iridium were made
abroad, and now about 100 of these devices function
in various clinics in Russia. They work well, but the
problem is that their heads need to be recharged frequently, which is very expensive. We hope that one of
the directions of our cooperation with nuclear physicists will be producing iridium to be able to charge
these machines.”
V.S.: “This is possible, and we have an extensive
program in developing medical isotopes for brachytherapy and radiopharmaceuticals. In addition, we export a part of our isotopes. We have at least four institutes of Rosatom’s civil sector that are involved in producing medical isotopes. Presently we, physicists, are
developing new brachytherapy systems that are based
on using not isotopes but miniature x-ray sources that
operate from the mains. This is incomparably more
convenient. Firstly, such devices are safe for the personnel, and secondly, they don’t lose charge. The analysis we made shows that we are capable of producing
devices with parameters that are better than the foreign ones.”
“If we are one of the world leaders in producing
raw medical isotopes, then why only now, when
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sanctions have been imposed on us, we suddenly
realized that we can do it at least as good as others
or even better?”
V.S.: “Well, this is not totally true. We also conducted such research before, and sanctions have barely affected these isotopes.”
“But nuclear medicine in our country is not very
well developed, is it?”
A.K.: “In terms of research that was done by our
physicists, we were always leaders. As to implementation — I would have to agree, we didn’t do very well.
Of course, we had some units, but their upgrade was
always late. Why? The system of supplying medical
equipment and medication was structured in such a
way that we purchased everything abroad, and this
suited our needs.”
V.S.: “Allow me to come the defense of our medical
specialists. Radiologists that work in our centers are
world-class scientists. And they are doing everything
they can with the existing equipment.”

New brachytherapy systems
are based on using not
isotopes but miniature x-ray
sources that operate from the
mains. This is incomparably
more convenient. Firstly,
such devices are safe for the
personnel, and secondly, they
don’t lose charge
A.K.: “But the radiologist must be well armed. Radiologists have their ‘trump card’: they say that they
are able to perform the same precision therapy without
complications on any device. This is great, of course,
but we still need to move forward. It is not enough to be
a specialist in foreign equipment, we must also create
our own. In other words, we have our own huge lead,
we always made isotopes, we made great advances in
pain management, especially bone metastases, but we
never had proton centers. And this delinquency must
be eliminated.”
V.S.: “We are aggressively doing it now. In addition
to standard equipment that is available on the market, there are several totally new approaches that we
study together with medical workers. Although, we
also want to reproduce the existing equipment in upgraded form.”
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“Do you feel that we could catch up and overtake
the West in nuclear medicine?”
V.S.: “Let’s be realistic. In the meantime, we are
far behind technologically. We can overcome it, but we
need time and support. Medical workers and physicists demonstrated many times the possibility of finding solutions to very complicated problems. In some
fields, we are ahead of similar research that is being
done in the world. So I am an optimist. Most importantly — society must reach understanding that without developing science, in the wide sense of the word,
we cannot move forward. And I think, such understanding will be reached.”
A.K.: “It will. We had a terrible collapse in terms
of personnel — we had no medical physicists, but now
they are being trained, particularly in provinces. Previously, we had a hard time finding two or three resident physicians, but now youngsters are flowing into
oncology, even though this specialty is a heavy load.
But they keep coming to us! Great kids, very smart.
Did you notice changes in the society as well? Many
people no longer consider foreign clinics as a panacea.
And this means that we must compete against the best

world centers. Try to be no worse and, perhaps, even
better. However, we do have serious problems. One of
them is the lack of our own chemotherapeutical products. In fact, we don’t even have our own molecule, we
import the medication. Or rather we used to import it.”
“With what chemo medications you currently
work?”
Kaprin: “Well, thank God we had money, so we purchased it for two years ahead.”
“Do we have hope that in two years we will have
something of our own?”
A.K.: “You see how fast the world changes? Nearly three years ago — literally — we used mobile phones
that barely fit in our hands. The same progress can
take place in the development of radiopharmaceuticals. I hope it will.”
V.S.: “Pay a visit to NIITFA and look there at the cyclotron built in NIIEFA; look at the fusion modules, at
the PET center that is getting ready for launch. So the
work is going on. And here what’s important: we must
strive for each person to realize that they are doing an
important job — for actual people, for patients, and,
ultimately, for themselves.”
A.K.: “And we, medical workers, should make sure
that every person understands the importance of undergoing medical examination in advance. If you don’t
neglect the ailment, in most cases you can do without
chemotherapy, radical methods, or nuclear medicine
methods. Because chemotherapy means very serious patients and expensive medications. For example,
there are target drugs that cost 250 to 300 thousand
rubles (4–5 thousand dollars). Can you believe this
price? Not everyone can afford them. But they are
needed every day for the rest of the person’s life. Who
will want to surrender such a pharmaceutical market? Nobody, of course. Companies will do everything

Robotized radiosurgical system for tumor treatment
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Physicists and medical workers jointly provide patients with highly qualified medical care
to keep this molecule a secret. But we place or stakes
on early diagnostics, regular and timely checkups. I
would call this a patriotic movement. There is no other way.
In our clinics, each patient gets sent to ECG and
chest photofluorography every half a year. At the same
time, early diagnostics or oncology prophylactics are
lacking from the schedule. What should every person
know?”
A.K.: Firstly, if a person has a problem with his
birthmarks — they started itching or growing, he
must see a doctor immediately. And this is no laughing matter. If I showed you the photos, you wouldn’t
be laughing. Can you imagine, for example, a female
breast that does not fit in the bra cup and grows four
times larger than the other one? Of course, it’s not
just the patient’s fault, but also the general physician’s, who has forgotten what it means to examine the

Many people no longer
consider foreign clinics as
a panacea. And this means
that we must compete
against the best world
centers. Try to be no worse
and, perhaps, even better

patient. Oncology alertness is our common doctor’s
goal, and nobody will relieve us of this responsibility.”
“What else should we consider alarming?”
A.K.: “We must understand the consequences of
the presence of hidden blood in feces, for example.
There is a very simple test that lets you know if you
must visit an oncologist. Generally speaking, in all developed countries, after the age of 50, a man undergoes gastro- and colonoscopy every three years — that
is, if everything is normal; but if there are problems,
the procedures must be done much more frequently.”
“I know that in some countries, if a person is diagnosed with cancer and he did not have an exam
previously, the treatment cost is not covered.”
A.K.: “Yes, he receives a postcard. A woman at the
age of 39 must have her cervix and breasts examined.
If she failed to appear and then got cancer, her entire
treatment will be out of her pocket. A man must take
the prostate-specific antigen test (PSA). If he didn’t
take it at the age of 50, the entire treatment will be out
of his pocket. And this is the way it should be.”
V.S.: “At one time, I was very surprised after reading statistical data on the effect that the radiation dose
has on the duration of human life. These data are from
Japan. They studied 300 thousand people who were
impacted by radiation during Hiroshima and Nagasaki bombing. It turned out that even with the acquired
dosage, the life duration increased, and even at very
high doses it reached the average.”
“Because they take good care of their health?”
“Exactly! All these people had systematic
V.S.:
checkups, and that’s the whole secret.”

Interview by Natalia Leskova
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Technologies
to Grow Into

84

w w w.sci-ru.org

| v mire nauki: special issue 2015

“In the course of time
we’ll get technologies
that would make
extremely expensive
things cheaper and
more affordable.”
CEO of Science and Innovations JSC,
doctor of technical sciences

Alexey Vladimirovich
DUB

hat development prospects do additive technologies have?
How will they change our lives? These and other questions
we are addressing to Alexey Dub, doctor of technical sciences, CEO of Science and Innovations JSC that is a part
of Rosatom State Corporation structure.
“People barely had a chance to get used to the term
‘nanotechnologies,’ then ‘cognitive technologies’
appeared. Now we are facing a new concept — ‘additive technologies.’ What does it mean?”
“Additivity is a physical and mathematical term. In
fact, it is quite old, but just recently it started penetrating into our everyday speech. The term implies a process where the result is obtained by adding to the initial data. Additive technologies are technologies where
the result is formed from sequential accumulation of
similar activities in the process of this technology’s
operation. In the end, we see additive technologies, for
example, in the process of growth of stalagmites and
stalactites: drops run off and drip, which causes the
icicle to grow.”
“Building a house, when bricks are placed one
atop the other, also fits the concept of additivity?”
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“Yes, essentially this is also additive technology,
when individual micro-bricks combine to form a macro-object. But in today’s reality, the development of additive technologies is not as primitive as this. We are
talking about building rather complicated macro-systems, when at the start we specify not just the form but
also the properties of the required object. This is what
makes it different from what we talked about earlier.
Roughly speaking, when an operator works on a lathe
machine, he uses a blank with pre-existing properties
that, to a certain degree, match the piece that should
come out. But using additive technologies, we immediately grow a piece with material properties that we
need.”
“In other words, the idea of additive technologies
is to obtain the required properties simultaneously
with the required form?”
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“Not just one of the variations — it is the tool for creating goods on the basis of additive technologies. 3D printing is
sequential recreation of an item’s
shape by means of layer-by-layer laser alloying or simple sequential coating, if we’re talking
about polymers, which today is
the most popular and common
method.”

