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Preface
The following pages represent Bellona's fourth report
on sources of radioactive contamination within Russia,
and on Russian nuclear politics as a whole. Unlike the
three previous reports (which focused on contamination sources in Northwest Russia), this report has as its
focus the broader scale of Russia's nuclear industry, and
the virtually unchecked power it has managed to maintain
since 1949 with the explosion of the first Soviet atom
bomb. For decades, the Russian nuclear industry, in its
various guises as the PGU, Minsredmash, the Ministry of
Atomic Energy (Minatom), and now the somewhat weakened Rosatom, has managed to maintain a position as a
"supra-ministry," its budgets and projects shrouded in
secrecy, its preferential treatment among other Ministry's
guaranteed by the Cold War.This war-like footing on which
the Russian nuclear industry has always been able to place
itself has also helped it whittle away at whatever independent nuclear regulation there has been in Russia.
Now those years are waning and the once well funded
nuclear industry is in a shambles. As a pragmatic nongovernmental organisation, Bellona is searching for solutions to stem the potential hazards posed by the decay of
Russia's nuclear industry while at the same time ensuring
that organisations and governments who are funding
nuclear remediation projects in Russia are not simply
bolstering the industry's further existence.
Environmentally speaking, almost all of the industry's institutions, enterprises, nuclear power plants, radioactive waste
handling facilities, military installations and laboratories
pose potential grave health risks to those who live in surrounding areas and irreversible hazards to the environment. This report will not only expose this information,
which has been culled from both Russian and western
open sources, but will set out suggestions that will help
dampen these nuclear dangers to the population of
Russian and, indeed, the world.
It remains unclear what power the new Rosatom, formed
in summer 2004, will have, and most analysis indicated that
it will not be as all pervasive as its parent organization,
Minatom. It also remains unclear what sort of power the
new nuclear regulatory agency in Russia, which replaced
Gozatomnazor (GAN) after the shake-up in spring-summer 2004. But it is Bellona's hope that the resultant organization will guarantee the safe operation of Russia's

nuclear industry and the mandate of independence that
both Russian citizens are entitled to and that western
donors to nuclear remediation projects require.
It is also Bellona's hope that this report will find its way into
the hands of officials, both in Russia and in the west, who
will take its contents not as criticism, but rather as a set
of suggestions and a necessary reference so that they may
better solve the problems posed by Russia's nuclear
industry in its currently ailing state. Bellona's three previous
reports on the nuclear challenges in Russia have gained
the status of required reading and have been extensively
used by top government official and other decisionmakers. It is our hope that this report will achieve the
same prominence.
Beyond officialdom, we hope this report will find its way
into the hands of concerned citizens in all concerned
countries -- citizens who ultimately have the power to
pressure their Russian State Duma representatives, and
their counterparts in the United States Congress and
the European Union, to take swift and unified action to
help clean up, enterprise by enterprise, those elements
of the Russian nuclear industry that are now endangering
the lives of generations to come. In this regard, nongovernmental civic society plays the most important role
in providing guidance to leaders about what the environmental priorities truly are.This leads to public discussion,
which, in its turn, leads to new solutions that the involved
governments may not yet have considered.
In order that this report be as widely-available as possible,
it will be redesigned for publication in a web-friendly format
in Russian and English on our web site at www.Bellona.org.
Updates will track developments in the issues described
in the report in order that decision-makers and the general public have the latest information at their disposal. It is
important to protest the legacy left by Russia's nuclear
industry, but it is equally important to propose projects
aimed at stirring public discourse aimed at preventing
future contamination and potential hazards that arise
from the enterprises of the Russian nuclear industry.
Though our offices in Oslo, Murmansk, St. Petersburg,
and Brussels, as well as our assosiates in Moscow, and
Washington, D.C., we have worked to establish contacts and
foster mutual understanding between Russia, European

7

and American authorities and corporations. Via these
means, we hope to promote the notion that only strong,
well coordinated international action can advance the
cause of a safer Russian nuclear industry.
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Introduction
The Goal of This Report
The goal of this report is to present and analyse new
developments in the Russian military and civilian nuclear
complexes based on open sources and independent
research. The report also seeks to guide policy makers
and nuclear authorities to solutions based on sound,
objective reasoning founded on our information. We
also hope to inform general readers about the hazards
the world faces as a result of the Cold War legacy, and
how these threats are being addressed.
Access to Information
When studying and analysing the work of the Russian
nuclear industry, one must bear in mind that it has gone
through several permutations, starting out as the First
Chief Directorate, expanding the Ministry of Medium
Machine-Engineering (Minsredmash), which was the most
important sub-departments of the Soviet military-industrial complex, later to the Ministry of Atomic Energy
(Minatom), and now to the Rosatom agency. The industry's main purpose was to produce material for Soviet
nuclear weapons. As in any country, secrecy surrounding
the military is understandable. But in the Former Soviet
Union (FSU) this secrecy was pathological in nature and
was a restriction on the work of the sphere's own specialists in their efforts to increase the efficiency and safety
of the nuclear industry.
As in other countries, most notably the United States,
the pursuit of nuclear weaponry came to include the
pursuit of nuclear energy, which also remained shrouded
in secrecy. The lack of information in the civilian nuclear
energy sector, though, is characterised not so much by a
total information black-out -- as the Russian Ministry of
Defence and the nuclear industry would have it with
their military installations -- as it is by the omission of
substantive public discussion on the decrepitude of many
of Russia's energy producing reactors and the lack of
space for dealing with Russia's ever-mounting quantity of
spent nuclear fuel (SNF) and radioactive waste.
The cult of secrecy surrounding the Soviet nuclear
industry relaxed somewhat after the 1986 Chernobyl
disaster, but still remained tight. The subsequent sinking
to the Komsomolets nuclear powered submarine in 1989
drew the attention of the whole world to the Soviet
nuclear legacy. Information started to slip through the iron
curtain about nuclear testing on Novaya Zemlya in the
Arctic and dumping at sea of radioactive waste by the
USSR, but it was scarce, based on undocumented rumours.
The collapse of the USSR ushered in about an openness
about the industry from the Russian authorities, who
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were more forthcoming with foreign governments and
NGOs wishing to aid the Former Soviet Union (FSU) in
securing its vast nuclear arsenal and dealing with its environmental consequences.
More information meant an outpouring of international
resources to secure the remnants of the Soviet Cold
War nuclear machine. The outside world's first glimpse
into this secret society confirmed that the consequences
were, indeed, catastrophic, and would only grow worse
if they were ignored.
This openness peaked in 1994, and foreign programmes
like the U.S. Cooperative Threat Reduction (CTR) initiative had unprecedented access to Russian military sites,
and newly-sprouted NGOs were able to work, if not in
partnership, then at least in conditions of détente, with
nuclear authorities (see chapter 2 for full information on
foreign nuclear remediation aid projects). Researchers
possessed previously unheard-of latitude to study and
write on the environmental and security hazards facing
the former Soviet Union's military and civilian nuclear
complexes.
But the era of openness was short lived.The Russian state
felt there were too many hands meddling in it nuclear
safety issues without government mandate. Unaccustomed
to open discussion, the Kremlin saw the new programmes and the open flow of information as running out of
control. The Russian Security Police (FSB) -- the KGB's
successor organization -- was called in to show who was
boss: the Russian state.
Access restrictions at nuclear sites being assisted by CTR
and other bilateral threat reduction programmes from the
West began to surface with more frequency, and major
clamp-downs on NGOs that were investigating sources of
radioactive contamination and proposing solutions became
the norm.The 1996 arrest on treason charges of Alexander
Nikitin, a former naval officer and environmentalists who
had contributed information from open sources to an
earlier Bellona Foundation report on Russia's Northern
nuclear Fleet made the FSB's point that not all were allowed to take part in this work loud an clear.
With the ascent of Vladimir Putin, a former KGB Colonel,
to Russia's presidency in 2000, the screws on information
where tightened even further.The approach was, however,
more cunning than that of Putin's predecessor administration. Unlike former President Boris Yeltsin, the current
administration knows the value of public relations -- and
how they can be manipulated. It was a lesson taught to
them during the Kursk tragedy of 2000. Information about

the disaster was released in volumes, but the majority of it
was either half-truths or blatant lies. It was again becoming
very difficult to get a clear picture of Russia's nuclear
landscape.
A distinct policy of sweeping away unwanted participants
was defined as well. In his 2004 State of the Union address,
Putin arguably declared war on internationally-funded
NGOs, accusing them of being financed by criminal
structures -- the so-called oligarchs living in self-imposed
exile, and foreign governments who "are working contrary
to the interests of the Russian state." It is reasonable to
assume that the already deteriorating structure of obtaining independent information will worsen, if not dry up
altogether.
The Chapters
Through analysis of open material, we were able to compile a detailed history and compendium of information
on the most important components of Russia's civilian
and military nuclear complex. We have isolated the
essence of its problematic structure and operation, and
drawn conclusions about its future ambitions. We have
also made recommendations here about what should
be done toward resolving the damage Russia's nuclear
industry has caused the environment, and what can be
done to contain the industry's hazards in the future. The
chapters are arranged in such a way that they can be
read individually, for the reader who has interest in one
specific topic, as well as from start to finish, for those
who would prefer to read the report in book form.
Chapter 1. A Brief History of the Russian
Nuclear Industry
This covers the history of the Russian nuclear industry
from its inception as the First Chief Directorate (PGU)
to its current incarnation as Rosatom. The chapter gives
an overview of how the PGU was formed for the purposes of giving the USSR the atomic bomb. It charts the
mammoth effort that was poured into the creation of
the PGU -- even as the country was being ravaged by
World War II. The PGU gave way to its successor organization, the purposefully misleadingly named Minsredmash,
the Russian abbreviation for the Ministry of Mid-Level
Machine Engineering -- quite the opposite of what was
happening within its halls.Then came the heady years of
Minsredmash's successor, Minatom, and its almost unchecked control over all stages of the nuclear fuel cycle,
its 10 weapons producing nuclear facilities, and its
marginalization through legislation of Gozatomnadzor
(GAN) -- as Russia's nuclear regulatory establishment
was then called.The chapter also gives a glimpse of what
is left of Minatom after the reform of spring-summer

2004, which is the agency now known as Rosatom. The
Chapter also gives preliminary analyses of the former
GAN's standing in the current bureaucracy.
Chapter 2.The Nuclear Fuel Cycle
Chapter two is the most comprehensively technical
chapter in the report, following the entire Russian nuclear
fuel cycle from its uranium mines, to the enrichment of
that uranium into fuel or weapons grade materials, and
descriptions of the facilities where these activities are
performed. It then follows the uranium as it is turned into
nuclear fuel, burned in reactors, then stored as spent
nuclear fuel (SNF), and, in applicable cases, reprocessed
to recover reactor-grade plutonium for future use. Russia
is in the throes of a serious pile-up of SNF, and neither
Russia, nor any other country in the world, has produced
an adequate method for storing SNF for the long term.
Most often, nuclear power plants are simply forced to
find storage space for SNF on site.
Of special interest in this chapter is its comprehensive
description of the Mayak Chemical Combine, and the
facility's seemingly insurmountable problems of radioactive contamination, both within the facility and via water
sources into which the Combine dumps radioactive waste,
spreading contamination through rivers and tributaries
as far as the Arctic Ocean. This chapter also investigates
in detail the history and breadth of operations in the
closed nuclear cities of Seversk and Zheleznogorsk.
Both cities operate Russia's last three weapons-grade
production reactors -- two in Seversk and one in
Zheleznogorsk -- which, with the help of U.S. funding, will
be shut down (see Chapter 3). It also explores the contributions of the remaining closed cities and Minatom
enterprises to the Russian civilian and military nuclear
effort, both past and present.
At each juncture in the fuel cycle arise several environmentally hazardous problems, and the chapter seeks to
describe and analyse each nuclear industry enterprise
involved in these various fuel cycle undertakings, and to
bring to light the environmental dangers associated with
each process and each enterprise.
Also examined in this chapter are various incident and
accidents related to each of the sites described, as well
as comprehensive analyses of the physical protection
each of the nuclear industry's enterprises has against
would-be nuclear thieves and terrorists.
Chapter 3. International and Russian Programmes
Since the fall of the Soviet Union, billions in foreign and
domestic funding have been poured into cooperatively
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downsizing Russia's nuclear arsenal -- with varying degrees
of success and speed. Primary among these programmes
has been the Pentagon-run Cooperative Threat Reduction,
or CTR, programme, which saw the danger of nuclear
weapons scattered throughout the newly-free republics
of the FSU and fought to consolidate them in Russia. From
there, the United States and Russia embarked on an effort
to destroy those nuclear weapons that posed a strategic
threat to the United States. The U.S. Departments of
Energy (DOE) and State have also lent to the threat
reduction efforts for a combined average total of some
$1 billion to $1.3 billion in nuclear remediation aid from
Washington per year.
The focus of these efforts is on dismantling nuclear missiles and ballistic missile submarines, shutting down Russia's
remaining plutonium production reactors, employing
out-of-work Russian weapons scientists and boosting
security throughout Russia's military nuclear complex.
Early U.S. threat reduction plans also included the construction of the Mayak Fissile Materials Storage Facility
(FMSF), which is meant to house 25 tonnes of weaponsgrade plutonium that has been removed from nuclear
warheads.
Other plutonium control efforts assisted by the U.S.
Government include the U.S. Department of Energy
(DOE) U.S.-Russia Plutonium Disposition Agreement of
2000.This plan has faced several delays and had been on
the agenda of both nations since the mid 1990s prior to
the signing of the actual 2000 agreement.The agreement
stipulates that both countries will, in parallel progress, dispose of 34 tonnes of excess weapons-grade plutonium.
This chapter also describes the working of the HEULEU Agreement between the United States and Russia.
In July, 1993, the two countries signed a 20-year, multi billion agreement to down-blend, or dilute, 500 metric
tonnes of highly enriched uranium (HEU) taken from
dismantled Russian nuclear warheads into low-enriched
uranium (LEU) fuel for use in U.S. commercial nuclear
power plants.The multi-step process, from removing the
HEU from warheads to its arrival at the United States
Enrichment Corporation (USEC), one of the world's largest suppliers of reactor fuel, is fully described.
Chapter 3 also discusses the benefits and pitfalls of the
2001 Group of Eight industrialized nations Global
Partnership plan, which pledged $20 billion in nuclear
remediation support to Russia over the next 10 years.
After the G-8 made its initial pledge at its Kananaskis,
Canada summit, support among member countries began
to flag in the absence of a codified plan for bi- and multi-
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lateral agreements with Russia for nuclear dismantlement
and environmental clean up plans.
The pledging nations, plus many other governments in
Europe, regained momentum with the signing of the
Multilateral Nuclear Environmental Programme in the
Russian Federation (MNEPR) accord, which provides for
more precise guidelines between Moscow and potential
donors to nuclear clean up programmes in Russia.
Chapter 4. The Economy of the Russian
Nuclear Industry
From its inception, how much money the Russian nuclear
industry takes in and how much it spends has been a
tightly guarded secret, and the difference between the
nuclear industry's stated and real budget is vast, creating
fertile territory for misspending. In this chapter, the authors of the present report deduce approximate amounts
for the nuclear industry's income and expenditures from
published figures and data on international purchases and
donations.These international purchases mainly concern
sales made by Russia's Minatom-affiliated fuel giant TVEL,
and exports made by Tekhsnabexport (Tenex), Russia's fuel
exporting concern. Figures are also available on Minatom's
foreign reactor construction projects -- via Minatom's
foreign construction wing, Atomstroiproekt -- in Iran,
India, China and other countries. Russia's sales of downblended highly enriched uranium to the United States,
which uses it as reactor fuel, are also well known figures.
There is also a modest and publicly available income
associated with Russia's import of SNF from foreign
countries -- all of it exclusively from former Soviet Block
countries that operate Soviet built reactors.
Pinning down the Russian nuclear industry's budget allocation from the Government proved a more difficult
process and had to be extrapolated from various open
sources such as newspapers, industry publications, statements from several of the industry's enterprises, reports
published by Russia's independent Presidential Audit
Chamber, publications from Western NGOs, and nonclassified Russian government document archives.
Weighing these figured, we were able to fix the Russian
nuclear industry's approximate yearly income and expenditure figures for Russia's nuclear industry. The industry
is ever more dependent on foreign aid foreign nuclear
projects, yet only grudgingly gives up on the notion of a
thriving future of SNF imports and a revival of its reprocessing industry, which would, by all accounts, take 30 years
or more to invigorate in terms of equipment alone.

The final part of this chapter deals with the economy of
Russian nuclear power plants, concluding that they survive on "free" Cold War uranium and on the exclusion
of appropriate electricity tariffs that would give the
nuclear industry the funding it needs for the proper
handling of spent nuclear fuel and radioactive waste.
Chapter 5. Conclusions
The conclusions to this report are drawn from the idea
that Russia needs to comprehensively re-evaluate the
nuclear policies, in particular the closed nuclear fuel cycle,
that it inherited from the Soviet Union. We also wish to
highlight how Russia's dilapidated nuclear infrastructure
feeds on the funding of both Russian and international
nuclear remediation programmes to keep itself afloat.
Russia's nuclear industry is currently fuelled by highly
enriched uranium left over from Cold War stockpiles.
About a quarter of this uranium is committed to the
U.S.-Russia HEU-LEU agreement, but the rest remains a
source of free fuel to keep Russia's reactors running. But
the nuclear industry understands that this essentially free
fuel source is finite -- most uranium mining was done in
the former republics of the Soviet Union. As a result, one
plan actively being pursued by Russian nuclear industry
is a closed nuclear fuel cycle based on plutonium breeder
reactors -- which present technological problems and
unacceptable proliferation and environmental risks. But
Russian legislation allowing for the import of SNF provides
a good source of reactor grade uranium for such breeder
reactors if they are ever realized.
That such a costly and technologically uncertain programme is even being pursued points to other flaws,
namely those surrounding the politics of the nuclear
industry. Instead of putting such issues as SNF import and
breeder reactors up for discussion among independent
experts and the general public -- who will ultimately
bear the cost of these notions -- decisions are made in
the narrowest of circles by those who have the president's ear.
Though the authors of this report agree that international and domestic programmes geared toward securing
Russia's nuclear industry are well intentioned and have
made great progress, many unfortunately and unwittingly contribute to the perpetuation of Russia's nuclear
industry and nuclear fuel cycle in its current form

• Risk assessments that will be carried out by independent experts before nuclear remediation projects are
even begun;
• A truly independent nuclear regulatory organisation
with the mandate and authority to carry out independent assessments of Russia's nuclear activities;
• Transparency for all nuclear remediation projects
including open expert discussions, including experts
from non-governmental organisations, of projects to
be undertaken;
• International coordination oversight to account for
enormous sums of money that have been pledged
for nuclear remediation projects as well as to establish
what are the most important nuclear hazards that need
to be addressed;
• Audits provided on a full and regular basis to donor
countries both while projects are underway and when
they are completed;
• A restructuring of Russia's own internal nuclear remediation programmes so that cash is accounted for and
spent on those goals for which it was earmarked, thus
replacing the currently opaque and slippery allocation
process;
• A Russian federal master plan for nuclear remediation
in which the Russian state outlines and prioritises its
own nuclear remediation goals.
As a final note, the authors of this report would like to say
that the facts and analyses contained in the pages that
follow are not an attempt to simply cast barbs at Russia's
nuclear industry, as that industry has often enough accused Bellona of doing. Rather the reader should bear in
mind that when Russia's nuclear industry is painted in a
less than flattering light, it is for the purposes of suggesting
our own solutions to righting the industry's inherently
unsafe practices and to invite experts from around the
world as well as those experts within Russia's nuclear
industry itself to take part in the discussion about how
to better the situation.With this report, we hope to take
a step toward persuading Russia and the international
community that such would be the best option for the
environment and security of the planet.

To combat these problems, Bellona has assembled in the
concluding chapter to this report an action plan. This
action plan includes several elements. Broad described,
they include:
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116 nuclear powered submarines taken out of service, 58
submarines dismantled, 36 submarines with spent nuclear fuel
onboard;
Around 20 submarines officially in operation;
Around 23,000 spent nuclear fuel assemblies stored in
Andreeva Bay and Gremikha former bases and onboard
service ships;
Solid and liquid radioactive waste;
Around 60 reactor sections stored afloat in Sayda Bay;
Laid up and semi-operational service ships for refuelling
operations (7 ships) and tankers for transport of liquid radioactive waste (7 ships);
Nuclear weapons;
Storage facilities for fresh nuclear fuel.

The Northern Fleet

Two weapons-grade plutonium reactors in operation;
Three military reactors shutdown;
Weapons-grade plutonium reprocessing facility;
Storage of highly and low enriched uranium;
Storage of reprocessed plutonium;
Storage of plutonium extracted from nuclear weapons;
Other nuclear materials in storage facilities;
Liquid radioactive waste -- from 15m TBq to 33m TBq (40.3m
cubic metres);
Liquid radioactive waste are either injected into underground
aquifers or dumped into artificial bodies of water;
Storage of uranium hexafluoride tailings.

One weapons-grade plutonium reactor in operation;
Two military reactors shutdown;
Weapons-grade plutonium reprocessing facility;
Storage of reprocessed plutonium;
6,000 tonne pool-type storage for VVER-1000 reactor type
spent nuclear fuel, now 60% full;
17m TBq of radioactive waste accumulated during the history,
in addition 26m TBq pumped down in underground aquifers;
Liquid radioactive waste are either injected into underground
aquifers or dumped into artificial bodies of water.

Around 30 uranium ore deposits located in four regions;
158 million tonnes of solid radioactive waste (uranium mining
tailings).
At least 5 plants are engaged in uranium enrichment and
nuclear fuel fabrication;
Storage of solid and liquid radioactive waste;
Storage of low and highly enriched uranium.

Seversk

Zheleznogorsk

Uranium mining

Reactor grade plutonium: at least 30 tonnes;
Weapons grade plutonium: at least 100 tonnes;
Highly enriched uranium: at least 1200 tonnes;
Spent nuclear fuel: more than 15,000 tonnes (uranium);
Solid radioactive waste: 177m tonnes (158m tonnes are tailings);
Liquid radioactive waste: 500m cubic metres;
Radioisotope Thermoelectric Generators: around 1000 across Russia.

Approximate total in Russia:

Table 1

Enrichment/Nuclear fuel
industry

13 reactors in operation;
Onsite spent nuclear fuel facilities more than 50% full.

Research reactors

Spent nuclear fuel and radioactive waste dumped in the Barents
and Kara Sea in the Arctic and in the Sea of Japan in the Far East.

Nuclear dumping

Table 1

Around 1000 Radioisotope Thermoelectric Generators
(RTGs) in Russia. All exhausted their life span. Most of RTGs
are located along the Russian Arctic coast. 132 lighthouses on
the coast of Northwest Russia.

RTGs

76 nuclear powered submarines taken out of service, 33
submarines dismantled, 35 submarines with spent nuclear fuel
onboard;
Around 20 submarines in operation;
Unknown amount of spent nuclear fuel in the onshore bases;
Laid up and semi-operational service ships for refuelling
operations (5 ships) and tankers for transport of liquid waste
(5 ships);
Nuclear weapons;
Storage facilities for fresh nuclear fuel.

10 nuclear power plants, 30 reactor units: 8 VVER-1000, 11
RBMK-1000, 6 VVER-440, 4 EGP-6, 1 BN-600;
4 VVER-440, 2 RBMK-1000 and 3 EGP-6 have their life span
expired, but will continue to operate;
Spent nuclear fuel is commonly stored in the onsite storage
facilities, around 15,000 tonnes of spent nuclear fuel uranium
is accumulated, the major part of it is RBMK type fuel which
cannot be reprocessed.

Two military reactors in operation;
Five military reactors shutdown;
Spent nuclear fuel -- at least 560 tonnes (uranium);
Reactor grade plutonium -- at least 30 tonnes;
Storage of weapons-grade plutonium;
Storage of highly enriched uranium;
Other nuclear materials in storage facilities;
RT-1 reprocessing plant;
Solid radioactive waste -- 8.3m TBq, 500,000 tonnes;
Liquid radioactive waste -- 33m TBq;
Dumping of radioactive waste into natural and artificial bodies
of water.

The Pacific Fleet

Nuclear environmental and non-proliferation risks overview
NPPs

Nuclear environmental and non-proliferation risks overview

Mayak
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Chapter 1
A Brief History
of the Russian
Nuclear Industry

A Brief History of
the Russian Nuclear Industry
Soviet history is replete with government enterprises that
were built on the bones of generations, and Russian
nuclear industry is no exception.The legacy of the mammoth projects of the past is haunting Russia's current
nuclear industry and can claim countless more victims within this generation, and those to come-unless radical
change is effected.
During the past decade, after the collapse of the Soviet
Union, the nuclear industry has been slow to reform.The
Ministry for Atomic Energy, or Minatom, was still managing
the vast and in many cases unnecessary infrastructure of
the nuclear weapons Cold War industry, which has enormous environmental problems and not lesser economic
challenges.
Change has only been effected in 2004 with the restructuring of Russian governmental institutions. Minatom was
downsized to become an agency with very little policy
making privileges, and was renamed Rosatom.
The reform of the bureaucracy has been accomplished,
and it remains to see how it will effect the reform of the
infrastructure, which is much harder task.
Indeed, from the very beginning, the Soviet and later
Russian nuclear industry has enjoyed the privilege of
unaccountability and the protection of the dreaded
People's Commissariat of Internal Affairs, or NKVD, later
the KGB, and most recently their successor, the Federal
Security Service, or FSB.The level of state significance the
nuclear industry was assigned -- and its concomitant
shroud of secrecy -- is reflected by the variety of names
by which it used to be known. Indeed, until 1986, the ministry wasn't even called Minatom. In 1945 the enterprise
was obscurely known as The First Chief Directorate
(PGU in its Russian abbreviation), until the PGU's various
enterprises were united in 1953 under the even more
obscurely named Minsredmash, the Russian abbreviation
for the Ministry for Medium-Level Machine Engineering.
Even today, the nuclear industry's budget-save for some
elements regarding its participation in international fuel
trade and reactor building-remains a state secret.
It is worth noting that the massive scale of the nuclear
industry is the result of nothing less than a war-time push
to achieve atomic superiority. From this sprang the Russian
civilian nuclear power industry, institute upon institute of
nuclear study, and the vast landscape of the nuclear
industry's closed cities.

20

1.1.The Push for the Soviet Bomb
In the early 1940s, the push to develop the Soviet nuclear
bomb under Joseph Stalin became "Goal No. 1." All other
national interests were subordinated to it: Money and
resources and human lives were wantonly squandered.
Millions of specialists from a wide variety of fields - with
the exception of the elite scientists who guided the
research - were more or less press-ganged into the production of nuclear technologies. Specialists in geologic
exploration, geologic chemistry, metallurgy, mine production and processing industries were all forced into the
nuclear march.
The NKVD supplied the largest and cheapest labour
force, and enforced discipline. Several hundred thousand
of its political and other prisoners were herded from
their cells to toil in uranium mines.These prisoners were
indeed a never-ending work force. Forgotten by society,
unaccounted for by the state, they were essentially considered gone for good from the moment of their arrest,
and when a thousand dropped dead, another thousand
were shipped in by the NKVD to take their places.
The organisation of other participants in the nuclear
epoch differed little. Scientists -- mostly political prisoners
of the Stalin regime -- from Siberia's vast Gulag system
were put to work in the immense network of what came
to be known as of the "closed cities," secret research
centres that were often denoted only by a number.
The development of the Soviet bomb was also considerably hastened by NKVD, and later, KGB intelligence from
abroad -- so much so that even today, historians argue
over who should be credited with procuring the Soviet
bomb, spies or scientists.
1.1.1. The Science and the Scientists
The history of Minsredmash, and later Minatom and
Rosatom, dates back to the 1920s when the young Soviet
Union began, under the scientific leadership of Vladimir
Vernadsky, to explore the atomic nucleus. Such research was
the international vogue at the time in the wake of Marie
Curie's experiments in France, and similar work then
underway in England under the guidance of Cambridge
University's Ernest Rutherford.The Soviet Union started
with a programme called the "Uranium Project," which
soon became the buzz at all of Russia's most prestigious
research institutes. In St. Petersburg, then known as
Petrograd, the Radium Research Institute, or RIAN, headed
by Vernadsky, was created specifically to explore this field.
RIAN led the Soviet Union in researching uranium

Mikail Pervukhin

Igor Kurchatov

enrichment, radium separation, and the production of isotopes. Other physics research institutes in St. Petersburg
and Ukraine were engaged in the same experiments.

able only to elaborate on the theoretical predictions of
their colleagues from abroad, which were readily supplied
by the NKVD.

During this fertile period, the Uranium Commission
under the direction of Vitaly Khlopin was formed within
the USSR Academy of Sciences.The academy's directors
and the first generation of Soviet leaders were keeping
a close eye on developments in the new nuclear field.

When the Nazis invaded the Soviet Union, it became
impossible to carry out the Uranium Project on the scale
specified in the USSR Academy of Sciences' decree and
all energy was shifted to developing uranium for military
use. As the Soviet Union saw it, the rapid reorganisation
of the Uranium Project was a matter of deterrence, given
the advanced and powerful nuclear developments in
Western countries.