Plasma processes in
the technological highvacuum equipment
chamber (above)

Peaceful Rosatom

“How is Rosatom involved in
all this? We know that Rosatom
deals with nuclear reactors,
power engineering… And all of
a sudden, additive technologies?”

High-vacuum
technological unit for the
space industry (right)

“Not quite. It is possible, depending on the properties
of the material, to obtain the product of required form
that will exactly match the specified properties. This
is the main point.
But there is more. We must realize that high technologies move us further away from art. Their result should
not depend on the operator’s talent or competence. Previously, a metallurgist or a blacksmith used to be primarily a creator. The blacksmith forged mostly as he felt.”
“But isn’t it wonderful? To feel the metal and to
forge it in accordance with your feelings…”
“It’s wonderful when we are talking specifically
about art. Or, at the very least, about a wrought iron
fence. But in case of even a regular screw, feelings
must not be a factor.”
“Indeed, when we are talking about tolerance of
fractions of a millimeter, sensations are a bad indicator — we need at least a slide-gauge.”
“Exactly. This is why today we must standardize
each technological move. In this sense, art lies outside
the frame of technological progress. It works before the
beginning of creating form and material for this form.
Technology itself is a routine process, specified in regulations, rules, etc.”
“But art is present, after all?”
“It is. In the design of the item itself, in the material
creation design.”
“Then 3D printing that operates according to a
computer program is one of the variations of additive technologies?”

“First of all, Rosatom is reliability and safety. This is
why everything Rosatom is involved with has a wellunderstood, verified, and proven resource, and must
correspond to the required properties in a certain
form. This is our objective.
After Rosatom has become a state corporation, business requirements have been added to all other types of
activity. This is why all that we implement must be efficient and, most of all, economically efficient. Using expensive materials, from which goods must be obtained
rather fast, generates the need for new technologies.
While classic technologies (first creating blanks
from metal, then their deformation, mechanical processing) produce an output coefficient as low as 20%
or less, with the rest going into waste and chipping,
we realize that at the cost of materials of up to tens of
thousands of dollars per kilogram such technologies
become highly inefficient. This is very wasteful. The
process becomes efficient when we get over 90% at the
output.”
“So additive technologies give an opportunity to
save on expensive materials?”
“Among other things, yes. Besides, we get the ability to obtain the required shape immediately, even a
unique shape, i.e. in a relatively short timeframe, in
one or two steps, produce the end product. Finally, it
means moving away from the human factor. It is the
routine production that is reproducible best of all. All
this provides the very reliability I talked about. Don’t
forget: in Rosatom, reliability means safety.”
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If Only You Had Known from What Rubbish…

“What is being used as source?”
“In our cases, metallic powders. But, of course, there
are special requirements to these powders,”
“Which ones?”
“Here is one of them: they don’t interact with open
atmosphere neither in the process of their generation,
nor after its completion. This is done to avoid any accidental changes in their composition.
Next, we need these powders to have specific grain
size — below 50 microns. And these are not your regular,
relatively cheap, iron or aluminum powders, but highalloy steels, nickel-based, heat-resistant, and titanium
alloys, etc, i.e. rather complicated, picky, and chemically active substances. This is why the technology of their
production is controlled at all stages, while their cost
starts at 5 thousand rubles (almost $90) per kilogram.”
“By means of additive technologies, is it possible to create items that were previously impossible

at higher temperatures. It is impossible to drill these
channels using regular methods, because they have
very complicated shapes and configurations. But there
is no problem to grow it layer after layer.”
“Therefore, these technologies already operate?”
“As always, we live with them. It is no accident that
I gave the example of a stalactite. Each one of us can
approximately imagine the process of liquid metal solidification: we take liquid metal and pour into a pan
where it gradually solidifies. In essence, casting is another example of additive technologies.”
“So, if we can just cast a required item, why invent new and complicated technologies?”
“Regular casting produces defects; there must be
technological profits; special gating systems could
cost up to 50% of a new item. With expensive materials, this could become very wasteful and ineffective.
I was involved in crystallization processes for quite a
while. We observe something similar when we play Te-

to obtain using other technologies? For example, a tris, where from many falling blocks of various shapes
solid cube with a hollow sphere inside?”
we must choose the most compact one. Additive tech“Of course, we have examples of pieces of art, where nologies deal with a similar problem: everything is
a craftsman was able to take a solid bone and carve a packed in tight layers, which results in the required
cube with a sphere inside, but just a few people could item. Crystallization is a typical example of natural
master this.
additive technologies.”
Today, in mechanical engineering,
there is a category of items that contain
internal hollow areas. They are needed
for cooling, for delivering various types
of fuel or technological fluids. Such cavities are impossible to make using methods of traditional welding or mechanical
processing. Additionally, if we use welding or some other component connection,
we could never achieve the required reliability or equal properties both in this
welding joint and the main item itself.
This is why additive technologies give engineers and end-users totally unique opportunities. In other words, we can turn
unique goods into products of standardized technologies. Today Alstom uses additive technologies to make specific items
for gas-turbine engines — for example, up
to 80% of all fuel nozzles. The fuel that
they deliver passes through the internal
channels and acts, among other things,
as a coolant. And the unique properties
Ready formed parts and initial metallic powders
of this assembly allow the item to operate
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In Rosatom, reliability
means safety
Harder than Steel

“When we talk about items created from alloyed
powder layers, one could get the impression that
they may be nondurable.”
“I strongly disagree. Any heavy duty item is such
because it provides the resource and the characteristics we expect from it. If it became possible to produce a certain item using the method of powder metallurgy, it means that it maintains all of its resource

“Not at all. The objective of introducing additive
technologies is split into five major parts — organizational and informative.
First. We understand for what we need all this, so
we are our own customer and consumer.
Second. We must make a design. Rosatom possesses extremely competent engineers, so we can develop
a complete project — from the beginning to the end.
Third. We can develop all necessary and sophisticated software, which we are already doing at our Rosatom enterprises, for example, in the city of Sarov.
Fourth. Powders and other materials used for this.
Rosatom has material science centers: State Research and Planning Institute for the Rare Metal Industry (Giredmet JSC), Scientific and Research Institute of Chemical Technolocy (VNIIKhT), A. A. Bochvar
Hi-Tech Scientific Research Institute for Inorgan-

characteristics. Diamond is harder than coal, but it
doesn’t make it worse than this coal in certain cases,
and vice versa. So it is evident that the issues of standardization and property verification will draw at least
as much attention as they do during standard operations.
But there are also some difficulties here. During
standard production, we always take a sample or several samples of the item and use them determine the
item’s properties. This way we can forecast the durability and other item’s characteristics. In terms of production, this cannot be done using additive technologies, because the idea is to get the end product immediately, without any additional volume that will then
be cut off for analyzing. This is why we simultaneously develop corresponding technologies and probing
methods.”
“In what way?”
“Today, when we grow the item, in the same chamber
and under the same conditions we also grow a sample
that will be subjected to all necessary tests. A method must be developed that will demonstrate that the
properties of a separately grown sample — in the same
chamber, under the same technological conditions —
tested in the laboratory at a later moment, will exactly
correspond to the item’s properties. In Rosatom, I repeat, the issue of responsibility is of the utmost importance. So it is clear that we dedicate at least as much
attention to it, as we do to producing the goods.”
“If you don’t mind me asking, what can Rosatom
show as of this day in terms of additive technologies?”

ic Materials (VNIINM), material sciences institute
TsNIITMASH, Luch Scientific and Production Center.
We have organizations that deal with powders professionally and certainly know how to make them.
Fifth. Building a 3D printer. This is complicated mechanics, lasers. In Rosatom, we have a long history of
working with laser systems and precise mechanics issues. So we have all five components on the highest
possible level.”
“And you are independent in this matter?”
“Pretty much. But it doesn’t mean that we have no
plans to cooperate with anyone. We already formed
alliances with leading higher education institutions.
This includes MEPhI, our national nuclear university,
various material sciences institutes, such as the Moscow Institute of Steels and Alloys, Saint-Petersburg
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Polytechnic University, the academy of sciences, as
well as other state corporations that we consider as
potential consumers of these kinds of goods and with
whom we can cooperate: RosCosmos, RosAviation,
RosTechnologies. The most important thing is that we
understand how to create a technical design assignment. A well-formed definition of a problem accounts
for two-thirds of its solution.”

A Challenge for the Future

“Recently, a famous cardiologist Akchurin said
that now scientists are thinking about growing human organs using additive technologies.”
“I will start by saying: I know how this can be done.
We work with nuclear medicine, so we have good contacts with healthcare professionals, biologists and biochemists. They are able to grow molecules; from them

they assemble large molecules and, let’s say, certain
items. Of course, this is just the beginning of the way,
but the goal is achievable. To what extent and how —
this is a whole other technology. In Rosatom, we still did
not make a printer for growing bio-components, but we
are already creating printers for growing items made
of carbon or composite parts. For example, our Graphite Scientific and Research Institute, together with M.V.
Lomonosov MSU, are working on such things. So this is
no longer fiction. Or almost non-fiction.”
“It is already possible to purchase inexpensive 3D
printers. We could fantasize a bit and suppose that
in the near future there will be one in every home.
How would this change our lives?”
“If we ask a common person today about the extraordinary scientific discoveries that took place in recent years, they will name the Internet and cellular
phones. I got acquainted with the Internet in 1990, but
the system itself appeared back in 1985. However, regular consumers knew nothing about it until the late
1990’s.
Any technology becomes people’s possession — a
technological stage — when it enters our lives. But we
must understand that it certainly does not compose
itself of activities by narrow groups of people. Google
was born on the foundation of pre-existing technologies. Its creators — Sergey Brin and Larry Page — proposed the social orientation of its usage, but the technology itself was already developed.
Each item that I listed as an example had a certain
life cycle. If we talk about getting involved aggressively
and practically with additive technologies today, then
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it will most likely take at least five, seven, ten years before the market is hit by affordable printers that work
not with plastic, which is readily available today, but
more sophisticated machines. Today’s devices are not
of very high quality; nonetheless, every school student could use them to grow a plastic frog or something similar.”
“It’s still just a toy. But we are talking about additive technologies as responsible issues.”
“When you mention human organs as an example,
the seriousness is clear. The exact timeframe to verify
this product’s application in responsible areas is also
a serious issue. For example, today’s research cycle
for using new nuclear fuel is eight to ten years. But we
are unable to tell whether or not this fuel can be used
safely until this time elapses. So the price of responsibility differs.

Vacuum-arc coating system
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Personality
Alexey Vladimirovich Dub
Director General of Science and Innovations JSC,
doctor of technical sciences, professor.
Graduated with honors from the Department of
Physics and Mathematics at the Moscow State Institute
of Steels and Alloys (MISiS). Has extensive connections
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machine-building enterprises) in Russia and the CIS.
In 2000–2005, Assistant Vice-Principal of MISiS, Research Department director.
Since 2005, chairman of the Department of Metal
Corrosion and Protection in MISiS.
Since 2005, Director General of Central Research Institute of Machine Building Technology (CNTTIMASH)
Since 2013, Director General of Science and Innovations JSC.

Of course, this technology will enter our everyday
lives, but I think it will happen differently in each
area. In education, it may happen pretty soon, because we can just look and examine the goods. In engineering, where we can quickly grow a model and see
whether the gearwheels fit one another, this can also
be done in a timely manner. But in order to be able to
grow real serial production on an industrial scale and
launch it into space or have it serve for 100 years as
part of a power generating complex, we would need a
lot of time.”
“If we assume that all programs related to additive technologies at Rosatom are successfully completed, how would it benefit people? Would electric
power become cheaper, or would something new appear on the market?”
“First and most important: we would be able to become technologically independent. Today the pursuit for globalization made Russia technologically
dependent to a certain degree. In the future, we will
certainly cut the costs. This is the idea of any new
technology, including additive technology. An additive technology work cell is not a kilometer-long
20-story high workshop with all the maintenance
that comes with it. It does not require a ton of processing machinery and a crowd of supporting personnel. It is an opportunity to gather at one place
the kinds of modules that would help avoid the necessity of cooperation related to delivering goods
many kilometers away and risks of non-delivering
certain components at a certain time. All this leads
to lowering expenses.

At first, any technology involves spending, but the
ultimate goal is to cut the expenses. People are entitled
to count on us in terms of obtaining technologies that
would make extremely expensive things cheaper and
more affordable.”
“So, turners and millers must look for new jobs
now?”
“Certainly not. I think regular materials will still
have the same application for quite a while. We must
not forget that specialists that work in regular materials science, with regular technologies, are not standing in place either. We realize that even traditional
metallurgy is not the same as it used to be some thirty
or even fifteen years ago.”
“In other words, additive technologies will not replace metallurgy, but add a new dimension to it?”
“Exactly — new dimension, new opportunities for
an engineer. We can try to fantasize that during space
colonization, we won’t have to launch all we need to
the Moon or to Mars. With the development of additive technologies, we could just send our modules that
would produce all we need using materials on hand.
We know from science fiction that many seemingly totally absurd ideas, which science fiction geniuses
foresaw, actually were brought to life. That’s why the
idea from the movie “The Fifth Element,” where a biological model is grown from a DNA fragment, is gradually becoming a reality. We are not talking about intelligence, but the external form could definitely be
achieved.”
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The flight range
of a normal airplane
is limited by the engine’s efficiency
and fuel load.

Nuclear Plane,

Atomic Rocket, Nuclear Satellite...
An airplane with a nuclear engine aboard
would be able to loiter in the air for
months, while its flight range would count
tens or even hundreds of turns around
the globe, but the use of nuclear energy
at near-Earth heights is an unreliable and
dangerous thing.
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cientific Adviser to Rosenergoatom’s General Director, member of the
Russian Academy of Sciences, Vice President of the Russian Research
Centre Kurchatov Institute in the 1990s, professor and winner of Lenin
and State Awards, Nikolay Ponomarev-Stepnoy was at the very origins
of aircraft, rocket and space applications of nuclear power.
“Back in the 1960s, both the U.S.S.R. and the U.S.
were actively searching for ways to build space nuclear systems. Then this area of research was almost completely abandoned. What was the reason
for that?”
“Studies on applying nuclear energy in space were
actually launched in the early 1950s. When we just
started working with nuclear energy, the priority task
was to create an atomic bomb. But there is no point
in creating an atomic bomb and keeping it in your
own country. The bomb should be somehow delivered
across large distances.”

Nuclear plane

“Hopes were mainly pinned on the nuclear submarine
fleet. But it would have been risky to rely on submarines alone. Therefore, the country started developing
nuclear units for aircraft. The flight range of a normal airplane is limited by the engine’s efficiency and
fuel load. An airplane with a nuclear engine onboard
would be able to loiter in the air for months, while its
flight range would count tens or even hundreds of
turns around the globe. I started working on a similar
design when I was still a student.”
“You worked on the project of a nuclear bomber,
right?”
“The nuclear bomber was just a continuation of
a line of common bombers that Andrei Tupolev and
Vladimir Myasishchev were working on. We were to
design new long-range aircraft that would deliver the
charge to any point on the planet. We were also considering unmanned versions. Their nuclear versions were
dubbed ‘flying nuclear rocket’.”
“Were they to be jets? Or were they to be propelled by an onboard nuclear power plant that
would feed electric engines?”
“Nuclear energy can provide almost any temperature. The energy is obtained in the form of kinetic energy from fission fragments of atom nuclei. They travel at tremendous speeds. Speed means temperature,
thus we had almost no restrictions on temperature.
We were even considering exotic variants that would
directly use the energy of these fragments.”
“With a controlled nuclear explosion as the
source of driving force?”
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“We considered this option, but did not pursue it further. But high temperature produced in the reactor
would allow heating up the air in the jet engine to obtain considerable propulsive force. It would be a nuclear-powered ducted jet engine. I was actually working on such engines for unmanned aircraft in the early 1950s.”
“I can see why unmanned: it would be dangerous
for pilots to fly a nuclear-powered aircraft.”
“It was for a different reason. We were also considering manned versions of nuclear jets. Other countries were also working on that, e.g. the U.S. Many
documents have been declassified, and when I am
reading about the path they had chosen, I see that
we were ahead of them on designing a ducted engine
for UAV.”
“Does that mean that they were ahead of us on
making the atomic bomb in the 1940s, but it was us
who beat them on creating a nuclear-power engine
in the 1950s?”
“We lagged behind the Americans and the English
in atomic energy research due to World War 2. All historical milestones show this gap of three to four years.
The first reactor was launched in the U.S. in 1942, and
in the U.S.S.R. it was launched in 1946. The nuclear
bomb: 1945 for the U.S. and 1949 for the Soviet Union.
The first nuclear submarine: 1955 and 1958, respectively. But we were ahead of them on our nuclear UAV.

Nuclear energy can
provide almost any
temperature. The
energy is obtained in the
form of kinetic energy
from fission fragments
of atom nuclei
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the use of nuclear energy at near-Earth heights is an
unreliable and dangerous thing. We shouldn’t even
think about it.”