By October 1940, the USSR Academy of Sciences issued
a decree approving a multilateral plan for the Uranium
Commission.The decree was issued a mere eight months
before Nazi Germany began World War Two by attacking
Poland and then invading the USSR, thus beginning the
Great Patriotic War. According to the Academy of
Sciences decree, the Commission's work would include:
developing methods of uranium isotope separation and
construction of respective equipment; inspecting uranium
deposits and study of uranium ore, processing and treatment methods, and exploring the possibility of a chain
reaction in naturally enriched uranium.
Research on the structure of the uranium nucleus and
enrichment technology had already begun before the war.
Soviet scientists had already proved the possibility of
nuclear chain reactions. But the Soviet state's scientific
capability was still underdeveloped -- mainly, due to the
massive post-revolution and Stalin-era repressions, as well
as the preceding emigrations-and Soviet scientists were

For this purpose, Mikhail Pervukhin, one of Russia's most
well-trained governmental managers, was chosen by Stalin
himself in 1942 to be involved in the creation of Russia's
atomic industry. Pervukhin was deputy chairman of the
Sovnarkom, or the Council of People's Commissars, the
analogue of today's Council of Ministers. At the same time,
Vyacheslav Molotov, himself chairman of Sovnarkom,
approved the formation of a group of physicists whose job
it would be to study what was known of the Western
nuclear experience, and to conduct research on nuclear
energy for military purposes. Igor Kurchatov -- the father
of the Soviet Atomic bomb -- Abram Alikhanov and Isaak
Kikoin were among those in that first research group.
Soon thereafter, at the suggestion of Pervukhin and
Kurchatov, the so-called Special Committee at the State
Committee for Defence was created. And later, in 1945
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-- though the country was devastated by war -- the
atomic effort doggedly continued. A special board was
founded within the government called the First Chief
Directorate, or PGU, in which Kurchatov and Pervukhin
were a driving force.
Lavrenty Beria, one of the chief architects of Stalin's secret
police forces, also worked in the PGU, which, along with
Sovnarkom Deputy Chairman Pervukhin's presence there,
underscored the tight bond between the Soviet state's
fearsome secret services and the nuclear industry.
It was under the orders of the NVKD -- which closely
supervised the nuclear effort -- that Kurchatov was chosen
to head up this atomic drive. He was, according to NKVD
files, "a reliable physicist who can be trusted."
1.1.2. The Vast and Unknown
In the beginning, it would have been impossible to forecast
how vast the field of Russian nuclear research would
become and how many trials and experiments would be
required to ensure the functioning of the industry. But even
against the background of the devastation of the Great
Patriotic War, the Soviet nuclear effort pressed on, demanding -- and receiving -- the country's total commitment.
In February of 1943, the State Committee for Defence
(GKO) issued a decision to create a centralised nuclear
weapons research centre -- the so-called Laboratory No. 2
-- at the Russian Academy of Sciences under Kurchatov's
direction.Three months later it was granted independent
status, and by 1944, it was accredited by Soviet authorities
as an institute in its own right. Later it became known as
the Kurchatov Institute of Atomic Energy, and is currently
called the "Kurchatov Institute" Russian Scientific Research
Centre -- or, in the vernacular, simply the Kurchatov
Institute.

Scientific Research Institute for Experimental Physics, or
VNIIEF.There were also plans in the works for the creation of a major atomic energy complex near Moscow.
The complex was eventually built 110 kilometres southwest of Moscow, near the Obninskoye railway station.
Officially called the Physics Engineering Institute (FEI)
most now know it simply as Obninsk.
The Nuclear Industry Taking Shape
Despite considerable adversity in the war-ravaged Soviet
Union, the PGU had established a number of its own
enterprises, industries, institutes and design offices, and had
considerably re-enforced the strength of its central office.
Furthermore, its financial policy began to take on a definition that was quite separate from the rest of the state
budget. The USSR's National Planning Committee, or
Gosplan, started a discrete arrangement to furnish the
new industry with materials and technical assets. In April
of 1946, the Council of Ministers approved the PGU and
its varied structures and the establishment of its central
office. What is currently known as Rosatom had begun
taking shape.
Management by Fear
Owing to the active participation of the PGU's directors
and managers -- who regularly visited the sites, checked
up on progress, and facilitated cooperation with equipment suppliers -- atomic projects were taking off.

During the war, aside from Laboratory No. 2, the PGU
also made other acquisitions in the race toward the bomb,
including industrial plants and research institutes.
In short, factories and plants of various industries had to
drop whatever they were working on and implement all
projects that were assigned to them by the concept
developers, project designers, and constructors through
the PGU and the GKO's Special Committee.
In 1946, a site called Arzamas 16, near Sarov, located 300
kilometres south of Moscow near the city of Vladimir,
was selected for the creation of a branch of Kurchatov's
Laboratory No. 2. The new branch was a complex for
nuclear weapons research, now known as the All-Russian
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Boris Vannikov

But this zeal was driven mostly by fear. The management
style of the industry's brass was not only strict, but cruel.At
the progress meetings held by one of the PGU's managers,
Vannikov, two secret service colonels would always be
present, and almost always one of the participants -- a construction director, for instance -- would be taken away to
prison and later sent off to the Gulag. It may have been,
however, precisely this paramilitary management style that
ensured that projects were fulfilled at break-neck pace
and in the strictest adherence to PGU guidelines.
In record time, Plant No. 813 -- now known as the Mayak
Chemical Combine -- was completed in the Urals, near
the city of Chelyabinsk, as were the Semipalatinsk testing
grounds in the then-Soviet republic of Kazakhstan,
Laboratory 'B' in Chelyabinsk 70 and Laboratory 'V' at
Obninsk, and many others. By 1948, 68,000 people worked at PGU facilities-most of which were built by the
250,000 prisoners supplied by the Ministry of Internal
Affairs' Glavpromstroi and the NKVD.

Reorganisation After the Bomb and the Birth
of Minsredmash
The colossal expenditure of money, resources and lives
paid off. In 1949, the Soviet Union exploded its first
atomic bomb. After that, the PGU's priorities changed from
not only atomic weaponry but to atomic energy as well.
These additional priorities caused another reorganisation
within the PGU structure. After the first bomb test, the
PGU took under its wing a mineral resource industry.
This led to a sharp increase in uranium mining, focusing the
PGU's attention on highly enriched uranium production
and the construction of new nuclear fuel plants. These
plants were charged with making fuel for industrial reactors, which, in turn, produced more plutonium.
The plutonium reprocessing drive led to the establishment
of a number of new enterprises within the PGU.The new
structure of the PGU became the Central Apparatus,
which -- after the death of Stalin in 1953 and subsequent

A replica of the first Soviet
A-bomb, which was exploded
in 1949.
Photo:Yarovitsin/ITAR-TASS
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arrest of his secret police chief Beria for crimes against
the people -- was further reorganised.
At precisely this time, the Ministry for Medium-Level
Machine Engineering, or Minsredmash, was founded by a
decree of the USSR Council of Ministers and the structure of Rosatom, as we know it today, took shape.
All PGU organisations, institutes, factories, enterprises,
construction sites and laboratories were put under the
jurisdiction of Minsredmash -- one of the largest ministries
of the time.
Minsredmash was an unusual ministry with an unusual
structure. A political department, with a staff of 55, was
created in September of 1953. All Minsredmash employees in high-ranking positions throughout the country -such as department heads and deputy heads, as well as
directors and head engineers of major industrial complexes -- were nomenklatura, or powerful and privileged
party-affiliated officials, who were appointed to their
positions at the ministry's highest levels. Some appointments had to be further approved by the Central
Committee of the Communist Party. Therefore any new
appointment or change in structure often flowed across
the desks of the country's highest brass.
Head of Minsredmash Vyacheslav Malyshev, who was also
deputy head of what by then had become the Council of
Ministers-the former Sovnarkom -- was then accountable
only to Prime Minister Georgy Malenkov and to Nikita
Khrushchev, the First Secretary of the Central Committee
of the Communist Party and the Chairman of the Council
of Defence -- the new head of state.
The aggressive approach of the nuclear industry's top
officials coupled with the close eye that the state's highest
officials were keeping on the nuclear programme bolstered its ability to resolve major tasks efficiently. From the
day it began its operations, Minsredmash issued a least one
new decree per day.These decrees -- all of which were in
the service of "Goal No. 1" -- pushed the nuclear drive
forward with no regard for anything else the government
might have concerned itself with. Resources -- human,
financial and material -- were dispensed of without forethought or remorse.
New Departments, New Weaponry and the
Soviet H-Bomb
By 1953 the development of thermonuclear weapons,
nuclear reactors for the navy, and various nuclear weapons
carriers had begun on a large scale at Minsredmash's
research institutes, design bureaus and enterprises. New
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mining and metallurgy plants were built.Then, in August
of 1953, the first hydrogen bomb was tested at the
Semipalatinsk testing ground in the then-Soviet republic of
Kazakhstan, creating an ecological disaster area -- a barely
predictable outcome given the limited knowledge of
radiation dangers at the time.
The ministry's interests ballooned. A Foreign Economic
Department was created within the ministry. One of this
new department's responsibilities was to import uranium
to the USSR and supply the Warsaw Pact states with
required materials and equipment with Minsredmash
funds.The Foreign Economic Department also provided
jobs abroad for tens of thousands of Soviet engineers and
technical specialists. In order to manage these funds, the
Central Department on the Use of Atomic Power for the
National Economy was founded in 1955 and headed up
by Minsredmash First Deputy Minister Yefim Slavsky.
That same year -- as an exception to the intense secrecy
that surrounded the USSR's nuclear programme -- the
Soviets went public and published some of its achievements for the rest of the world to have a look at. In
August 1955, Soviet nuclear scientists went to Geneva,
Switzerland, and participated in the First International
Conference on the Peaceful Use of Atomic Energy. The
news they brought with them was astonishing: The world's
first nuclear power plant had been built at Obninsk, Russia,
near Moscow. Both the United States and the United
Kingdom have since made claims that they had built the
world's first nuclear power plants, but the Geneva conference was dazzled by Russia's announcement.
Throughout this period of boomtown development, however, little attention was paid to radiation safety. Given
the general lack of knowledge about radiation's impact
on the human organism, the issues of the medical aspect
of radiation were kept on the back burner of the science
of the day. What little Soviet science knew about radioactive dangers for the human health was also kept secret.
Any safety that was achieved in Minsredmash's facilities
was achieved by the sheer mass of people -- including
those who died of radiation poisoning -- who were viewed
largely as expendable. In other words, the effects of radiation and effective means of protecting against them were
a process of trial and error. Eventual human safety came
at a high cost, but was of little interest to anyone in the
upper echelons of the ministry.
In 1956, what is essentially considered the first full-scale
programme to develop nuclear energy in the USSR was
initiated. One of its objectives was to build, within five years,
several nuclear power stations that would have a comb-

ined capacity of 2175 megawatts -- 775 for Minsredmash
stations and 1400 megawatts for the Ministry of Electric
Power Stations, or Minenergo, stations.
Once again, the national economy and industries were
reorganised for the purposes of Minsredmash -- indeed,
large-scale redistribution of the types of fabrication and
capacities between industries and government agencies
never stopped to suit the needs of the growing ministry.
Even though some of Minsredmash's responsibilities were
assigned to other ministries, it still maintained its status
of a "supra-state" monster.
1.1.3. The Slowdown of the Soviet Nuclear
Industry
Gradually, most of the issues related to the construction
and "peaceful" use of Soviet nuclear power stations were
shifted to the jurisdiction of the USSR's Ministry of Energy.
More and more new nuclear reactors were being put into
operation across the vastness of the Soviet Union.
However in the mid-1980s -- as was the tendency across
the board in Soviet industry -- the tempo at which inn-

The Minatom/Rosatom building.
Photo: Charles Digges/Bellona

ovations in nuclear power were being introduced hit a
wall. The chief cause of this was an insufficient industrial
base for large-scale equipment production. The period
of stagnation was hitting Minsredmash where it hurt.
But what dealt the knockout blow to Soviet nuclear
industry development was not the lack of infrastructure
for forging heavy machinery. It was the Chernobyl disaster
on April 26, 1986 -- the worst nuclear accident in history.

Reactor No. 4 of the Chernobyl
Nuclear Plant after the April 26,
1986, accident.
Photo: ITAR-TASS
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It killed 31 people immediately and thousands more over
the years have shown signs of eventually fatal cancer -especially of the thyroid -- that the UN's World Health
Organization has associated with the catastrophe.2
Design flaws in Chernobyl's RBMK-1000 reactor No. 4,
as well as inept actions by the station's personnel, caused
a power surge that led to the core's overheating. This
resulted in thermal explosions so powerful that they
blew the 1,000-tonne cover off the top of the reactor,
releasing eight tonnes of uranium dioxide into the air and
surrounding countryside. Some 27 kilograms of ceasium137 were dispersed into the atmosphere, and an estimated 1.85 to 9.25 million TBq-equivalent to 100 times
the combined radioactivity released from the atomic
bombs dropped by U.S. forces on Hiroshima and Nagasaki
in 1945 -- were also emitted.
In Ukraine, 3.7 million people were affected by radiation
and more than 160,000 inhabitants had to be resettled.
Some 5 million people altogether were exposed to radiation in Ukraine, Belarus and Russia. Although most of the
contamination affected nearby countries, it also spread
thousands of kilometres to Europe. Soviet authorities
denied the accident for days until overwhelming evidence
supplied by other countries outside the Soviet Bloc that
had been affected by the radiation release forced Mikhail
Gorbachev's Kremlin to confess.
In the aftermath of the Chernobyl tragedy, Minsredmash,
the Soviet Ministry of Energy (MinEnergo), as well as the
USSR Civil Defence Headquarters and Ministry of Health,
all were radically reorganised. But it was, predictably, the
nuclear energy industry that was affected the most by the
catastrophe. In July of 1986 the Atomic Energy Ministry
was founded as a separate entity out of MinEnergo.
However, after three years of this ministry's work, officials
decided it was inefficient to have reactor developers and
producers of reactor cores working separately from the
establishment that operates the very nuclear power stations. On July 27, 1989, according to a government decree,
Minsredmash and the Atomic Energy Ministry were united
to form the Ministry of Atomic Energy and Industry.
However, due to a generally decreasing rate of atomic
power development and the cutbacks on state orders for
military production, it became necessary to once again, and
more radically, reorganise the structure of atomic industry.
The attempts at restructuring the ministry were unexpectedly resolved with the collapse of the Soviet Union.
Today, there are many telltale signs revealing the instability
of the Russian nuclear industry. For instance, every
2 "The Human Consequences of the Chernobyl Nuclear Accident," a report
commissioned by UNDP and UNICEF with the support of UN-OCHA and
WHO, pp. 47-62, January 25, 2002.
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newly appointed prime minister since the collapse of the
Soviet Union has been presented by the nuclear industry with a new long-term programme for its own development -- which, at the appointment of yet another
prime minister had been left unfulfilled. Or perhaps it is
that these plans were simply un-fulfillable on the newly
formed Russian Federation's shoestring budget.