Atomic Rocket

RAS academician N.N. Ponomarev-Stepnoy
They already ran developments, built test beds, and
assembled reactors of this type. But then the project
was suspended.”
“Why? Was it considered that it had no outlooks
or was there an accident?”
“No, the decision was purely political: stop working
on aircraft and focus on rockets. As a result, the focus
was shifted to developing two main types of delivery
means: missiles and submarines.
We built a reactor that was able to heat air up to
1500° K and even higher. This exceeded the capabilities of standard jet engines. Equipped with such engines, aircraft would reach speeds of more than 3 М
(Мах), that is, three times faster than sonic speed.”
“Over 4 thousand km/h? Quite impressive. It is
a pity that the project was never allowed to be finished.”
“Strange as it may seem, I agree with this decision.
Apart from all of its advantages, nuclear energy has
a considerable drawback, that is, radioactive fission
products. To study radiation safety issues related to
nuclear planes, the Soviet Union had actually created
and tested an aircraft with a nuclear reactor onboard
that I was lucky to fly on. These studies helped us to
solve major issues in streamlining radiation protection in such aircraft. But every aircraft runs the risk
of a technical breakdown. Any plane crash is a tragedy, but if an aircraft with a nuclear reactor onboard
crashes, this will be a real disaster. For this reason,
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“We shouldn’t if it’s too close to Earth. But you can
do it far from Earth.”
“Exactly. As I have said, the country decided to focus
on rocket engines. This immediately led to the question whether rocket engines could use a nuclear reactor. Most research in this area was carried out in Keldysh Research Centre. It was called then, as I remember from an inscription on the building’s gable, the
Institute of Agricultural Machine-building. This very
Institute had designed the famous Katyusha rocket
launchers. Our Kurchatov Institute was closely cooperating with them on nuclear research at the time.
Rockets always require a suitable substance, the
‘working mass’, that can be heated up to very high
temperatures. The higher the heat and the lower the
atomic weight, the greater the engine’s specific thrust.
The specific thrust of standard chemical fuel is about
300 sec. It cannot be made any higher, since, for
combustion, fuel needs oxygen that has high atomic weight. Thus, chemical fuel offers a limited specific thrust: it is very hard to get a high specific thrust
with such fuel.
According to Tsiolkovsky, specific thrust impacts
on the weight of cargo that can be sent into orbit. To
produce high thrust, we need to abandon oxygen and
use hydrogen — the lightest element — as the ‘working mass’. Then thrust will only be affected by the temperature to which hydrogen will be heated. In case of
a nuclear reactor, its fuel rods can withstand slightly
over 3100° K at the outside. Accordingly, oxygen also
can only be heated to temperatures not exceeding this
value.
In these conditions, thrust will grow as high as to
950, that is, it will increase threefold, and this means
that the weight that you can sent into orbit will also
grow several times.
Rocket and nuclear engineers joined their efforts to
develop a nuclear rocket engine whose fuel elements
could heat the working mass (hydrogen) to these
3100° К. And we made such a reactor. We tested it at a
site specifically built at the Semipalatinsk experimental area. First, we installed an impulse reactor there,
and then a research reactor that we used to test individual elements to achieve limit parameters. Then we
tested the entire engine.”
“Were we ahead the U.S. on this, too?”
“Their results were a bit more modest. They achieved
2500° К, and this meant lower specific thrust, and
so on. But by that time there had already been rockets propelled by standard fuel that did their job well.
As a result, nuclear rocket studies were put on the
back burner. Moreover, the issue of safety in case of a
launch accident remained unsolved.”
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“When was this area of research abandoned?”
“It was only suspended. Unless the rocket is
launched from a support orbit (from which the vehicle cannot fall rapidly) rather than from Earth, then
an engine of this type can be used for various space
missions. We also worked on a similar project, and it
is currently kept in the pool of Russian scientific and
technological solutions. The U.S. has not achieved
such results.
As to when, we tested both engines and reactors in
the 1970s.”
“But they did not get to space, did they?”
“These reactors didn’t. But others did.”

The Daisy reactor

Nuclear Satellite

“By that time we had already mastered orbit injection
and even interplanetary automated expeditions. The
task we badly needed to solve was to find a fuel to use
in these space vehicles.”
“Didn’t they work on solar energy from the very
outset?”
“It was the most evident and correct solution. But
only for near space and relatively small capacities.
If we take deep-space expeditions then solar energy
could prove insufficient. Otherwise, you would need
to expand the surface of solar cells. But a spacecraft
with large solar panels becomes poorly controllable.
So, the logical solution would be to use nuclear energy. In case of low requirements to energy, we could use
radioactive isotopes. This technology has been tested,
validated, implemented and actively used. Suffice to
recall the recent expedition to Pluto that was launched
about ten years ago.”
“The ‘nuclear battery’?”
“Not really, this system is known as ‘radioactive energy sources’. The ‘nuclear battery’ is about a slightly
different method of using nuclear energy.
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We do need radioactive sources for spacecraft and
we are working on them. The Soviet Union and Russia happened to be the unique supplier of radioactive
plutonium-238 that is used as the energy feedstock for
such sources. This is not weapons-grade plutonium,
but it can be produced in the same commercial-scale
reactors. The U.S. also uses such sources. The space
probe sent to study the deep space outside the Solar
system runs on plutonium-238 of Russian origin.”
“But this still means limited capacity. What if you
need at least kilowatts and not watts?”
“There are two options. The classic one: take a nuclear reactor, heat up some ‘working mass’ in it, and then
use standard turbine-based mechanical conversion. But such a system includes too many moving parts, which
means high risk of breakdowns, tear
and wear, and so on. But there is also
another option where the conversion
system contains no moving parts at
all, i. e. direct energy conversion.
One of the first units of this type
was made in 1964 in Kurchatov Institute. It was the Romashka converter
reactor in which fuel rods were heated to around 2000° С. Then this heat
was channelled to an energy converter. In plain language, it was a standard thermocouple unit, which was,
however, made of semiconductors, i.e.
it was more efficient.
Unfortunately, the efficiency factor
in such converters is low: just about
5%. Unused heat in the form of radiation is released into the surrounding
environment. This is a specific feature of space power units.
We had tested the first Romashka before the Geneva conference of August 1964. At the conference I
was presenting a report on this reactor. My U.S. colleague who was reporting on similar developments by
the U.S. was seated next to me. When I was reading
the report, he suddenly reached into his pocket, took
a pill and put it under his tongue. It turned out that
when I said ‘We started this reactor up on 24 August’,
the interpreter said ‘launched’ instead of ‘started up’,
and everyone understood my words as ‘launched into

Reactors with direct
energy conversion have
great outlooks in terms
of space research
w w w.sci-ru.org

| v mire nauki: special issue 2015

Space Power U n its

space’. As a result, the guy who worked on the same
issue felt unwell when he imagined how far ahead we
were.
Such reactors with direct energy conversion have
great outlooks in terms of space research.”
“But you have just said about their low efficiency factor. Do you want to say that no way has been
found to increase it over the last fifty years?”
“We can use direct conversion of another type:
thermionic. Relevant converters were the next target
in our research.
First, we made nuclear reactors with thermoelectric
converters for defence purposes. We launched about
30 military satellites: compact and discreet (for they
bore no solar batteries) and at the same time equipped
with powerful electronics.
The Soviet Union worked on two versions of thermionic units. Both versions came quite a long way, and
over time their useful life was increased to five years.”
“A nuclear reactor needs to be cooled, while space
is a huge and very efficient thermos.”
“Heat rejection is a vulnerable spot of such systems.
With a unit of 1 MW electrical capacity, you want to release about 3 MW of heat capacity into space. The heat
rejection issue is enormous, for your radiator grows
quite big. Recently, we have come up with an idea that
is currently being worked on in Keldysh Centre: a
droplet radiator. The cooling liquid takes the heat from
the unit by circulating around it and then is sprayed
out into space, but so that all drops, once they have
cooled down, could be recaptured. They cool down
much faster than liquid that runs through pipes. We
are already running experiments in space. A very exciting project.”
“You’ve said ‘a vulnerable spot’. So, is there any
other vulnerability?”
“Safety once again. Such a unit cannot be launched
after it has been started up: in case of a breakdown
during the launch we risk the effect of a ‘dirty bomb’.
The orbits where the unit should be used must be far
from Earth so that it should not fall for a thousand
years.”
“The ‘graveyard orbit’, is it?”
“Yes, it is about 1 thousand km high for military satellites with a nuclear power plant onboard. Besides, we
must be already in space and in the orbit to start the
reactor up, and this is not as easy as it may seem. We
need to make sure that there is no failure, and for this
we need to run the entire cycle on Earth with a higher level of reliability than at nuclear power plants. Because you won’t be able to fix anything there once it’s
up. You get a loose bolt or nut, and there you are, the
unit becomes useless. And this means huge amounts
of money.
But I hope that mankind will only slow down, but not
abandon the creation of such high-performance units
that we need both to launch deep-space expeditions
and to tackle near-Earth challenges.
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Nikolay Nikolayevich
Ponomarev-Stepnoy
Doctor of technical sciences, professor,
member of the Russian Academy of Sciences
specialising in energy (including nuclear)
Born in the town of Pugachev (currently in the Saratov
Region). In 1952 he graduated from the Engineering and
Physics Department of Moscow Institute of Mechanics
majoring in Design and Operation of Physical Devices
and Facilities. Candidate of technical sciences (1959),
senior researcher of technical physics (1962), assistant
professor (1962), doctor of technical sciences (1974),
and professor of nuclear power units (1977).
From 1952 to 2010, he worked in Kurchatov Institute
making his way up from senior laboratory assistant to
First Deputy Director for Research, Vice President and
Honorary Vice President.
Since 2006, he has been Scientific Director of
A.A. Bochvar High-technology Research Institute of
Inorganic Materials (VNIINM).
Since 2007: Senior Researcher (Scientific Director for
Special Issues) at Keldsyh Centre.
Since 2010: Chief Specialist on Nuclear Energy at the
Nuclear Safety Institute (IBRAE) of the Russian Academy
of Sciences.
President of the Russian Association of Nuclear
Science and Education; Branch Head at the Section
of Electric Propulsion Engines, Energy Physics and
Power Units of Moscow Aviation Institute, and Head
of the Section of Modelling of Nuclear Processes and
Technologies at Moscow Institute of Physics and
Technology. Editor-in-chief of Atomnaya energiya
(Atomic Energy) scientific magazine. Chairman of the
Scientific Council for Nuclear Power Engineering of
the Energy, Machine-building, Mechanics and Control
Processes Section of the Russian Academy of Sciences.
Winner of the Lenin Award (1985) and State Award of
the U.S.S.R. (1980). Holder of Orders of the Red Banner
of Labour (1966, 1976), and For Merit to the Fatherland
(2nd Class, 1998), and Soviet and Russian medals.
The development of high-temperature reactors for
aircraft, rockets and space and resulting technological solutions have proved so impressive that even a
new area of technology research has emerged within the terrestrial nuclear power engineering: the use
of nuclear energy not only for electricity generation,
but also in industrial processes and eventually for hydrogen extraction from water. But this is an altogether
different chapter in the book of life.”

Interview by Valery Chumakov

97

Translating the

Dream
98

w w w.sci-ru.org

| v mire nauki: special issue 2015

“Fantasts’ dreams
about nuclear starships
laying the road to
other planets and stars
are becoming a close
reality for us.”
Director of N.A. Dollezhal Research
and Development Institute of Power
Engineering (NIKIET), RAS
corresponding member, professor

Yuriy Grigoryevich
Dragunov

e are talking about the history and the prospects of space nuclear power with professor Yuriy Dragunov, RAS corresponding member and Chief Designer of N.A. Dollezhal Research and
Development Institute of Power Engineering (NIKIET).
The space nuclear power industry started with the
development of a nuclear-powered rocket engine. The
first theoretical calculations and research of such an
engine for space rockets were made in 1954 by scientists from Laboratory B (nowadays JSC Institute of
Physics and Power Engineering — IPPE) — Igor Bondarenko, Victor Pupko, and others. Soon, on the initiative of academician Mstislav Keldysh, director of Aviation Industry Science and Research Institute (NII-1),
this project was joined by another group of institute
associates headed by Valentin Ievlev. In 1957, he proposed a concept that could reduce the number of required reactor tests, which, in turn, would serve as
an important argument in selecting the heterogeneous reactor scheme. The commitment to such a reactor and element-by-element development of its components has determined the fundamental difference
in the programs for creating a nuclear-powered engine in USSR and USA. And this difference, as was
later acknowledged by specialists, including American specialists, happened to be in favor of the Soviet program.
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As early as 1956, NII-1 formulated the program of early experimental research. Two years later, the construction of an experimental base for testing nuclearpowered jet engines started at the Semipalatinsk nuclear range. The first construction was the test range
with a blast-effect reactor. Today it carries the name
of IGR reactor (abbreviated from the Russian “pulse
graphite-moderated reactor”). The reactor provided the
opportunity to conduct looping tests of fuel assemblies
for nuclear-powered rocket engines.
IGR reactor is a homogenous uncooled uraniumgraphite reactor that operates by means of accumulating
all thermal energy emitted during one cycle in reactor’s
core. In 1962–1964, the first three series of short-term
tests of breadboard fuel assemblies were conducted in
the central canal of this reactor. The experiment proved
the possibility of heating hydrogen — the working medium of a nuclear-powered rocket engine — to the temperature of 3000° K, which produces the propulsion burn
that is twice the propulsion force of the most efficient hydrogen-oxygen-based rocket engines.
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In 1964, the construction of Baikal facility for testing nuclear-powered rocket engines and its elements
started at the Semipalatinsk range. The first position was occupied by the research reactor IVG-1 developed at NIKIET for full-scale fuel assembly tests.
From 1975 to 1988, over 30 reactor launches were performed, testing four experimental cores and over 200
gas-cooled fuel assemblies for nuclear rocket engines.

as a source for durable heating energy with implementation of reactor core cooling without the cooler
f lowing through the fuel assemblies. This laid foundation for further development of nuclear power installations.
Just as active was the development of nuclear-powered rocket engines in the USA. The national nuclear rocket program ROVER/NERVA covered the peri-

Pulse graphite reactor
The tests confirmed the correctness of the concept
chosen by Russia in building nuclear-powered jet engines, while most of the results achieved during the
tests became unique in world practice.
Successful tests of fuel assemblies in the IVG reactor
made it possible to start independent tests of nuclearpowered rocket engines. Developmental testing of a reactor with propulsion thrust of 36 kN was conducted
in a specially designed machine 11B91‑IR-100 (IRGIT)
at the Baikal testing complex. During 1977– 1978,
physical and power launches of the reactor, as well
as two firing trials, were performed. During the late
1970’s — early 1980’s, two more test series of the second and the third machines 11B91-IR-100 were conducted at the same complex.
Starting in 1983, a few more long-term series of
low-power tests were performed on nuclear-powered
rocket engines. They confirmed the fundamental
possibility of using a nuclear-powered rocket engine

od from 1959 to 1972. In the United States, more than
40 installations with nuclear-powered rocket engines
were tested (Phoebus, Pewee, NF1 reactors). Over 20 of
them were subjected to full-fledged tests, including
complete engine units with liquid hydrogen supply.
The construction was based on a homogeneous reactor with a graphite core and centerline oxygen flow.
The program was recognized as one of the most successful technical designs of the most advanced US
technology.
However, despite considerably lower costs of implementing the nuclear-powered rocket engine program,
Russia had significantly outran the USA in such parameters as hydrogen temperature at reactor exit (i.e.
performance index), power density at its core, operating time at maximal parameters, etc.
The main results of the Soviet works on implementing the program of building a nuclear-powered rocket
engine were as follows:
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1) well-tested production technology;
2) endurance tests of fuel cells and fuel assemblies:
• reactor core
• moderator
• reflector
• radiation shielding
• executive and working mechanisms of reactor
control
• hydrogen supply and storage systems equipment
• nozzle cluster, etc.;
3) radiation research of construction materials;
4) creation of a comprehensive experimental base
on developing the main units of the nuclear-powered
rocket engine reactor;
5) research that led to building the IRGIT reactor.
A large number of outstanding scientific institutes
and design bureaus of the Soviet Union participated in
implementing the Soviet program of nuclear-powered
rocket engines: M.V. Keldysh Research Center, KBKhA
Design Bureau, Energomash Science and Production
Center, NIKIET Institute, IPPE Institute, Luch Science
and Production Center, Kurchatov Institute and many
others.