1.2.The ZATO Structure
The Russian nuclear industry has under its control 10
closed cities, known officially as closed administrative territorial formations (ZATOs in their Russian acronym).The
Defence Ministry also has under its purview approximately 30 more such closed zones.
The 10 cities in the nuclear industry's ZATO system are:
Snezhinsk (Chelyabinsk-70), Ozersk (Chelyabinsk-65) and
Trekhgornoe (Zlatoust-36) in the southern Urals;
Novouralsk (Sverdlovsk-44), Lesnoy (Sverdlovsk-45),
Seversk (Tomsk-7), Zheleznogorsk (Krasnoyarsk-26),
Zelenogorsk (Krasnoyarsk-45), all in Siberia, and Sarov
(Arzamas-16), Zarechny (Penza-19) south east of Moscow.
Within the closed cities -- the combined current population of which is approximately 2 million people -- the
standard of living was much higher than the rest of the
Soviet Union, and goods that were only rarely available
in normal Soviet cities were imported to the closed cites
by the government to the closed cities for consumption
by the USSR's nuclear elite.Workers in closed cities also
enjoyed substantially higher salaries than did their compatriots in what was literally the outside world. Access
to closed cities was, and remains, tightly restricted.
The collapse of the Soviet Union in 1991 dropped the
bottom out from under the closes cities' financial base,
privilege and insulation from the troubles of the country
surrounding them.The Soviet-era social calm of the closed
cities was disrupted in the mid 1990's by repeated strikes
staged by nuclear workers over wage arrears. Incidents
of nuclear smuggling and theft rose. In other cases, those
who were lucky enough to get out contributed to the
great 90s "brain drain" from Russia, as highly trained and
qualified physicists, chemists, engineers and others of the
scientific elite, left the country for foreign jobs paying
wages commensurate with their qualifications. Not all of
these scientists brought their knowledge to states or
organizations that had world nuclear security in mind.
The Russian government has tried on several occasions
many fiscal reform plans for the closed cities. The most
notable was its 1998 amendment to the law "On Closed

Territorial Administrative Entities." In this amendment,
the Russian government allowed nuclear cities to keep
their own tax revenues instead of turning them over to
the federal government, which is the case for the vast
majority of Russian cities. It was hoped that by undertaking
this measure, the closed territories would be able to
reinvest the tax revenues locally and generate local profit
by converting production into more marketable consumer
oriented goods.3

Ministry of Energy and Industry. But shortly thereafter, a
new reshuffle occured, placing the FAAE higher in the
rank by giving it the privilege of reporting directly to the
government.
A Governmental decree, numbered 316, approved on
July 28, 2004 "The Guidelines on the Federal Agency of
Atomic Energy." In August 2004, the Agency was given
the name Rosatom.8

The Leningrad Nuclear Power
Plant just outside St. Petersburg
on a cold December day.
Photo: ITAR-TASS

At first, the amendment was a success. Investments started
to flow into the cities gradually, providing local treasuries
with dearly needed funds. But the initiative eventually
crashed against the corruption of city officials who took
kickbacks for allowing non-local firms to register in their
closed cities to avoid taxes.4 The amendment also eventually fell prey to Moscow's jealousies,5 which, amid the
mid-90s pandemic of tax-evasion, was eager for every
slice of the pie it could get into its hungry coffers.
In 2001, the Russian government eliminated the tax
benefits to the closed cities.6 The closed cities are again
heavily subsidized - to no real purpose besides simple
maintenance in the post-Cold War world -- by Russian
taxpayers as well as by the U.S. run programmes (see
chapter 3). Attempts at sweeping economic reform
throughout the country have failed to produce any progress for the closed cities.
In another effort toward economic rehabilitation for the
closed cities, the Russian Government in a closed session
on December 9, 2003, decided, in effect, to leave the closed cities to develop their own schemes of reform, saying
that the cities should prepare plans for development for
2005 to 2008 and a concept of development for 2005 to
2015.The Russian nuclear industry, the Defence Ministry,
Ministry of Economic Development and Trade, Finance
Ministry and other federal agencies were involved. The
State Duma voted in its February 12th 2004 first reading
-- out of three required -- to approve changes in the funding and taxation of closed cities; the executive agencies
must come up with a solution to provide for the stable
functioning of the closed cities in the next ten years.7
This means that the institution of the closed cities as
such will still remain in the Russian Federation.

1.3.The Twilight of Minatom?
The spring 2004 shake-ups in the Russian government's
structure effectively downgraded the Ministry of Atomic
Energy first to an agency called the Federal Agency for
Atomic Energy (FAAE) reporting to the newly-formed
3 Kudrik, I., "Closed Nuclear cities deprived of financial privileges," Bellona Web,
www.bellona.org, Oslo, March 20, 1998.
4 Bunn, M., Bukharin, O., Cetina, J., Luongo, K., and von Hippel, F., "Retooling
Russia's Nuclear Cities," Bulletin of the Atomic Scientists, September/October
1998, pp. 44-50.
5 Kudrik, I., "Closed Nuclear cities deprived of financial privileges," Bellona Web,
www.bellona.org, Oslo, March 20, 1998.

6 Sokolova,Y., "Russia:The Nuclear Cities Initiative,:" The Nuclear Threat Initiative,
www.nti.org, Washington, April 9, 2003.
7 Regnum.ru, "Government Tells Closed City to Draft Their Own Development
Plans," Moscow, February 12, 2004.
8 Russian Federation Governmental Decree No. 316 "On the approval of the
Guidelines for the Federal Agency of Atomic Energy," June 28, 2004.
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Today, all of the infrastructure that was under Minatom has
been transferred Rosatom. This could change, however,
as the Russian government has yet to issue a final list of
those agencies and enterprises that will answer to
Rosatom. It is, as yet, a strictly executive body of the
Russian government.Therefore, it only carries out policies,
but does not define them. Among the functions of
Rosatom are:
1. Regulation of the rules and norms for the functioning
of nuclear industry.
2. Management of the state property Rosatom is accountable for, as well as management of the state contracts
and programmes, and accounting for nuclear materials. It is
stated in the Rosatom's guidelines that it will coordinate
decommissioning of nuclear powered submarines.
3. Management of state defence contracts and federal
target programmes. For defence contracts and projects,
Rosatom is subjected to the Defence Ministry, and the
Defence Ministry decides the number of projects and funding to Rosatom for nuclear related military programmes.
Rosatom has also held the licensing functions for military
nuclear related activities, including the decommissioning
of nuclear powered submarines, as mandated by governmental decree No. 1007 of 1999.These licensing functions,
however, can be withdrawn from Rosatom, as indicated
by governmental decree No. 316. Who will be taking on
this job is as yet unclear. It could go to the Defence
Ministry or the newly former Federal Service for Energy,
Technology and Atomic Oversight (FSETAN), the new
version of GAN. It could well be the case that these
functions will remain Rosatom's responsibility.
At the same time, it is directly states -- in something of a
contradiction -- in Rosatom's guidelines described that the
agency has no right to perform regulatory functions unless
so mandated by a governmental or presidential decree.

A protest outside Minatom
building in 2002 against
plans to import spent nuclear
fuel to Russia.
Photo: Charles Digges/Bellona.
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The major change in the status of Rosatom is that has
become a solely executive governmental body. In the
contrast to Minatom, Rosatom has no policy making functions. As per Minatom's guildines of 1997, the Ministry
formed its nuclear policy in co-operation with Russia's
Security Council and other federal security bodies.
Rosatom will file its proposals, but policy will be decided
elsewhere. Where, exactly, is still unclear. It seems that it
will be based on a case by case basis. For example, the
task of preparing of the Federal Target Programme on
the Industrial Decommissioning Weaponry and Military
Machinery for the years 2005-2010, which also includes
nuclear related projects, was given to the Ministry of
Industry and Energy, which will coordinate the work
with other agencies, including Rosatom.9
Many functions related to the use and management of
nuclear weapons were also transferred from Minatom to
Rosatom, although it is unclear which, as the new guidelines for the Defence Ministry are still unavailable.
It also seems that Rosatom has been stripped of the authority to establish its own funds, as it was the case with
Minatom. Minatom had its own specific fund, where money
acquired from the U.S.-Russian HEU-LEU agreement
was accumulated and were spent on ministry's needs,
including, for example, some remediation projects.

1.4. Nuclear Regulators
Presidential decree No. 636 of September of 1993 effectively handed military nuclear regulation over to a division
of the Defence Ministry called the State Regulatory
Authority for Nuclear and Radiation Safety.10 The decree's
stated objective was to guard state secrets surrounding
military programmes. In fact, it resulted in being nothing
more that a smokescreen for the Defence and Atomic
Ministries' real purpose-to prevent independent inspections of their sites.
Another blow to independent nuclear regulation in Russia
came in 1995, when the use of nuclear energy during the
development, testing, operation and decommissioning of
nuclear weapons, as well as the usage in military nuclear
power installations were removed from the jurisdiction
of the law "On the Use of Nuclear Energy." By now,
Russian military nuclear installations were not only left
without independent regulatory oversight, but also are
completely beyond the law. The law "On the Use of
Nuclear Energy" lays the foundation and principles to
regulate conditions emerging from the application of
nuclear energy, including the provisions directed towards
9 www.minatom.ru, news stream, 13 September, 2004.
10 The Ministry of Defence has under its regulatory jurisdiction all nuclear weapons,
the Russian Navy, a handful of experimental installations, all storage facilities for
nuclear weapons materials, military nuclear space operations, and the organisation
of designing and building military nuclear installations.The list of exactly what
facilities this description includes is classified.

the protection of human life, health, the environment.
There are no other laws regulating this sphere in Russia.
Later, in 1999, Minatom and the Defence Ministry went
further and wrenched control over the licensing of military activities -- including the decommissioning of submarines -- from GAN as well by governmental decree
No.1007.

Authority is answerable to the Ministry of Defence
(MOD) which is, in turn, answers directly to the president.
FSETAN, however, is a service reporting to the government, which reports to the president, so is at one remove
further from the top than is the Defence Ministry's State
Regulatory Authority for Nuclear and Radiation Safety.
The situation with nuclear regulatory control under the
new scheme of spring 2004 shake-up is still developing.

1.4.1. March 2004 Government Shake-Up and
its Effects on Nuclear Oversight
The government shake-up of March 2004 and the subsequent presidential decree No. 649 of May 20, 2004
radically changed GAN's status and turned its responsibilities to FSETAN. The governmental decree No. 401,
from July 30, 2004, approves "The Guidelines for the
Federal Service for Ecology, Technological and Atomic
Oversight."11
It is as yet unclear what the mandate of this new supra
service is, but technically speaking, it does not put what
remains of GAN on a lower bureaucratic footing within
the Russia government, but rather elevates it. For instance,
FSETAN, unlike GAN, has the right to make suggestions
on federal laws to the government. FSETAN is also answerable directly to the government, whereas in the guidelines of GAN it was said that it was an executive body
with no specification as to whom it answered to.
Much is still unclear about FSETAN's structure and mandate, especially in the atomic sphere. And while on paper
those responsibilities formerly undertaken by GAN would
seem to have taken priority, they could possibly be overwhelmed by FSETAN's broader responsibilities to the
energy and technology sectors. Much of FSETAN's standing and empowerment on nuclear oversight will depend
on who eventually takes federal service's reigns. If GAN's
former chairman, Andrei Malyshev, is put in charge, then
nuclear issues will take a higher priority, and it is widely
assumed that one of his deputies will occupy the nuclear
safety oversight position within FSETAN.
Among the new responsibilities of FSETAN, in addition
to regulatory functions, is the responsibility to organise
environmental impact studies in the fields that the service
oversees.
Military nuclear oversight under the new structure remains
characteristically unclear as information concerning it is
classified. Nonetheless, it is clear that Defence Ministry's
State Regulatory Authority for Nuclear and Radiation
Safety is one step closer to the presidential ear than is the
structure of FSETAN, given that the Defence Ministry's
11 Russian Federation Governmental Decree No. 401 "On the Federal Service for
Ecological,Technical and Atomic Oversight," July 30, 2004.
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Chapter 2
Nuclear Fuel Cycle

Nuclear Fuel Cycle
The term "nuclear fuel cycle" describes the production
and disposition of nuclear fuel, from its initial extraction
from mines as natural uranium, to its enrichment for use
as fuel, to how it is disposed of as spent nuclear fuel (SNF)
after it has been burned in a nuclear reactor. There are
two types of nuclear fuel cycles -- open and closed. An
open nuclear fuel cycle, the fuel cycle type favoured by
the United States, indicates that SNF, which is highly toxic
and radioactive, is put into protected storage once it is
produced by a nuclear reactor. Russia, on the other hand,
favours a closed nuclear fuel cycle, whereby SNF is taken
to a reprocessing point and reactor grade plutonium -- a
by-product of burnt uranium -- is separated out for
future use.

Raw material containing 40 %
uranium extracted by leaching
from a uranium mine in the
Dalmatovksy district.
Photo:
Alexander Alpatkin/ITAR-TASS
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Both fuel cycle types have their own attendant environmental hazards. The open fuel cycle faces a shortage of
storage space for SNF and it is the general consensus of
the scientific community that the only viable solution for
storing SNF is in permanent geologic repositories, such as
the one being built at Yucca Mountain in the U.S. state of

Nevada. Currently, most SNF in the open cycle is stored
in temporary depositories at its respective reactor sites,
awaiting a more permanent solution for its disposition.
The closed fuel cycle, however, poses even more risks.
The number of industries and enterprises involved in
handling the spent fuel in order to separate it routinely
produce more waste than they were intended to dispose
of. Such is the case with the Mayak Chemical Combine,
where reactor grade plutonium is separated from SNF,
and the remainder of the SNFs constituents, including
highly radioactive strontinum-90, caesium-137 and numerous others, are disposed of carelessly -- often in violation
Russian legislation. Furthermore, a closed nuclear fuel cycle
presents a greater proliferation risk by creating more
plutonium, which, in Russia's case, is often stored in less
than secure locales.
The U.S. Department of Energy (DoE) has publicly estimated that there are some 600 metric tonnes12 of separated plutonium and HEU outside of weapons in Russia.13

12 Currently the U.S. Department of Defence considers only weapon-grade
plutonium (defined as plutonium with at least ten times as much of the Pu-239
isotope as the Pu-240 isotope) and weapon-grade uranium (defined as uranium
enriched to at least 90% U-235).
13 U.S. Department of Energy (DOE), FY 2004 Detailed Budget Justifications -Defense Nuclear Nonproliferation, (Washington, D.C.: DOE, February 2003),
p. 542.

This includes both weapon-grade plutonium and HEU
and material that is not technically "weapons-grade" but
is still weapons-usable.
The amount of spent nuclear fuel accumulated in Russia
as the result of nuclear power plants operation is more
than 15,000 tonnes.
This chapter focuses on the steps within Russia's nuclear fuel cycle, following natural uranium from the mines
to reprocessing and storage.

2.1. Uranium Mining
The volume of the world's overall identified uranium
deposits, according to the former Minatom, is 3.5 million
tonnes, with an annual uranium production of 32,00037,000 tonnes annually and the actual need in uranium
between 60,000 and 70,000 tonnes. Table 2 shows the
world's three largest uranium deposits, which include
almost 60 % of the world uranium resources.
Country

Deposits in tonnes

Australia
989,000
Kazakhstan
622,000
Canada
439,000
Table 2 World's largest uranium deposits.14

same time period remained practically the same-from
32,000 to 35,000 tonnes.Table 3 shows the largest four
uranium producers in 2003.
Country

Annual uranium
production, 2003 (tonnes)

Canada
10,457
Australia
7,572
Kazakhstan
3,300
Russia
3,150
Table 3 World's top four uranium producers.16

Russia's uranium production -- of approximately 3,150
tonnes a year -- is fourth in the world.Throughout 19932001, the global shortfall of mined uranium had been
made up mainly by the exports of stockpiled uranium from
countries of the former Soviet Union -- chiefly, from
Russia. Russia's uranium exports may be a factor for the
dumped prices on the world market, which -- despite
the production deficit -- kept dropping and by 1999 had
reached $22.75 per kilogram. At such low prices, Russia's
exports of its mined uranium are unprofitable.
2.1.1. Uranium Deposit Development
Uranium is mined using traditional underground, open
pit, or strip mining methods, or extracted using the in
situ leaching method,17 depending on the condition of
the deposit and its uranium ore content.

Russia's uranium deposits are the seventh largest in the
world. As of today, the total identified uranium deposits
in Russia hold 165,000 tonnes, and the actual cost of
Russian uranium varies from $40 to $130 per kilogram15
Table 4 shows uranium ore deposits on the territory of
the Russian Federation.

The traditional underground method is used for rich
deposits in hard rock at a depth of more than 200 meters.
Open pit mining is used for less rich uranium ores in
wider geographical areas to obtain uniform deposits closer
to the surface where high-duty mining technology can
be used.

World uranium demand at nuclear power plants between
1993 and 2001 increased from 50,000 to 70,000 tonnes,
while uranium output (from uranium ore) during the

In situ leaching allows for the development of stocks of
mined low-grade uranium ores at various depths and in
complex geological conditions preserving the original

Uranium Ore
Category

Cost of Uranium Ore Mining per 1 kilogram, $.
<40
<80
<130

RAR
EAR-I
EAR-II
SR

66,100
17,200
0
No data

145,000
36,500
56,300
No data

No data
No data
104,500
550,000

Table 4 Uranium Ore Deposits of the Russian Federation.
Comments:
1.The SR category includes an additional 450,000 tons;
mining costs excluded;
2. Uranium ore deposits according to the IAEA classification.
In the RAR (Reasonably Assured Resources) category uranium
ore deposits are estimated by uranium ore sample and
reservoir characteristics; high value of reliability;
EAR-I (Estimated Additional Resources -- Category I) is
additional uranium deposits estimated by its samples or
similar ones; lower value of reliability than RAR's;
14 world-nuclear.org/info/inf75.htm, September 2004.
15 Nuclear.ru. April 21, 2003.
16 world-nuclear.org/info/inf23.htm, September 2004.

EAR-II (Estimated Additional Resources -- Category II) is
additional indicated (hypothetic) resources estimated mainly
by trends and characteristics of similar well-known reservoirs;
reliability value less than EAR-I;
SR (Speculative Resources) -- in addition to the above
category EAR-II -- is uranium ore deposits which have been
determined based on indirect valuation and geological
extrapolation.

17 In situ leaching is used where the ore body exists in a sandstone aquifer.
boreholes are drilled into it, and the surrounding water is treated with
chemicals.This enables all the uranium to be dissolved and leached from the ore
body, as the chemical solution circulates through it.The solution is then pumped
back to the surface through different boreholes and the uranium is recovered.
This process is also known as solution mining. Source: Southern Australian
Chamber of Mines and Energy, www.uraniumusa.org, 2001.
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Map 2 Russia's Uranium
Ore Deposits.

landscape.The final products of uranium ore reprocessing
are U3O8 and associated compounds such as molybdenum, rhenium, scandium, vanadium, soot, copper, rareearth elements, phosphate complex fertilizers, among
others.
2.1.2. Russia's Uranium Ore Resources
Canada, Australia and Namibia mine uranium in strip
mines while Russia mines uranium using shafts. At that,
Canada uranium ore content is less than 1 percent; 0.3
to 0.4 percent in Australia; and 0.1 to 0.2 percent in Russia.
In Kazakhstan and Uzbekistan uranium is produced only
by in-situ leaching.
At present, Russia has no rich uranium ore deposits
where mining is taking place. Fields suitable for underground leaching are only just being prepared for development. Russia's deposits are fewer, their productivity
lower, and the infrastructure of mining regions is poorly
developed.
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Russia's balance uranium reserves are concentrated
mainly in the Priargunsk Region, the Chitinskaya Region
and, in lesser amounts, in the Kurganskaya Region in
Transurals, with active reserves of 46 percent.
As of January 1, 2000, the Russian federal balance of uranium reserves consisted of sixteen actual uranium ore
deposits, 15 of which were concentrated in the Streltzovsk,
in the Tchitinskaya Region of Transbaikaliya and the uranium ore is mined by underground methods. A uranium
deposit in the Kurganskaya Region,Tranurals, is mined by
in-situ leaching.
The Transurals, Western Siberia, and the Vitimsky Region
have been announced and preliminarily appraised as
deposits suitable for effective use of in situ leaching. It is
here, and in the northern and far eastern economic zones
that that the fundamental forecasted resources of uranium
are concentrated. These forecasts exceed the balance
the balance uranium by 3.6 percent.

2.1.3. Uranium Ore Utilization and Reproduction
The Priargunsky Mining Chemical Combine (PMCC) is
the only entity producing uranium in Russia. In 2003 the
PMCC mined 3,000 tonnes. Active resources used by
the PMCC should be sufficient for 7 or 8 more years.
In the coming decade, Russia plans to increase uranium
mining from 5,000 to 6,000 tonnes a year. By maintaining
a harmonized policy of its exports and imports, Russia
can resolve its uranium shortfall before 2030. Also in the
coming decade, Russia's annual need for uranium-domestically and for export -- will expand to 17,000 tonnes. At
present, Russia's uranium need for exports -- including
fuel of nuclear power plants, the production of enriched
uranium and HEU diluter -- is 10,000 tonnes.This demand
is also satisfied by natural components returned within
the framework of the programme of down-blending
high enriched uranium to low enriched uranium (the
HEU-LEU Programme), and from government stocks.18
A partial solution to the problem of supplying the country's economy with natural uranium ore can be realized
by strengthening ties with countries of the former Soviet
Union with large uranium deposits, primarily with
Kazakhstan and Uzbekistan.
In 2003 a three-way joint-venture Zarechnoye was
founded by Russia, Kazahkstan and Kyrghyztan in the
Yuzhno-Kazakhstansk Region (Kazhakhstan) for the production of uranium concentrate.
It is planned to process the uranium at the at the large
Zarechnoy deposit in the Southern Kazakhstan region,
which already had a uranium supply of some 19,000
tonnes. It is planned to reprocess the uranium ore at the
Kara-Baltinsky Mining Combine in Kyrghyztan. Under the
former Soviet Union, the Kara-Baltinsky Mining Combine
was a leading uranium concentrate production. At present
it regularly supplies uranium to Russian nuclear power
plants. According to the Kara-Baltinsky Mining Combine's
specialists, during the first stage of production, between
2003 and 2006, the Zarechnoye enterprise plans to produce up to 500 tonnes annually. After the first stage,
annual uranium output is to reach from 700 to 800 tonnes. From Kyrghyztan, the uranium concentrate will be
shipped to Russia.19
Brief Description of Uranium Ore Deposits
and Uranium Production in Russia20
• The Streltsovsk Uranium Ore Field comprises
over a dozen uranium deposits at which uranium is
produced by underground mining and strip-mining
18 Report by Deputy Minister of Atomic Energy of the Russian Federation in the
Federation on April 18, 2003.
19 Kharlashkin, I, Medvedeva,Y., Shabanova, I. and Grinshpun, R. "Uranoviye Kopi,"
Profil, Moscow, November 6, 2002.
20 See appendices or more information about uranium ore deposits in other CIS
countries, such as Kazakhstan, Uzbekistan, and Ukraine.

methods.The PMCC has been using these deposits for
many years and approximately 100,000 tonnes of uranium has been mined in that time. Remaining deposits
are estimated at 170,000 tonnes, with an average
uranium content of 0.18 percent. At present, mining is
carried out via shafts through five deposits, with the
help of two mines. In 2000 the ore output stood at
approximately 2,500 tonnes and has not increased
since then. Moreover, after three to four years, annual
production may reduce due to a switch in processing
low grade uranium ores.The deposits of relatively rich
ores, with 0.5 to 1.0 percent of uranium, from which
uranium with an average cost of $34 to $52 per kilogram is produced (average cost group I), are estimated
to last for the next to 4 years. At other deposits 0.3
to 0.4 percent uranium is produced, the cost of which
vary from $52-$78 to $78-$130 per kilogram, putting
them average cost group II.
• The Transurals Region has three uranium deposits
employing in situ leaching methods.These are
Dolmatovskoya, Dobrovolskoye and Khokhlovskoye
deposits, with the overall uranium reserves of about
17,000 tonnes. Prospecting has been completed at
the Dolmatovskoye and Dobrovolskoye sites and it
is still underway at the Koklovskoye deposit. All the
three deposits are located in paleovalleys at a depth
of 350 to 560 meters and have quite average
geotechnological values. A small reprocessing unit at
the Dolmatovskoye site can provide more than 200
tonnes of uranium a year. According to Bellona's
findings, these deposits are not planned to be developed in the near future.
• The Vitimsky Ore District has five deposits with
overall uranium reserves of 75,000 tonnes.The largest
deposits are Khyagdinskoye and Tetrakhskoye, in the
permafrost area at a 150 to 200 meter depth under
a thick basalt layer of up to 100 meters.The area has
no roads or electricity supply and is 150 kilometers
away from a closest railway station. In terms of
development, it is Russia's most difficult uranium ore
district, and, most likely, by 2050, its annual uranium
output will hardly exceed 100 tonnes.The average
cost of uranium produced from the Vitimsky Ore
District ore is $34-$52 per kilogram, and it may drop
if a regular nominal production level is established.
• The Western Siberian District has eight small uranium deposits in paleovalleys, with the total reserves of
approximately 10,000 tonnes.The uranium is obtained
by in situ leaching methods.The Malinovskoye deposit
is the best investigated of the eight and a two well in
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situ leaching method is currently undergoing testing
there.The development of Western Siberian District
is easier than that of Vitimsky, but actual mining will
not start until 2010. For the time being, only a series
of experiments can be performed, producing a maximum annual output of 100-150 tonnes.The average
cost of U3O8 extracted from the Western Siberian
District ore is $26-$40 per kilogram.

2.2. Uranium Enrichment
Today, the uranium isotope separation industry is significantly developed in countries such as U.S., Russia, France,
Great Britain, Germany, the Netherlands, Japan, and China.
More than 95 percent of world's uranium separation
industry is based on two molecular processes -- gaseous
diffusion and gas centrifuges.
2.2.1. Separation Industry Development in the
Former USSR and Russia
In the former USSR the separation industry was created
at the end of 1940s to enrich weapons-grade uranium235 up to a concentration of 90 percent.The first separation plant in Soviet Union used gaseous diffusion, and was
built near the city of Sverdlovsk. It was known as the Urals
Electro-Chemical Combine, or UECC, at Sverlovsk-44.
Between 1945 and 1963, four more gaseous diffusion
plants were put online. These plants were the Siberian
Chemical Combine, or SCC, at Tomsk-7; the ElectrolysisChemical Combine, or ECC at Angarsk and the
Krasnoyarsk Electro-Chemical Combine, or KECC at
Krasnoyarsk-45. The output of these five plants was
committed to nuclear weapons production and nuclear
fuel supplies for the Russian nuclear fleet's naval reactors.
In 1960s the development of gas centrifuge methods
began, and in 1962 the first gas centrifuge separation
plant in the Soviet Union was launched.21
2.2.2.The Separation Industry Today
At present four gaseous centrifuge plants operate in
Russia.These plants belong to the Urals Electrochemical
Combine (UEC) and use fifth-, sixth- and seventh- generation gas centrifuges.The plants are: the Siberian Chemical
Combine (SCC) with fifth- and sixth-generation gas centrifuges, the Electrochemical Plant (EP) with fifth-, sixthand seventh- generation gas centrifuges, and the Angarsk
Electrochemical Combine (AEC) with sixth-generation
gas centrifuges. The plants' separation capacities of the
total are 49 percent, 14 percent, 29 percent and 8 percent, respectively.22
21 Safutin,V.I,Verbin,Yu.V. and Tolstoy,V.V., "Sostoyanie i Perspektivy Razdelitelnikh
Proizvodctv,"Atomnaya Energiya, No. 89, Moscow, p. 338, October 4, 2000.
22 Ibid.
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2.2.3. Separation Industry Outlook
At present, a planned replacement of the used-up 5th
generation gas centrifuges, which constitute 48 percent
of all gas centrifuges operated in Russia.Taking into account
their time of installation and launch into operation
through 2010, the engineered life spans of centrifuges of
this generation will run out. Without their replacement
by centrifuges of a newer generation, the total separation
capacity of Russia may drop by some 40 percent.
Current separation capacities serve three major purposes and are broken down in the following capacities:
1) the production of enriched uranium to supply
Russia's nuclear power plants (40 percent capacity);
2) HEU and LEU processing (30 percent capacity);
3) export-oriented uranium generation and enrichment,
and the reprocessing of uranium tailings (30 percent).
Russia's development plans for nuclear energy until
2010 assume (pessimistically and optimistically) a slight
increase in power because of new reactor construction,
which will demand the corresponding demand in separation capacity for new nuclear energy.
The HEU-LEU programme is governed by an international
agreement between Russia and the United States, and in
the next 10 years the demand for expanded separation
capacity within this programme will not change (for full
details on the HEU-LEU programme, see Chapter 3).
An export analysis shows that, with certain yearly fluctuations, there is an obvious decrease for various reasons in
orders for both uranium enrichment and the final product
itself. At the same time orders for the enrichment of
uranium tailings tend to increase.
In cases of sufficient demand, subsequently, the overall
separation capacity of export-oriented production lines
may be increasing before and after 2010.
It should be also noted that demand for natural uranium
exceeds that which can actually be mined. This shortfall
should be made up by the processing of uranium tailings
that have stockpiled over previous years, which itself
would increase the demand on the separation industry.
All these factors taken together prove the modernization
of separation production lines to be necessary. Upgrades
would involve the large-scale replacing of fifth-generation
gas centrifuges that have surpassed their engineered life
span with more productive and economically profitable
seventh- and eighth-generation centrifuges. When the
replacement is complete -- and the installation of eighthgeneration centrifuges started in 2003 -- the overall

Excavation of uranium ore at
the Priargunsky open-pit mine
in Transbaikal region.
Photo:
Evgeniy Epanchincev/ITAR-TASS

separation capacity may increase by 34 percent by 2010.
The modernization of separation technologies through
2010 will cost 36.7 billion roubles ($1.2 billion), including
separation plants' revenues of 35.2 billion roubles ($1.1
billion) and 1.5 billion roubles ($500m) of the federal
funds.23

2.3. Nuclear Fuel Production

Aside from fuel production, the MCP engages in supplying nuclear fuel to foreign countries, including CIS countries, such as Armenia and the Ukraine, as well as European
countries like Lithuania, Bulgaria, the Czech Republic, Finland,
Slovakia, Hungary, Germany, Switzerland and India.24
The Novosibirsk Chemical Concentrate Plant
(NCCP) was established in 1948.The NCCP produces
fuel rods and fuel assemblies for VVER-1000 nuclear
power reactors as well as for industrial and research
reactors. It also produces powder and pellets.

Russia's nuclear fuel is produced by the joint stock company TVEL.TVEL is the Russian abbreviation for a nuclear
fuel element. The TVEL enterprise was established by a
presidential decree in 1996 and operated under the former Ministry of Atomic Energy of the Russian Federation,
with 100 percent of the shares owned by the state.

Table 5
Nuclear fuel consumption by
nuclear power plants in Russia
in 2002.

TVEL Corporation Main Enterprises:
The Machinery Construction Plant (MCP) is located in
the city of Elektrostal, in the Moscow Region. The MCP
has been producing nuclear fuel for nuclear power plants
since 1953. In 1959 the plant began the production of
fuel for the navy and the civilian nuclear icebreaker fleet.
MCP also produces powder and pellets.
At present the MCP produces nuclear fuel for VVER440, VVER-1000, EGP-6, ACT-500, RBMK-1000, RMBK1500, and BN-600 reactor installations.
23 Ibid.

24 Unless otherwise noted, technical material for this section was gathered from
Tvel's web site, www.tvel.ru.

37

The Priargunsky Production Mining and
Chemical Association (PPMCA) is based in
Krasnokamensk, Chita region. It's main areas of activity
are extraction, enrichment and processing of mineral raw
materials for natural uranium and molybdenum compounds; coal and zeolite extraction; sulfuric acid production, generation, transmission and distribution of electric
power; production of spare parts, nonstandard equipment and other products of machine-building complex.
The Malyshev Ore Mining Administration
(MOMA) is located in Asbest, Sverdlovsk region. Its main
areas of activities are mining and processing of ore into
feldspathic and micaceous concentrates.