Force

Research on space nuclear power units (NPU) with direct energy conversion started in Russia slightly later
than nuclear-powered rocket engine research. However, unlike the latter, power units actually made it
to flight tests and routine operation aboard space vehicles (SV). It started with developing and building
an experimental Romashka (Daisy) convertor reactor with electrical power of 0.5 kW that operated nonstop for about two years at the Kurchatov Atomic Energy Institute. The first nuclear reactor-based power
unit was launched into space in April 1965. This was
the first and only American NPU — SNAP-10A with a
0.5 kW thermoelectric convertor.
The first Russian NPU that operated in space was
Buk (Beech) with a thermoelectric energy convertor.
Its development started at IPPE, at the Bondaryuk Design Bureau, and other institutes in the early 1960’s.
Later it was continued at the Red Star Science and
Production Complex.
During the entire period of operation — from 1970 to
1988 — 31 space vehicles, equipped with Buk power
units, were launched into low orbit for the purpose of
naval radar surveillance. The maximum electric power of the unit was about 3 kW; in the process of flight
operations its resource reached 4400 hours, which is
approximately half a year.
In parallel with the tests of early thermoelectric
NPUs Romashka and Buk, USSR started the development of new space nuclear units based on thermionic
energy convertors that are built into the reactor core.
The Red Star Complex, in cooperation with IPPE,
developed a modification of the thermionic NPU with
multi-component power generating channels (PGC),
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and in cooperation with Central Design Bureau of
Engineering, Kurchatov Institute, and other R&D
i nstitutions, built a thermionic NPU with a singlecomponent PGC (Yenisei).
The years 1970–1973 saw the creation and the first
ever successful testing of eight prototypes of multicomponent PGC-based thermionic NPUs with convertor reactors. In 1987 and 1988, two trial models of Topaz NPUs were tested in space, as part of the
experimental space vehicle Plasma-A (Kosmos-1818
and Kosmos-1867), thus confirming the resource of
142 days on the first test and about 342 days on the
second.
The development of the Yenisei unit (known abroad
as Topaz-2) ended with the full cycle of ground tryout,
including six nuclear power tests with confirmed resource of about a year and a half and forecasted resource of over three years, according to the results
of studying and analyzing the most critical components. For the purpose of testing, two regular Yenisei units and several trial models were constructed

The future of
cosmonautics is tightly
connected to the rise
in power supply to
space vehicles and
the expansion of their
functional abilities
to train the link-up with a spacecraft. Due to financing cuts, flight tests of the unit were never performed,
while the already built trial units (with electro-thermal heating) were used in the program of joint operations with the USA (in the international Topaz program).
Today, the power supply of the vast majority of space
vehicles is provided by solar energy (the only exception
being several SVs with radio-isotope power units). The
power of modern SV solar energy units reaches 20 kW
with active operations lasting up to 20 years.
The future of cosmonautics is tightly connected to
the rise in power supply to space vehicles and the expansion of their functional abilities. The ever growing complexity of tasks carried out by space means in
near-earth and deep space contributes to the return
of nuclear power engineering to space on a new technological level that makes it possible to create nuclear power propulsion units (NPPU) of up to 1000 kW of
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Nuclear power unit “Topaz-150”

electrical energy and higher with a long-term resource
of operation. Space nuclear power units significantly surpass solar units in a range of key parameters:
specific mass at power exceeding 100 kW of electricity, size in transporting and unfolded state, etc. An important advantage of NPUs is virtual independence of
their power from the distance to the Sun, as well as
the possibility to supply power to the space vehicle in
the shadow part of the orbit.
Using space NPUs permits to approach the following
ambitious tasks:
• creating global communication systems, distant
Earth probing, environmental monitoring, natural
cataclysms warning, etc.;
• detailed studying of planets and their satellites;
• commercial production in space;
• cleaning up near-earth space from garbage;
• controlling asteroid threats;
• creating automated on-planet bases;
• working out methods of hazardous space object
contention;
• traveling to the Moon and to Mars.

Propulsion Force

In October 2009, the Russian Presidential Committee
for Modernization and Technological Development approved the project on creating transport energy modules (TEM) based on megawatt-class nuclear power
units. The main goal is to provide the leading role for
our country in developing highly efficient energy complexes of space designation that would fundamentally increase their functional abilities. The project is directed at creating fundamentally new space means
of high power supply capacity that provide long-term
state interests in the area of studying, mastering, and
utilizing outer space after year 2020. The major project participants are Roskosmos enterprises, Rosatom
State Coroporation, and the Kurchatov Institute NRC.
Rosatom became the state customer for the project implementation in the part of creating the reactor unit, while NIKIET was assigned the engineering
tasks. In addition to NIKIET, the work in creating the
reactor unit for TEM involves about 30 Russian enterprises and organizations. A large scientific and
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 roduction cooperation was created and includes leadp
ing scientific and production organizations, including
nuclear centers, RAS institutes, leading Russian higher education institutions.
The main element of TEM is a nuclear reactor intended for producing thermal energy, which then is converted to electric power and used in various consumption systems of the space object. Previously, multiple
attempts were made to create reactors for these kinds
of tasks. From the past experience and conducted preliminary research, the choice for the TEM project was
made in favor of the high-temperature gas-cooled fast
reactor.
This reactor has a few peculiarities: it utilizes highmelting-point materials in its core, features low mass
and size, operates without fuel reloading during the
entire campaign, and ensures nuclear and radiation
safety of the reactor unit at all stages of its existence,
including the starting launch modes.
The key issue of creating the reactor unit for its use
in space is ensuring nuclear and radiation safety at all

The main element of
TEM is a nuclear reactor
intended for producing
thermal energy, which
then is converted to electric
power and used in various
consumption systems of the
space object. Previously,
multiple attempts were
made to create reactors for
these kinds of tasks
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stages of its lifecycle, including emergency situations.
The concepts of providing safe usage of space NPPUs
is based on the document titled “Principles Relevant
to the Use of Nuclear Power Sources in Outer Space”
approved in Resolution 17/68 by the UN General Assembly on December 14, 1992. These are its main requirements:
• keeping the NPPU reactor in subcritical state
(without chain reaction taking place) until the space
vehicle carrying the NPPU reaches the operating orbit;
• switching on the reactor only in the operating
orbit;
• shutting down the reactor after the vehicle
completes the planned f light program or at an
emergency situation;
• after the campaign termination — transporting
the TEM to a remote orbit and subsequent disposal
that ensures safety for Earth’s population.
All these requirements are taken into account during the development of the gas space reactor unit.
This project also led to new regulations that control
radiation safety of space nuclear power units. By
now, calculations on nuclear and radiation safety of
the reactor unit at emergency situations have been
completed. Tests are underway that model emergency situations, such as TEM’s impact of Earth’s surface after a failed launch or orbit loss, to verify the accounting codes on nuclear and radiation safety of the
reactor unit.
A large volume of work has been performed in building the reactor unit:
• calculation and design tasks on the reactor
unit are complete; the optimal composition and
construction options are chosen;
• design documentation on reactor unit components
and models are developed; technologies for creating
semi-products and building compounds and clusters
are mastered; models and prototypes of reactor unit
compounds are manufactured;
• ex-core and core tests are conducted; production
for trial and commercial fuel cells is prepared.
The test results confirmed the workability of the
construction materials, the reactor unit construction
elements, and the management and safety system control organs at normal operation parameters.
During the implementation of the reactor unit, we
created new technologies, useful models and inventions that could effectively be used in other areas of
industry.
This also led to creating a resource and technology
base for producing reactor core components and reactor unit elements. The project is directed exclusively at
the Russian manufacturer.
The results of a technical audit for the project implementation conducted by Roskosmos and Rosatom enterprises speak for its conceptual feasibility. The act
emphasizes that “experimental and engineering works
on developing a reactor unit have been performed at
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PERSONALITY
Yuriy GrigorYevich Dragunov
Doctor of technical sciences, professor, RAS corresponding member.
Born in the village of Novo-Solovievo, Moscow Province.
In 1966, graduated from the Physics Department of
the Lomonosov Moscow State University.
Worked at Gidropress Development Engineering Bureau (city of Podolsk) as an engineer, Head of the Engineering Department, Assistant Senior Engineer, Chief
Engineer — head of department.
Defended his candidate’s thesis in 1990, and PhD
thesis in 2000.
RAS corresponding member since 2006, member of
the Department of Energy, Engineering, Mechanics,
and Control Process at RAS (Power Engineering Section); since 2008, professor in “Nuclear power units, including engineering, maintenance, and de-commissioning.”
In 1998–2007, Director and Chief Engineer of Gidropress Development Engineering Bureau.
From 1995 to 2005, member of the international
IAEA working group for NPP resource management.
In 2007–2008, director’s adviser at Atomenergoprom
OJSC. Since October 2008, assistant director of OMZ
OJSC (United Machine Engineering Factories). Since July 1, 2009, CEO of Dollezhal Research and Development
Institute of Power Engineering.
Head of the E-7 department “Nuclear Reactors and
Units” at the Bauman Moscow State Technical University.
Laureate of USSR Soviet Minister Prize (1991), Honored Engineer of the Russian Federation (1995).
Awarded the Order of Honor (2003) and other marks
of distinctions. Honorary citizen of the Moscow Province.
Rosatom enterprises, and their results indicate real
attainability of the technical design assignment (TDA).
Additionally, the reactor unit readiness for performing
ground-based tests with parameters specified in the
TDA has been confirmed.”
This means that fantasts’ dreams about nuclear
starships laying the road to other planets and stars
are becoming a close reality for us.