Table 6
Volume of Uranium Metal
Used at Nuclear Power Plants
in Russia in 2002.

The Chepetsk Mechanical Plant (CMP) was founded in 1946 in the city of Glazov. It produces zirconium
metal, its alloys and compounds, reprocesses all types of
natural uranium, manufactures products from depleted
uranium, fabricates calcium metal, its alloys and compounds, produces rare and rare-earth metals as well as
their chemical compounds and manufactured articles. It
also produces fuel channels for RBMK reactors.
The Chemical Metallurgical Plant (CMP) was
founded in 1956 in Krasnoyarsk. It produces lithium and
lithium-based compounds as well as uranium products
for nuclear industry (see chapter 2.12).

Table 7
Nuclear fuel production
technology.
Source:TVEL, www.tvel.ru

The Zabaikal Mining Combine (ZMC) was put into
operation in 1937 in the Chitinsky Region in Eastern
Siberia.The ZMC is engaged in ore extraction and reprocessing for manufacturing of fluoride and tantalumniobium concentrates.

Dalur is located in Uksyanskoe, Kurgan region. Its areas
of activity are uranium extraction by underground leaching
technology.
Khiagda is located in Bagdarin, Buryat republic. It is
engaged in uranium extraction by underground leaching
technology.
Table 5 and 6 show quantitative characteristics of nuclear
fuel and uranium metal consumption at nuclear power
plants in various reactors in Russia for 2002.
Table 7 shows the dynamics of nuclear fuel production
by TVEL corporation (source:TVEL Corporation annual
report 2001).

2.4. Spent Nuclear Fuel Storage
In the 1970s almost all socialist countries and the USSR
were involved in expanding nuclear energy development
programmemes whose primary power source was the
Soviet-designed VVER reactor.
As a rule, a cooling pool was constructed on the premises of each nuclear power plant to store spent nuclear
fuel, its size commensurate with envisioned storing of
fuel compiled in three years of operation, plus a reserve
corresponding to a full fuel load of the core, in a separate compartment.
Outside the former USSR, nuclear power plants with
cooling pools were built in Bulgaria, the Czechoslovakia,
East Germany and Hungary. The Finnish company IVO
has constructed two nuclear power units at the Loviisa
nuclear power plant. (For more information see appendix.)
Construction of nuclear power plants using VVER reactors
also began in Poland and Hungary, but was never com-
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pleted as a result of the Chernobyl disaster in 1986.
During the early 1970s, spent nuclear fuel, or SNF, costs
were calculated by the content of valuable components
in the SNF-plutonium and uranium-which, it was planned,
would be generated at SNF reprocessing.This technique
of uranium and plutonium extraction had few doubters.
To this end, special SNF transportation technologies
were developed, and all member states of the Comecon25
multilateral economic alliance embracing most communist nations, signed an agreement regarding SNF waterborne and railway transportation regulations.
The government of the former Soviet Union ordered all
nuclear power plants to ensure at least a five year cooling
period for before SNF was transported for reprocessing.
By way of solving this problem on a temporary basis,
cooling pools with a capacity of 600 metric tonnes were
built in many countries. SNF storage facilities outside
reactors were constructed in Bulgaria, the Czechoslovakia,
25 Comecon (Council for Mutual Economic Assistance) was a multilateral economic
alliance headquartered in Moscow. It existed from 1949-91. Members in 1990
included Bulgaria, Cuba, Czechoslovakia, the German Democratic Republic (East
Germany), Hungary, Mongolia, Poland, Romania, the Soviet Union, and Vietnam.
Also referred to as CMEA and CEMA. Source: United States Library of
Congress web site (lcweb2.loc.gov).

East Germany and at some power plants in the former
Soviet Union.The IVO company developed its own design
for SNF cooling pools. In Hungary, after wide-ranging discussions of cooling alternatives, storage ponds outside
reactors were in the end adopted for SNF cooling procedures.

A train with spent nuclear fuel
casks from the Kursk submarine
arrive at the Mayak Chemical
Combine in June 2003.
Photo:
Valery Bushukhin/ITAR-TASS

2.4.1. SNF Quantity
The annual quantity of SNF unloaded from all VVER and
RBMK type reactors is shown in table 8:
Reactor type

Fuel assemblies/
Uranium in tonnes

VVER-440
120/14
VVER-1000
55/25
RBMK
450/58,5
Table 8 Annual spent nuclear fuel (SNF) generation at
Russian reactor types.

This fuel is loaded into cooling pools. At present those
cooling pools located outside reactors are full. These
pools are equipped with four basins, including a reserve
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The problem is especially acute at RMBK power plants,
as Minatom's decision to condense the storage of spent
fuel assemblies and spent nuclear fuel is only a temporary solution for both SNF handling and, consequently,
the continued operation of RMBK reactors.

The storage for spent nuclear
fuel at the Leningrad Nuclear
Power Plant.
Photo: Sergei Kharitonov

basin, and a basin with mechanisms for the transportation
of tanks with SNF. They are also equipped with watercooling systems, as well as filters and other support
equipment.The SNF itself is stored in transportation casks.
All RMBK nuclear power plants adhere to the above
SNF storage scheme.
SNF from Russian Nuclear Power Plants
Most of SNF in Russia is accumulated in the county's
European section, west of the Urals, in densely populated
areas.
It is considered economically unsound to reprocess SNF
from RBMKs in Russia until at least 2010.That is why SNF
never leaves these graphite moderated power plants.

SNF is handled in accordance with stipulated norms and
procedures laid out in licenses for SNF handling. However,
there have been a number of violations at nuclear power
plants related to SNF handling, first of all during SNF
transportation and technological operations.
Every year, 120 tonnes of SNF are transported from
VVER-440 power plants for reprocessing. Approximately
150 tonnes of SNF leaves VVER-1000 power plants for
storage at the Mining and Chemical Combine in

Nuclear Power
Plant

Reactor
Type

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 SNF in
dry storage

Leningrad NPP

RBMK

Kursk NPP

RBMK

Smolensk NPP

RBMK

Kalinin NPP

VVER-1000

Kola NPP

VVER-440

Balakovo NPP

VVER 1000

Bilibino NPP

EGP-6/LGR

Novovoronezh NPP

VVER -1000

Rostov NPP

VVER-1000

2,732
2,080
2,600
866
4,000
1,219
416
162
616
170
391
182
273
273
105
15
594
54

Table 9 Cooling pool capacities
and actual load of fuel assemblies
on December 31, 2002.
Source: GAN Report, 2002

Due to the absence of any strategic solution, small volumes of SNF are transported from VVER-1000 and BN600 plants, hence SNF accumulation at reactor sites.
With SNF piling up at reactors, a special survey of storage facilities should be conducted to assess their safety
in case of accidents. SNF volume at reactor sites operating RBMKs, VVER-440s and VVER-1000s in Russia and
abroad is predicted to increase between thee years
2000 and 2010 from 14,000 tonnes of uranium-with a
total radioactivity of approximately 5 billion curies-to
25,000 tonnes, respectively. By 2030, 50,000 tonnes of
fuel from these reactors will have piled up, constituting
about 10 percent of the world's entire quantity of spent
nuclear fuel. Table 6 shows data on Russian SNF as of
December 31, 2002.26

2,732
1,613
2,600
866
4,000
1,266
416
416
637
304
391
162
273
273
300
0
--

2,732
2,066
2,600
1,275
4,000
2,714
--

2,732
2,166
2,600
1,544
--

--

--

--

26,620
25,581
29,200
24,536
17,940
11,600
--

662
247
391
193
273
273
653
202
--

662
241
612
325
273
273
677
248
--

--

--

--

--

--

6,400
4,925
916/316 (in 2 standalone storage facilities)

26 Ibid.
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--

--

306
91
--

--

Zheleznogorsk, Krasnoyarsk region. The analysis of SNF
accumulation at RBMK nuclear power plants has shown
that, at present, SNF storage can allow for the Kursk power
plant's operation through 2006, and the Smolensk power
plant's through 2008.27
SNF From Research Reactors
Spent nuclear fuel from research reactors in Russia is
located mainly at the following sites: the Kurchatov
Research Centre "Kurchatov Institute," in Moscow; the
State Research Center Physics and Energy Institute, in
Obninsk in the Kaluga Region; The State Research
Institute of Nuclear Reactors, Dmitrovgrad, in the Ulyanov
Region; the Sverdlovsk Branch of the Research and
Development Institute of Power Energy, in Zarechny;
The B.P. Konstantinov St. Petersburg Institute of Nuclear
Physics, and the branch of the Research Physics and
Chemical Institute, Obninsk, in the Kaluga Region.
Increased spending on the reprocessing and, especially,
the transportation of SNF has led to a complete halt of
SNF transportation from research sites.28
Table 10 shows SNF filling of storages at research nuclear power units, as of December 12, 2002. In average, SNF
depositories are 80 percent full.
SNF From Maritime Reactors
Spent nuclear fuel is also generated during the operation
of nuclear powered submarines and nuclear powered
icebreakers.
The Russian Navy operates nuclear powered submarines
in the Northern Fleet in northwestern Russian and in

the Pacific Fleet in the Russian Far East. Almost all the
submarines operate on PWR type reactors and their
SNF is sent to the Mayak plant for reprocessing. The fuel
is stored both onboard laid-up submarines and in the
onshore storage facilities. According to Bellona's estimates, there are around 99 tonnes of spent nuclear fuel
accumulated in the Russian Northern Fleet and approximately the same amount in the Pacific Fleet. It is around
500 submarine reactor cores.
Most part of the fuel from nuclear powered icebreakers
-- which also operate on PWR type reactors -- based in
the city of Murmansk is also shipped to the Mayak plant
for reprocessing regularly. Spent fuel is stored onboard
two service ships. Two onshore storage pads are under
construction to accommodate SNF. There are around
2000 to 2500 spent fuel assemblies at the icbreakers'
base at all time. Damaged SNF is stored onboard Lepse
service ship.
Detailed information on SNF handling from marine
nuclear power plants can be found in Bellona's "Arctic
Nuclear Challenge" and "The Russian Northern Fleet:
Sources of Radioactive Contamination." Both of these
reports deal with the Russian northern fleets handling of
the waste it produces and waste produced by Russia's
Murmansk-based fleet of civilian nuclear powered icebreakers. Both reports offer detailed accounts of naval SNF
reprocessing and offer suggestions about how to address
the difficulties of short term waste storage on the Kola
Peninsula and offer alternatives to reprocessing this fuel
at Mayak.The reports are available at www.Bellona.org.

Enterprise

Research
Nuclear Plant

Storage Facility Actual Load by Percent
2001
2002

Kurchatov Research Centre

MR
IR-8
AM-1
BR-10
IVV-2

60
38
42
14
45

60
73
64
23
45

MIR-M-1
SM-3
RBT-10/2
BOR-60
VK-50
VVR-m

93
79
67
97
54
7

72
84
68
93
50
9.2

VVR-ts

63

30

IRT

56

52

Physics Energy Research Institute
Research and Development
Institute of Power Energy
Research Institute of
Nuclear Reactors

Konstantinov St.Petersburg Research
Institute of Nuclear Physics
Karpov Research Institute of
Physics and Chemistry
Moscow Engineering
Physics Institute

27 Ibid.
28 Ibid.

Table 10 The Load of Research
Reactor Plant Spent Nuclear Fuel
Storage (as of December 31,
2002).29

29 GAN Yearly Report for 2002, which represents the most up-to-date publicly
available information.
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2.5. Radioactive Waste Storage at
Nuclear Fuel Cycle Plants30
At present, there are more than 500 million cubic meters
of liquid radioactive waste, or LRW, at the 105 depositories within Minatom's enterprises, with a total alpha
activity of 19 PBq and a total beta activity of 73.000 PBq.
One hundred and eighty million tonnes of solid radioactive waste, or SRW, with a total alpha activity of 6 PBq
and 8.100 PBq of beta activity, respectively are stored at
274 storage sites within Minatom's 105 storage facilities.
The predominant storage sites for the formation of
radioactive waste are enterprises of the nuclear fuel cycle.
The fundamental quantity of radioactive waste (99 percent) is concentrated at the Mayak Chemical Combine,
near Chelyabinsk, the Siberian Chemical Combine at
Tomsk, and the Mining and Chemical Combine at
Zheleznogorsk.

The main on-shore storage site
for spent nuclear fuel from the
Northern Fleet in Andreeva Bay.
Photo: Bellona

2.5.1. Liquid Radioactive Waste (LRW)
There are LRW storage facilities at 32 nuclear industry
enterprises. Altogether, 515 cubic meters of LRW-whose
total alpha radiation is estimated at 19 PBq and beta
radiation at 73.000 PBq at 105 storage depositories Up
to 90 percent of liquid radioactive waste is stored in
containers that are not isolated from the surrounding
environment.31

At present, 95 LRW storage facilities are operational, of
which seven are deep, underground geologic deposits,
eight have been taken out of service or are being
decommission and two have been put into a stand-by, or
conservational status.
The distribution of LWR of various categories by type of
storage depositories -- those that are and aren't isolated
from the surrounding environment -- is represented in
Table 11.32
As seen in Table 11, the fundamental volume of LRW
(approximately 98 percent) is located in LRW storage
depositories and is of low activity. Mid level activity LRW
comprises 2 percent and high level activity accounts for
less than 0,01 percent of the total volume.
With a total activity of 73.000 PBq, low, medium- and
high LRW activities are as follows:
Type of LRW

Total Radioactivity

Low level

19 PBq
(less than 0.04 %)

Medium level waste

59,000 PBq
(approximately 81 %)

High level waste

14,000 PBq
(approximately 19 %)

Table 11 Radioactive waste in Russia (% of radioactivity).
It should be noted that mainly low level activity LRW is
stored in the sites that are not isolated from the surrounding environment that were mentioned above, and
they contain some 0.3 percent of the over all quantity of
high and medium level activity LRW. In terms of quantity
and total activity, the bulk of high- and medium LRW are
stored in facilities shielded from the environment.
About 465 million cubic meters of LRW is stored in 97
shallow depositories with a total activity of 25.000 PBq
and a total area of 110.8 square kilometers.That includes
85 plant storage facilities, with a total area of 5.1 square
kilometers, and 12 facilities in a sanitary protection zone,
with a total area of 105.7 square kilometers.
Ninety-five percent of LRW in shallow ground repositories is beta- and gamma-nuclides and alpha-nuclides lacking transuranic elements; 4.8 percent of LRW contains
transuranic elements. Two tenths of a percent of LRW
has only beta- and gamma-nuclides lacking alpha-nuclides, or containing very few of them.
The analysis of radioactive waste accumulated in shallow
ground repositories has shown that approximately 60

30 Kuznetsov,V.M."Osnovniye problemy I sovremennoye sostoyaniye bezopasnocti
predpriyatiya Yadernogo toplivnogo Tsikla." Second edition, revised and updated,
Moscow, Agenstvo Rakurs Prodakshn, p. 460, 2003.
31 Minatom Anuual Report, 2001.
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32 Ibid.

Marker

Overall quantity Encompassing
High level activity
of LRW
Million m3 %
515
100

Rosatom, overall
Encompassing storage points:
Isolated from the environment
50
Not isolated from the environment 465

9.7
90.3

Million m3 %
0.035
<0.01

Medium level activity Low level activity
Million m3 %
Million m3 %
12
2.2
503
97.8

0.03
0.005

10
2

<0.01
<0.01

1.9
0.3

40
463

7.7
90.1

Table 12 Radioactive waste storage in Russia (% of volume).
percent of the total waste activity is located in bottom
sediments, of which more than 90 percent are medium
and low level waste.
The environmental impact of the LRW storage facilities
was assessed by the presence of excesses over the established norms, which specify the levels of impact in
accordance with the 1999 Norms of Radiation Safety, or
NRB-99, for water (Water Impact Level, or WIL, being
the level of contamination measured by applying NRB99 for water) in the test wells located in the immediate
proximity to the storage facilities.33

difficult to separate into specific storage categories.
SRW's total alpha- and beta- activities reach 6 PBq and
8.100 PBq, respectively.
Most of alpha-active SRW is located in:
• Special buildings with a total activity of 3,4 PBq;
• Waste uranium containing ores with a total activity
of 1 PBq;
• Spent uranium tailing sheets with a total activity of
1 PBq. Beta active SRWs are concentrated mainly
in special premises.

Excesive WILs have been detected at seven enterprises:
• The Priagrusk Production Mining and Chemical Union
in the region of the enterprises tailings.Thorium-230,
polonium-210 and lead-210 excesses were discovered
• The Maching Building Factory's tailings depository
No. 294A at Sarov. Excesses of alpha radioactivity of
uranium-235 and uranium-238 were discovered.
• The Zheleznogorsk Mining and Chemical Combine's
Installation No. 353. Excesses of rheuthenium-106
and accumulated beta activity.
• Mayak Chemical Combine. In the regions of reservoirs
9, 11 and 17 excesses tritium, cobalt-60, and strontium-90 were detected.
• The Beloyarsk Nuclear Power Plant. Excesses of
strontium-90 and caesium-137 were discovered.
• The Kola Nuclear Power Plant. Excesses of caesium137 were detected near the plant's LRW depository.
• The Novovoronezh Nuclear Power Plant. Excesses of
cobalt-60 were found near the plant's LRW storage site.

There are 274 storage facilities in Russia for SRW. Of
those, 131 (48 percent), are in operation, 110 (40 percent)
of them have been decommissioned, and 33 (12 percent)
are in stand by or conservation mode. Of the total 274
SRW storage facilities, 191 (70 percent) are shielded from
the outside environment. However, only 166 million
tonnes of the 177 tonnes of SRW in Russia is stored in
shielded facilities.

2.5.2. Solid Radioactive Waste (SRW)
There are 39 enterprises with solid radioactive waste.
Solid radioactive waste, or SRW, is mainly mining by-products such as empty rock strains, working clothes, largesized laboratory equipment, packaging, small-sized metal
constructs, and building materials that have been contaminated.34

Processed Solid Radioactive Waste
Twenty-one enterprises with 30 waste reprocessing units
operate in Russia. Twenty units are used for cementing,
bituminization, vitrification, calcinations, vaporization, discharge water purification, high-level waste fractionation
necessary for LRW reprocessing and ten for SRW reprocessing, such as for burning, pressing and melting.

SRW accumulated at storage facilities amount to 177
million tonnes, of which 158 million tonnes are tailings.
Some SRWs are mixed in storage facilities and thus are

The overall volume of reprocessed LRW during the
time the above installations operate was 148,325,000
cubic meters. The break down is shown in table 13.

33 Ibid.

34 Kuznetsov,V.M."Osnovniye problemy I sovremennoye sostoyaniye bezopasnocti
predpriyatiya Yadernogo toplivnogo Tsikla." Second edition, revised and updated,
Moscow, Agenstvo Rakurs Prodakshn, p. 460, 2003.
35 Ibid.

By mass of radioactive waste and area they occupy, mining
combines have the largest SRW quantities, which are
uranium and tailings. Low activity waste amounts to 99.5
percent of the entire SRW mass in Russia and is mainly
concentrated in uranium and off-balanced ore tailings at
mining combines. Practically 98 percent of SRW overall
activity is high-level vitrified wastes that are at the Mayak
plant. Radionuclide content control in the ground water
is affected with test wells that are situated throughout
the LRW storage facility.35
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Method

Volume Reprocessed
LRW (m3)

Encasement in Cement
Bituminization
Vitrification
Calcination
Vaporization
Effluent water purification
Desalination and fractionalization of high level waste

0.4
28.2
12.5
763.8
241.1
135,019
12,260

Table 13 Reprocessed solid radioactive waste by volume.
As LRW is reprocessed at installations for vitrification
(for highly level activity waste), evaporation (for medium
level activity waste) and the cleaning of waste waters
(for low level activity waste) a significant reduction in the
amount of waste occurs. During this process, a separate
fraction of radionuclides that remains after vitrification
are used for production of radioisotope sources. If they
are not, they are sent to storage, but not nearly in the
same quantities as they are sent for reprocessing.
The quantity of reprocessed solid radioactive waste
comprised 45,300 tonnes with 6.7 PBq of activity shown
below, broken down into the methods of the reprocessing installations, see Table 14:

Table 15
Radioactivity dispersed to
environment from various
activities.36

Method

Weight (tonnes)

Burning
Pressing
Other methods such as
deactivation and smelting

0.3
3.0
42

It should be noted that the rate of radioactive waste processing remains low, leading to radioactive waste accumulation.The exception to that rule is liquid high level wastes.
The accumulation is associated with the lack of necessary
reprocessing capacities, especially for solid wastes.37 For
SRW volume and activity, see Table 16:
SRW Category

Volume (m3) Activity

High level activity
12,900
Medium level activity 242,300
Low level activity
148,100
Table 16 SRW by category.

11,000 PBq
4.2 PBq
3.1 PBq

2.5.3. Nuclear Industry's Contaminated Territories
The overall contaminated territory of nuclear industry's
25 enterprises is 481.4 square kilometers, of which 377
square kilometers (78.3 percent) is land and 104.4 square
kilometers (21.7 percent) is water. illustration 4 shows
the distribution of radioactive materials being dispersed
in to the environment from fuel cycle enterprises.
Contaminated areas at plants, sanitary protected and observation zones comprise 63.6 square kilometres, 197.9 square
kilometres and 219.9 square kilometres, respectively.The
largest contaminated area -- 452 square kilometres or
94 percent -- is at the Mayak Chemical Combine.
Aside from Mayak's contamination, contaminated area
outside other plants is approximately 13 percent. The
largest contaminated areas in sanitary-protection and
observation zones are:

Table 14 Processed solid radioactive waste by weight.

Location

The LRW's activity during the operation of the installations, with indications of the LRW category, can be summarized as follows in Table 15:

Contamination Areas
in Square Meters

The Priargunsk
Mining Combine

1,318,000

The Hydrometallurgical Plant
The Machinery Plant
The Novosibirsk Chemical
Concentrate Plan

545,000
378,000
198,000

The Konstantinov KirovoChepetsk Chemical Combine

587,000

The Zheleznogorsk Mining
and Chemical Combine

415,000

Dmitovgrad Research
Institute of Nuclear Reactors

236,000

Table 17 Contamination areas.

2.6.Transportation
Every year, some 10 million packages containing radioactive substances in various forms are transported worldwide. It is impossible to say how many such shipments
36 Bradley D.I., Frank C.W., Mikerin Y., "Nuclear contamination from weapons
complexes in the Soviet Union and the United States," Physics Today, April, 1996.
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37 Minatom Anuual Report, 2001.

occur in Russia each year as the information is classified
as a state secret. Accidents have occurred in many countries while radioactive waste was being transported by
air, on roadways, by sea and by rail.
The transport of nuclear materials gives rise to the possibility of accidents involving transport or loading equipment;
the destructive effect of fuel loads of radioactive mechanical equipment upon the material in which it is packed
leading to the escape of radioactive substances into the
environment, as well as the exposure of personnel to
radiation levels higher than established norms if rules for
the safe handling of nuclear waste packages are breached.
The status of the legislative basis regarding transfers of
radioactive shipments in Russia can be best described as
chaotic. Almost all normative documents in this area are
outdated and are in need of a fundamental overhaul,
meaning that establishments involved in transfers of radioactive shipments are obliged to follow numerous instructions, regulations, and resolutions, some of which contradict
both each other and Federal-level normative documents.
Also, accident figures for transport (air, road, railway, river,
and sea) are 2 to 3 times higher in Russia than in other
industrialised countries.38
A wide range of radioactive materials is transported
around the Russian Federation: fissionable nuclear materials, radioactive substances, SNF and radioactive waste,
fresh nuclear fuel, uranium and plutonium in various chemical compounds that are in various physical states and
at various levels of enrichment with fissionable nuclides,
and isotope sources other than nuclear materials and
radioactive substances.
For the past 25 years, SNF transportation was overseen
by the Ministry of Atomic Energy (Minatom), which was
succeded by Rosatom in August of 2004.The first Russianmade container wagons -- the TK-NV and TK-AMB -- were
fabricated in the late 70s and early 80s before the development of national normative documents and did not
take into account global experience.They have since been
replaced by TK-6, TK-10, and TK-11 container waggons.
These container wagons are designed to transport SNF
from VVER-440,VVER-1000 and RBMK reactors, respectively. Following the decision not to reprocess RBMK
waste, the TK-11 container waggons began to be used
for transferring BN-350 and BN-600 spent reactor fuel
to the RT-1 facility at the Mayak Chemical Combine. In
the mid-1980s, the TK-13 container waggon was created
for VVER-1000 waste, and the TK-10 container waggon
was taken out of production.39
38 Kusnetsov,V.M., "Yadernaya Opasnost," revised and updates, Epitsnetr Press,
Moscow, 2003.
39 Ibid.

Sixteen TK-6 container wagons have been developed
and manufactured for SNF transfer. At present, one container is out of service as a result of a significant number
of defects in its structure. The TK-6 is a first-generation
container. Its construction does not fully guarantee its
safety. 40
Depending on the year of manufacture, the TK-6 container
waggons have been operation for between 13 and 21
years. St. Petersburg's Izhorsky factory, which produced
them, set their service life at 30 years, and they will be
taken out of service between 2008 and 2015. Construction of TK-6 container wagons began to flag. Rising prices
for transport has raised the issue of shortening journeys
by using larger containers. Thus, the construction in the
near future of a new set of packaging for transfers of
VVER-440 SNF which will meet modern safety requirements and greater capacity than the TK-6 needed.
Since 1986, VVER-1000 SNF has been transported in
TK-10 and TK-13 container wagons and TUK-10V and
TUK-13V transport packaging sets. At present, seven TK10 and 12 TK-13 container wagons are in operation. 41
At the beginning of 2000, about 5,600 spent nuclear fuel
assemblies (more than 2,300 tonnes of uranium) have
been removed to the Zheleznogorsk Mining and Chemical
Combine depository, including about 2,460 (more than
1,000 tonnes of uranium) from Ukrainian NPPs. 42
At the same time, it should be pointed out that the transport units were produced from 1983-1991, and their
service life (20 years) expires in 2011 -- whereas the
NPP reactor blocks will be decommissioned between
2010 and 2030. For this reason, the current transport
fleet will have to be replaced by a new one.
Processed fuel from fast reactors is transported in TK-11
container waggons. There are seven wagons in service,
which transferred 137.5 tonnes of BN-600 SNF and 42
tonnes of BN-350 SNF to the Mayak Chemical Combine.
SNF from research reactors is transported using two types
of package sets: the TUK-19 for VVR-K, VVR-Ts, VVR-2,
VVR-S,VVR-M, IRT, IVV, SM-2; and TUK-32 for SM-2 and
MIR fuel assemblies. 43
Since 1994, SNF from mobile nuclear reactors has been
transported in TK-VG-18 container wagons and newgeneration transport radiation-safe package sets using
temporary transport and technological plans. At present, eight TK-VG-18 waggons and 52 protective TUK-18
containers are in service. 44
40
41
42
43
44

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
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Containerwagon
type
TK-6

TK-10 with
TUK-10V or
TUK-10V-1
package
TK-11 with
TUK-11BN
package
TK-13 with
TUK-13 or
TUK-13/1V
package
TK-5 with
TUK-19
package

Working Capacity
life
(years)
30 each of
30
VVER-440,
365,
18 VK-50
20
6 VVER-1000

Purpose

Year(s)
made

Quantity

Owned by

Transfers of VVER440, 365, and VK50 SNF at the
Mayak Chemical
Combine
Transfers of VVER1000 from serial
reactors and
Novovoronezh
NPP
Transfers of BN350, 600 SNF at
Mayak PU
Transfer of serial
VVER-1000 SNF
at the Mining and
Chemical
Combine
Transfer of SNF
from research
reactors at
Mayak PU

1978-1985

15

Mayak PU

1984-1986

7

Mining and
Chemical
Combine

1983-1987

7

Mayak PU

1987-1991

12

Mining and
Chemical Centre

12 VVER1000

1990

2 wagons with
16 containers,
1 wagon with
4 containers

4-16 (depending on type
of SFA)

1988-1989

4 wagons with
3 containers,
40 reverse-side
containers
1 wagon with
3 containers

20
Mayak PU
N.A. Dollezhal
Electro-Technical
Scientific Research
and Construction
Institute, Moscow
Region
25
Mayak PU

Scientific Research 25
Institute for
Nuclear Reactors,
Dmitrovgrad

3-5 mobile
reactors, 12
SM-2 or 21
MIR 9 or 16
RBMK-1000

Transfer of SNF
TK-VG-18
with TUK-18 from mobile
reactors at
packages
Mayak PU
Transfer of SNF
TK-VG-18
with TUK-32 for research at
Mayak PU
packages

20
20

1994

1963, 1986
1995

TK-8 with
VTUK-8
packages

Internal transfers
of RBMK-1000
SNF

TK-NV with
VTUK

Internal transfer at 1963-1965
Novovoronezh
NPP from
VVER-440, 365
Internal transfer at 1983
Novovoronezh
NPP from
VVER-1000

7, including
1, 2, 3 and 1

2

Leningrad NPP
Kursk NPP
Smolensk NPP
Chernobyl NPP
Novovoronezh
NPP

25
Novovoronezh
1
Railway cart
NPP
with VTUK
VVER-1000
castor
Table 18 Shows data on container-wagon types and packaging used during transportation of SNF.45

45 Ibid.
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28 BN-350,
35 BN-600

21-49
(depending
on type)

30 VVER440, 365

12 VVER1000

2.7 The Mayak Chemical Combine
The Mayak Chemical Combine (MCC) was formed on the
basis of Industrial Complex No. 817, the first enterprise
in the Soviet Union for the industrial extraction of fissionable nuclear material; uranium-235 and plutonium-239.
The MCC is situated in the Southern Urals, not far from
the towns of Kyshtym and Kasli, between the Techa and
Mishlyak rivers.The town in which workers at the MCC
and their families live is now known as Ozersk, formerly
called Chelyabinsk-65.The MCC employs 14,000 people
as of 2003.
The Soviet Union's first production reactor (Reactor A),
built at the MCC and designed to produce weaponsgrade plutonium, began production in 1948. At the same
time, a Radiochemical Facility, or reprocessing plant, was
built and readied for operation.The plant was extracting
weapons grade plutonium (with a high level of chemical

purity -- over 99 percent of plutonium-239) from generated plutonium, which contained various impurities and
highly radioactive products of fission. Components for the
first Soviet atomic bomb, tested on August 28, 1949, were
manufactured from the plutonium obtained in Reactor A.
Another nine reactors were subsequently built.
Because of its undeveloped technology, the Radiochemical
Facility, especially in the early stages of its work, was a main
source of radioactive contamination of the environment.46
At present, two reactors of the MCC's original works
are left.They mainly produce materials for the production
of isotopes-predominantly for medical use-and tritium
for military purposes.The spent nuclear fuel (SNF) reprocessing plant (called RT-1) also continues to operate.
2.7.1. Production Reactors
The Soviet Union's first production reactor, graphiteuranium Reactor A, built at the MCC and designed to

Map 3
Mayak region.