Prepared by Valeriy Chumakov
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New
Materials

for the New Era
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Construction
materials
for nuclear
power stations
are functional materials (i.e.
possessing properties that conform
to certain operation conditions)
of various designation, which are
specifically developed and produced
for nuclear reactor cores and
provide integrity and reliability of all
elements’ operations.
There are special functional
construction materials for specific
technologies and applications only
in the nuclear sector, for example,
to process spent nuclear fuel and
radioactive waste.

In modern
science
there are many areas
where we have to deal
with extreme conditions —
incredible pressures,
ultrahigh or ultralow
temperatures, violent
radiation.
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These are special types of concrete,
radiation-resistant glasses and
ceramics, materials for containers
that transport and store nuclear fuel,
etc. In this case, they can also be
called “construction materials for the
nuclear energy sector.”
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n modern science, there are many areas where we have to deal with extreme conditions — incredible pressures, ultrahigh or ultralow temperatures, violent radiation. As technologies develop, the destructive power of artificially created sources of such forces keeps growing. This, in turn, requires continuous perfection of
various materials that provide protection. Perhaps, the most powerful impact
is delivered to the walls of a nuclear reactor, so it is for a reason that materials
science for the atomic industry has become an independent field of science. We
are discussing the specifics of this relatively new field and its development with
Georgiy Karzov, Assistant Director of the Central Scientific and Research Institute of
Construction Materials (Prometheus).
“Today we are talking about construction materials science in the nuclear sector, which essentially got isolated into an independent field. How and
when did this happen?”
“Serving as the motive was the need for new materials for the nuclear power installations — nuclear submarines, icebreaker ships, nuclear power stations. At first, the materials were not new, but simply
borrowed from other areas, mainly the thermal power industry. People understood that they would face
new requirements, such as neutron radiation, long
exposure, spent nuclear fuel, huge operating lives.
We understood all this, but at the starting stages we
had too little knowledge to solve these problems. For
example, the material used for the first nuclear submarine reactors was gun steel that was developed
back in the beginning of the previous century. And
up to this day, naval gun barrels are still made of it.
Of course, soon enough we realized that materials
from other fields don’t work here. And even the strongest steel used for gun barrels is not suitable for a
nuclear reactor. This launched the search for brand
new materials. The first steel that possessed necessary specific properties was developed here, at Prometheus.”
“What makes the requirements for nuclear field
materials unique?”
“This is a very important question! In fact, this is the
essence of nuclear materials science. Not a single area
of human activity sets requirements for materials as
specific as the nuclear industry does, especially for the
atomic reactor materials.

First of all, consider the neutron impact. Neutrons
bombard the material, knock out its atoms and deform
the lattice, causing certain damage. Simultaneously,
those neutrons that passed through the reactor’s lattice, modify the metal’s energy state, i.e. the excitation of its structure (this is not a scientific term, but
it is easier to understand) corresponds not to the real
temperature of the flowing process but to the temperature that is 200° C higher. Therefore, diffusion processes take place, the lattice gets damaged, and the
fine structure of the metal changes. This never happens in any other field of industry.
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Our goal is to create
materials with such high
stability of properties,
that being exposed to
all this serious activity,
they retain the required
functional properties and
not get destroyed during
the entire operating life
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but they undergo huge loads and temperatures. Shipbuilding also has high requirements to materials, despite the lack of high
temperatures — ships don’t flow in molten lead. But in shipbuilding there are very
tough requirements for resistance to cyclic exposure. What are waves? Waves are
cycles of loads on the material. And while
we are talking about tens of thousands of
cycles in the nuclear field, or hundreds of
thousands in aviation, shipbuilding deals
with billions of cycles. Here is an example. Let’s say we have a 5-mm defect in the
metal. After 10 thousand cycles, this defect
would grow, say, by 10 mm. In the reactor I
would probably not even notice this defect.
After all, what is a 5 mm defect? At the end
of operating life, it will grow to 6 mm. In the
aircraft industry, this defect would grow by
at least 1 mm for each 10 thousand cycles.
I can no longer ignore it, since in 100 thousand cycles it could reach 15 mm and affect
the structural integrity. But in shipbuilding, on oil platforms, and in engine building, due to huge numbers of cycles, the
initial 5 mm defect could lead to complete
structure disintegration and catastrophic
consequences. So these fields of technology have their own sets of measures taken
to avoid such phenomena.”

Horses for Courses

Doctor of technical sciences, professor G.P. Karzov
Second, the long operating life of the material. An
airplane can be replaced, while a nuclear reactor cannot. At first, the operating life requirements were
30 years. And of course, they flashed by like one year.
Now reactors’ operating life requirements are set at
60 to 80 years, and soon we will reach a hundred years
of operating life. Our goal is to create materials which
possess such high stability of properties, that being
exposed to all this serious activity, they retain the required functional properties and not get destroyed
during the entire operating life.”
“Are there any other areas of human activity that
would have similar requirements to materials?”
“There are areas where requirements to materials are very strict. For example, thermal power. Just
as with nuclear power, materials must be durable, resistant to high temperatures, but there is no neutron
radiation. Or let’s take aviation, especially if we talk
about engines: their operating lives are much shorter,
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“In the nuclear industry, structural materials perform various functions: some
are used in reactors, some work in accessory devices, and some deal with
spent fuel. How different are the requirements for these types of materials?”
“Strange but true: requirements for materials performing different functions differ just as much as the
need to differ. What’s acceptable for a nuclear fuel container is totally unacceptable for a nuclear reactor, because in the reactor the radiation level and the repeatability are higher — the operating environment differs.
If we consider the internal devices in the reactor itself,
the neutrons’ impact on the internal elements’ walls is
three orders of magnitude higher than the impact on
the wall of the reactor shell.
The range of proposed circumstances for various
structures determines our ‘relationship’ with the
material, with its creation, with its properties, and,
what’s more important, with analyzing its possible behavior.
Let’s consider the famous reactor W WER-1000.
In the area of its core, there is an internal structure element called a baff le. It accounts for up to
150– 180 DPA (number of displacements per atom —
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reactor it is less than 1 DPA. What does it mean?
It means that the nuclear reactor shell could be
made of high-tensile thick pearlitic steel, while
internal devices need stainless chromiumnickel steel, which behaves wonderfully in
the primary cooling circuit and is more resistance to neutron bombardment. But all of
a sudden, in 30 years, we started noticing
corrosion cracks in the stainless steel, despite the lack of oxygen in the primary cooling circuit. What could be the reason for corrosion destruction? How did it happen? This
way we approach the understanding of completely new mechanisms that cause damage.
The requirements of the nuclear power sector allow us to submerge into the sea of the unknown, and our objective is to outstrip the arising circumstances at least by one step, in order to
deal with them using scientific analysis. Much to our
regret, this is not always possible.
In addition to physical-chemical and strength
characteristics, the material also possesses a prop-

the measure of nuclear damage, the displacements of
the lattice structure atoms from their regular positions and translocation of atoms affected by the neutron radiation), but in the shell materials of a nuclear

What We Can Share:
Devices and Materials
Carbon-based composite materials.
Stabile isotopes that are widely used in industry and
medicine (boron-11 in microelectronics and carbon-14
in medicine).
New radionuclide-based materials (they have their
own specifics of development and usage in nuclear
medicine and radiation technologies; they appeared
solely due to the development of the nuclear industry).
Dozens of various complex alloyed steels and alloys
that were and are being used in various industry sectors.
Fault detectors with radioisotopes that find defects
in materials and products – pipelines, bridges, etc.
Devices with radioisotopes for studying the chemical composition of elements (they were used to determine the Moon and Mars soil composition; similar devices are being used by geologists to study ores
in hard-to-reach territories that lack electricity; using
neutronography (neutron beams) they study not just
materials’ structure, but ready complex products, for
example, assembled parts of automobile engines).
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erty called technological effectiveness. Let’s say, we
have some material with amazing strength and durability properties. But I cannot make a reactor out
of it, because I am unable to turn it into a large forging (a forged block of metal) of required size. I will
provide as an example the water-water fast reactor
with supercritical water parameters. Now we are facing a problem related to the SCP reactor — the water
temperature there reaches 600° C with pressure as
high as 220–240 atm. We need to create a huge vessel that could withstand all this. One of the solutions
is to ‘lock’ the high-temperature water inside the reactor volume in such a way that it does not reach the
shell boundaries. Then I could use approximately the same steel that I use for regular reactors. But
I could also go the other way. There is chrome steel
that contains 12% of chromium and which could easily provide me with the needed characteristics at the
temperature 570–600° C. But the problem is that
nobody in the whole world was able to obtain forgings from this steel weighing over 50 tons. And we
need 300 tons. It’s a terrific material, but there are
no technological opportunities for its use. So we get
a case of sour grapes here. Solving this problem is
one of the important goals of materials science for the
nearest future. Another crucial issue in terms of using materials for various tasks is the possibility of
obtaining the end product that would correspond to
the set goals. But this product consists of different
parts, which are usually joined together by welding.
Each part first needs to be manufactured. In the process of manufacturing, these parts undergo a set of
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t echnological operations, whereas the material must
withstand all these operations, including welding,
and not get destroyed.”

Evolution or Revolution?

“During half a century of the existence of nuclear
materials science, can you name any breakthrough
discoveries that brought dramatic changes?”
“The basic requirement of this field is the priority of safety. And safety is primarily determined by
the volume of knowledge on the material or the subject that we deal with and use. So it would be impossible in the nuclear power industry to just sit down,
close your eyes, and think of some brand new material with unique properties — it would not conform
to safety standards. This is why in this area the goal
to develop something new and previously unknown
to mankind breaks apart against the requirements
for safety and operation reliability. This is on the one
hand.
On the other hand, we constantly face new objectives: for example, to create a space nuclear reactor.
Such an object, besides the reactor itself, also consists of a turbine. In the process of operation, the
turbine gets subjected to ultrahigh temperatures.
To avoid its destruction, the heat must be removed.
But there is simply no heat-removal environment in
space. We could follow the structural path — make
the structure more complicated, creating artificial
heat removal. But what if we use heat-resistance materials, such as ceramics? This material can withstand 1300–1400° C. But the existing types of ceramics could get destroyed by neutron radiation. Besides,
the material itself is quite fragile. That means that we
need to expand the spectrum of ceramics application,
solve the problem of creating a new material — ceramics that would be radiation-resistant, more ductile, and capable of withstanding high temperatures.
And whoever first creates such material will become
the leader in this area. One of the ‘side effects’ of such

an invention would be the possibility
to use this ceramics in various technological production processes in the
areas unrelated to the atomic sector.
This would be a breakthrough. And
I really hope that the next generation will be successful. My dream is
to make a ceramic turbine for a space
nuclear engine and create a composite or a ceramic shell for a gas nuclear reactor.
Unfortunately, our country takes a
too pragmatic position when talking
about allocating finances for fundamental science, which makes it difficult to keep up with our competitors
in America, France, and Japan.
But generally speaking, materials science is an evolutionary science
rather than revolutionary.”
“So the process is directed not at
discovering something new, but at
perfecting whatever already exists
and is being used?”
“Not quite. After all, evolution of any
field of technology is impossible without creating something new, including
materials. It’s just that in the nuclear power sector, due to the dominant
requirement of providing work safety, the appearance of something new
is impossible without deep generalization and analysis of what has already
been done.
For example, in 2013, we (Y. Shtrombakh, A.Dub, and myself) received the
State Prize of the Russian Federation in
science for creating a new class of highly radiation-resistant materials for nuclear reactor shells and methods of extending their operating lives. In fact, we have
created new steel. But if we look closer, this steel became the result of development of the entire cycle of

Unfortunately, our
country takes a too
pragmatic position when
talking about allocating
finances for fundamental
science, which makes it
difficult to keep up with
our competitors
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Personality
Georgiy Pavlovich Karzov
Doctor of technical sciences, professor.
Assistant director of the Central Scientific and Research Institute of Construction Materials (Prometheus), head of the scientific and production complex “Materials and Safety Issues in Power Installations.”
Born in the city of Vyksa, Nizhniy Novgorod (formerly — Gorkiy) Province.
In 1961, graduated from Leningrad Polytechnic Institute; since then works at Prometheus.
Laureate of the State Prize of the USSR, Honored Scientist of the Russian Federation; awarded the Order of
Friendship.
Laureate of the State Prize in Science and Technology in 2012 — received the prize jointly with Y.I. Shtrombakh and A.V. Dub for creating a new class of materials
for nuclear reactors.
USSR Master of Sports in sailing.
research, starting in 1953. All this time we were perfecting materials, acquiring new knowledge, data, parameters. This is a long-term cycle of research work.
The appearance of a new material is the top of a pyramid, while its foundation was laid by tens or even
hundreds of materials and components that our scientists invented and obtained during the previous
60 years.
Notably, it’s a whole other issue that the new material has the best index of radiation resistance, strength
at large sections, stability during lengthy thermal exposures, and other parameters, which open up new
opportunities for us and allow us to answer new challenges. But without the fundamental and practical
base we would not be able to obtain anything today.
During the award presentation ceremony, I even quoted Newton, ‘We stood upon the shoulders of giants!’
Our product is based on the work of three generations of researchers, engineers, test operators. And if
it weren’t for these generations, we would not achieve
any breakthrough result.
Of course, we strive for a revolutionary leap, but evolution was, is, and will be our dominant idea.”
“Do these achievements of nuclear materials science have any application in everyday life? Or in
industry?”
“Of course. The development of information technologies and public access to information make it possible to use the achievements of nuclear industry in various areas and fields. But it still is not that simple. You
need to be able to and have the opportunity to apply
the new knowledge, because there are always technological difficulties.
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Here is an illustrative example: our chromium-molybdenum-vanadium steel for nuclear reactors is now
being used in nearly all petrochemical reactors. It is
being used to make vessels for hydrocracking reactors. We first created titanium as structural material,
and now it is being used virtually everywhere. There
are many other similar examples.
One could say that we are repaying our debts, because at first, the nuclear power industry borrowed
materials from other industry sectors, and now it provides solutions and materials for those industries.”
“Rosatom is the leader in nuclear materials science. Is the corporation capable of maintaining
this leadership? Is any sort of cooperation possible
to reinforce its position?”
“Firstly, Rosatom is the largest consumer of complex
composite materials. But by no means are all materials created in the nuclear field. They often get developed on the initiative of the nuclear industry in other
areas, particularly in our Prometheus Institute, and
it is very important that the Rosatom bureaucrats understand the benefit and the necessity of such contacts for the efficient development of the nuclear field
and not block, but fully support them.
Secondly, I must emphasize that historically the nuclear sector has produced a totally new way of collective thinking, which was laid down by the founding fathers of this field. And if this level remains in the future (and so far it does), then we will always be leaders,
particularly in materials science.”

Interview by Victor Friedman

Our product is based
on the work of three
generations of researchers,
engineers, test operators.
And if it weren’t for these
generations, we would not
achieve any breakthrough
result.
Of course, we strive for
a revolutionary leap, but
evolution was, is, and will
be our dominant idea
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Rosatom’s
Prospect Projects
New-generation nuclear fuel
At present time, Rosatom is developing two types
of nuclear fuel for fast nuclear reactors — compact
mixed uranium-plutonium fuel (UPu)N and mixed
uranium-plutonium oxide fuel (MOX-fuel).
Other prospective areas are compact metallic alloyed nuclear fuel and microspherical fuel. Metallic alloyed fuel looks promising for use in research
nuclear reactors with low enrichment on uranium-235. Rosatom’s organizations also have their
own original projects, and prototypes are already
being shipped to research nuclear reactors in Kazakhstan. There are also confirmed data concerning the possibility and efficiency of using uranium
alloys, plutonium and zirconium in the research
fast nuclear reactor MBIR with sodium coolant,
which is planned for launch in 2020. The main advantages of this type of fuel is ease of production
and accumulated positive operation experience of
high fuel burnup up to 20% (the nominal oxide fuel burnup in the BN-600 reactor does not exceed
11%). In metallic fuel, it’s better to use minor actinides for burnup. The start of their production is
expected in the nearest decade, and it should replace the products that use radioisotopes of plutonium-239 and strontium-90.
Experiments also confirmed the possibility of efficient use of microspherical nuclear fuel (TRISO
type) in nuclear reactors with water coolant, thus
excluding zirconium from fuel arrays and avoiding
vapor-zirconium reaction with hydrogen emission
during emergency situations. This effect is related to all accidents at NPPs — from the Three Mile
Island to Chernobyl and Fukushima. Wide use of
these technologies would require a fundamental
review of the structure of all thermal-neutron nuclear reactors, but the probability of developments
in this direction is quite high and could be implemented by years 2030–2040.
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Construction materials
In Rosatom, efforts are underway to create new
construction materials. The goal is to develop by
2020– 2025 steels and alloys that provide reliable
operation of reactor core elements, up to the damaging dosages of 200 displacements per atom (DPA),
which is twice as higher than currently used for the
elements in the cores of the fast nuclear reactor BN600. The materials that would operate and be subjected to the damaging 400 DPA are now being tested in the Russian fast reactor BOR-60. The tests are
scheduled to continue in the new reactor MBIR that
is currently under construction. One of the most
promising areas of research is the development of
composite materials based on SiC-SiC for all types
of nuclear reactors, because it is expected that its
operational parameters would provide reliable operation of core elements with a very wide range of
coolants, temperatures, and damaging dozes.
Rosatom developed a whole new class of absorbing
materials based on oxides of rare-earth and highmelt elements with disordered fluorite structure.
These materials have unlimited radiation resistance,
don’t change their volume, shape, or size at damaging dozes over 200 DPA.
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