46 Larin,V.I, "Kombinat 'Mayak'- problema na veka," Moscow Ecopressenter,
Moscow, p.17, 2001.
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Plant
No.

Reactor
name

Reactor type

156

A (Annushka)
AI
AV-3

Graphite uranium 01.06.1948
Graphite uranium 22.12.1951
Graphite uranium 15.09.1952

16.06.1987
25.05.1987
10.11.1991

AV-1
AV-2

Graphite uranium 1950
Graphite uranium 30.03.1951

12.08.1989
14.07.1990

OK-180
OK-190

Heavy-water
Heavy-water

17.10.1951
27.12.1955

03.03.1966
08.10.1965

OK-190M
Heavy-water
Ruslan
Light-water
Lyudmila (LF-2) Heavy-water

1966
18.06.1979
31.12.1987

16.04.1986
In operation
In operation

24

37

Year of
Shutdown
commissioning date

Remarks

A, AI and AV-3 were united under
name Plant 156 in July 1954.
AV-1 and AV-2 were united under
name Plant 24 on 01.01.1954.
The reactor vessel is extracted from
the shaft and deposited in 1970.

The reactor is placed in the shaft
of OK-190.

Table 19 Reactor plants at MCC.47
Facility name

Basic functions/Remarks

Plant B (Plant 25)
-> RT-1 (Plant 235)

Plant B is the first industrial scale spent fuel reprocessing plant that was used to obtain plutonium
from the graphite production reactors.The first spent fuel elements were dissolved in January
1949. Plant B was operating until 1960. All the functions of Plant B were transferred to Plant DB.
On the foundations of this plant a facility to reprocess fuel -from various reactor types -called
RT-1-was built and put into operation in 1977.48
Three ceramic smelters for vitrification of high level liquid radioactive waste from reprocessing
were built in 1986, in 1991 and in 2001. Only one smelter-called EP-500/3-is operational.49
Plant DB-second spent fuel reprocessing plant-used to obtain plutonium from the graphite production reactors.The plant was built to replace Plant B. It was established under name Plant 35 on
20.05.1957 and started to operate on 15.09.1959. Production of weapon-grade plutonium was
discontinued in 1987.

Plant DB (Plant 35)

Plant V (Plant 20),
or ChemicalMetallurgical Plant

Plant V opened in March 1949 and produced metallic plutonium as an end product, or plutonium
pits for nuclear bombs.The plant had three departments/workshops: the chemical department;
the metallurgical department and the metal-forging workshop.The plant is still in operation.
The present activities of the plant are unknown.50

Table 20 Reprocessing facilities at MCC.
produce weapons-grade plutonium, began operation in
1948.The military need for plutonium was so great that
a second -- and more powerful -- reactor, AV-1, started
working as early as April 1950.
The research graphite-uranium reactor AI (intended for
testing fuel rods) was put into operation in 1951. The
reactors A, AI and graphite-uranium reactor AV-3 (1952)
were put under one unit called Plant 156 in 1954.These
reactors were respectively shut down in 1987, 1987, 1991.
Graphite-uranium reactor AV-1 and Graphite-uranium
reactor AV-2 (1951) were united under name Plant 24
in 1954. They were shutdown in 1989 and in 1990
respectively.
Plant 37 was created with the first heavy-water reactor
OK-180 and put into operation in 1951, followed by
OK-190 (heavy water reactor) commissioned in 1955

48

47 Information for the table is provided by Vladimir Kuznetsov, former Russian
Nuclear Regulatory Organisation inspector.
48 Bradley, D. J., "Behind the Nuclear Curtain: Radioactive Waste Management in
the Former Soviet Union", Battelle Press, 1997, p.376-379, and Larin,V.I,
"Kombinat 'Mayak'- problema na veka," Moscow Ecopressenter, Moscow, pp.1920, 2001, and information provided by Vladimir Kuznetsov, former Russian
Nuclear Regulatory Organisation inspector.

and OK-190M, which went online in 1966.The two first
heavy water reactors were short-lived and were shut
down in 1966 and in 1965 respectively. The OK-190M
operated until the year 1986. In 1979, the light-water
reactor Ruslan was commissioned at Plant 37. In 1987,
heavy-water reactor Lyudmila (LF-2) was built in the
shaft of decommissioned OK-190 reactor.
The currently active reactors Ruslan and Lyudmila -- which
have a combined thermal power of 2,000 megawattssupport production of radioactive isotopes including
carbon-14, cobalt-16, with an activity of up to 11 TBq
per gram, and iridium-192, with an activity up to 26 TBq
per gram.51 Alongside production of radioactive isotopes,
the reactors also work for armaments purposes by producing, for example, tritium.
Work on cooling down of all of Mayak's retired reactors,
complete removal of their nuclear fuel, and on prepara49 Kudrik, I., "Mayak to resume waste processing", Bellona Web, www.bellona.org,
Oslo, 30 October 2001.
50 Bradley, D. J., "Behind the Nuclear Curtain: Radioactive Waste Management in
the Former Soviet Union", Battelle Press, 1997, p.376-379, and Larin,V.,
"Kombinat 'Mayak'- problema na veka," Moscow Ecopressenter, Moscow, pp.1920, 2001.
51 Larin,V.I., "Kombinat 'Mayak'- problema na veka," Moscow Ecopressenter,
Moscow, p.17, 2001.

tions for the reactors' long-term conservation has
recently been completed. Furthermore regular controls
are performed on the shutdown reactors to measure
the radiation along the height of the graphite stack.
The radiation danger of the inactive reactors is determined by the fast-neutron irradiation of metal structures
(with the formation of radioactive cobalt, iron and manganese nuclides), nitrogen (with the formation of radioactive carbon-14 nuclides) and lithium (with the formation of tritium). In addition, the reactors' graphite stacks
contain a relatively large amount of uranium fission products that accumulated there as a result of numerous
accidents during operation, namely of the A, AI-IR, AV-1
and AV-2 reactors.
Accidents and the long-term operation of these reactors
have led to accumulated defects in the graphite stacks,

including cracking, contraction and swelling of blocks, and
warping of the columns. It is not possible simply to dismantle the graphite, since there is no environmentallysafe technology for dealing with reactor graphite.
Additionally, as a result of accidents and so-called "goats",
or breaches of fuel-assembly impermeability-as well as
explosions of the latter-the nuclear fuel in reactors' graphite stacks underwent dispersion ("inward corrosion"),
and the graphite contains a significant but undetermined
amount of fuel. Shrinkage and swelling cause difficulties
for the dismantlement technologies currently employed.

A view of the fourth nuclear
reactor at Mayak Chemical
Combine.
Photo: ITAR-TASS

The projects that have been developed to decommission these and other production reactors have substantial deficiencies in terms of controlling the safety of their
construction, the dispersal of radioactivity into the environment and optimising and lowering radiation loads for
personnel, among other problems.
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Above
Containers for storing and transporting spent nuclear fuel at
Mayak Chemical Combine.
Photo:
Anatoly Semekhin/ITAR-TASS

Next page
Storage pool for spent nuclear
fuel at Mayak Chemical Combine.
Photo:
Valery Bushukhin/ITAR-TASS
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2.7.2. MCC Technological Schema for
Production of Weapons-Grade Material
At present, the MCC does not produce weapons-grade
plutonium or uranium.The technological scheme outlined
below clarifies the essence of the basic processes carried
out at the MCC before weapons-grade material production was halted in 1987.
Uranium Burning in the Reactor
Mined and processed natural uranium was held in aluminium containers (known as uranium blocks), after
which these small-size blocks were packed into fuel rods
and the rods were subsequently loaded into the core of
the plutonium production reactor. The core region of
the graphite-uranium reactor was a multi-tonne mass of
graphite penetrated by aluminium channels into which
block-holding rods are lowered.

To cool the roughly 2,000 channels in the core region,
water was passed through them.The cooling water was
collected from the nearest lake, Kyzyltash, chemically prepared, and after passing through the reactor's core and
being heated, it was dumped back into the same lake.
Since the cladding of uranium blocks was not always
leak-tight and the production reactors had only one
cooling loop, radioactive water was poured into the lake.
This led to the accumulation of long-lived radionuclides
in the lake bottom's sediment (see section “Problems
Related to Radioactive Bodies of Water”).
When a sufficient quantity of plutonium had accumulated
in the uranium blocks, they were taken out of the core
region of the reactor. After that, the blocks were meant
to be held for several months under a layer of water in
special tanks so that short-lived radionuclides would
decay and the overall level of radioactivity would decli-

of uranyl-triacetate of uranium. The technological process demanded a huge amount of water, which, during
the course of production, became contaminated with
radioactive elements, as well as toxic substances.
The plutonium concentrate solution obtained in the reprocessing plant underwent further cleaning with the aim of
reducing its beta and gamma radioactivity. After this it
went to Plant V, also known as Plant 20, for further
metallurgical treatment.53
Partially used and regenerated uranium was thoroughly
cleaned from traces of plutonium and highly active fission products, after which it was sent to the next stages of
processing. From this uranium, it was intended to produce
a different form of nuclear explosive-highly enriched
uranium-235. With this aim, the specialized Industrial
Complex No. 813 was built in the Central Urals village
of Verkhno-Neivinsky.
As a result of these operations, about 100 grams of plutonium and 115 grams of uranium-fission products were
able to be extracted from every tonne of separated uranium products.
Plutonium Separation in ChemicalMetallurgical Plant V (Plant 20)
In Plant V (Plant 20), processes were carried out to separate plutonium from the solution, transfer it into a
metallic state, and produce nuclear components for
bombs. Because all of these technological stages obviously vary, Plant 20 included a number of different
departments and workshops:

ne in the resulting material, which consisted of a mix of
short- and long-lived radionuclides. After this, the produced plutonium was ready for separation and processing at the radiochemical reprocessing plant.52
Reprocessing at the Radiochemical Plants
The technique for extracting weapons-grade plutonium
and uranium envisaged dissolution in nitric acid of small
uranium blocks, with all the radioactive substances contained in them. This was carried out in Plant B, also
known as Plant 25. Later these operations were transferred to Plant DB, also known as Plant 35.
Plutonium-239 suitable for military purposes, was
extracted from the obtained solution using the bismuth
phosphate method. The technique for cleaning it from
admixtures and the radioactive fission products was
based on reductive-oxidation of an acetate precipitate
52 Larin,V.I, "Kombinat 'Mayak'- problema na veka," Moscow Ecopressenter,
Moscow, p.21, 2001.

• The chemical department;
• The metallurgical department;
• The metal-forging workshop.
The final stage of production -- the metal-forging workshop -- was the final link in the long chain of processes
toward creating atomic weapons, and was the most
secret workshop of the three.
2.7.3. Reprocessing, Facility RT-1, for NonWeapons-Grade Material
The resolution to build an SNF-processing facility Mayak
to reprocess SNF from nuclear power plants and maritime
reactors on the foundation of Plant B was signed in 1966
by Minister of Medium-Level Engineering,54 Yefim Slavsky.
A range of deputy ministers and industry leaders protested against the decision, filing a written report with the
Central Committee of the Communist Party, which ruled
that reconstruction on Plant B was impossible because
53 Ibid. p.22.
54 The Ministry of Medium-Level Engineering, or Minsredmash, was the
intentionally misleading name of what was known until March 2004 as the
Ministry of Atomic Energy prior to the 1980s. In 2004, during a governmental
streamlining, the Ministry of Atomic Energy was reduced to Agency status, and
answers to the new Ministry for Industry and Energy.
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Above
Special casks for transportation
of spent nuclear fuel at Mayak
Chemical Combine.
Photo:
Valery Bushukhin/ITAR-TASS

it was severely contaminated. But the need for a facility
was great and this objection was disregarded.55 In 1977,
the facility for reprocessing SNF (RT-1) was constructed
on the base of the first radiochemical facility, Plant B.

Right

Until then, a large quantity of spent fuel rods from nuclear
power plants, nuclear submarines and nuclear icebreakers
had piled up in temporary reactor spent fuel depositories
at nuclear power plants across Russia, temporary on-shore
storage sites and onboard special vessels of the Northern
and Pacific fleets.The storage sites were virtually filled to
capacity.

A train with spent nuclear fuel at
Mayak Chemical Combine.
Photo:
Valery Bushukhin/ITAR-TASS

The Technological Process of SNF Reprocessing
At present, RT-1 reprocesses SNF from VVER-440, BN350 and BN-600 power reactors, as well as SNF from
naval and some types of research nuclear power units.
The facility's reprocessing design capacity is 400 tonnes
(in weight of uranium in fuel assemblies) of SNF per year.
The general scheme for treating SNF includes the following stages:
SNF in the form of spent fuel assemblies are brought to
the facility by rail in special wagons. On arrival, the spent
fuel assemblies are unloaded into pond-type storage
facilities.The capacity of such storage is calculated in uranium storage of approximately 560 tonnes. After being
held under water (holding can last for five to seven
years), the spent fuel assemblies are transferred using a
robotic arm onto special beds where their ends-which
do not contain fuel-are cut off. After that, the assemblies
are ground down and dissolved in nitric acid.56
55 Larin,V., "Kombinat 'Mayak'- problema na veka," Moscow Ecopressenter,
Moscow, p.29, 2001.
56 Ibid. p.21.
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After dissolution, the nitric-acid solution-containing uranium, plutonium, neptunium, transuranic elements and
radionuclides-is sent for reprocessing, during which the
elements are extracted and cleaned of radionuclides.
Uranium is separated first, in the form of uranyl nitrate
hexahydrate ([UO2 (NO3)26H2O]), and sent to the
consumer facility for the production of RBMK reactor
fuel.
Plutonium, in the form of plutonium dioxide (PuO2) and
neptunium dioxide are sent as finished products to storage. In the future it is anticipated that the plutonium dioxide (reactor-grade plutonium) can be used to produce
nuclear power plant fuel. From reprocessing of the fuel
from the fast breeder reactors plutonium dioxide with
plutonium-239 up to 98 percent is obtained.This plutonium is used to produce MOX fuel.
In more formal terms, the technological process of SNF
processing includes:
• the mechanical fragmentation (chopping) of spent
fuel assemblies and fuel rods;
• dissolution;
• cleaning of solutions from ballast admixtures;
• extraction separation and cleaning of uranium,
plutonium and other marketable nuclides;
• separation of plutonium dioxide, neptunium dioxide
and triuranium octaoxide;
• reprocessing of solutions containing other
radionuclides and their separation.
Table 21 shows the scheme for the technological process
of processing SNF in RT-1.

Nuclear powered
submarines, nuclear
powered icebreakers

BN-600,-350

VVER-440

Research reactors

Temporary pool storage

Storage of the fuel nonnuclear parts

Cutting off parts not containing nuclear
materials

Fragmentation of fuel assemblies

Non-nuclear parts

Extraction of fuel from
encapsulation
Dissolution of the fuel

Non-dissolvable remnants

Storage of the non-nuclear
parts

PuO2 of reactorgrade plutonium
with 239, 241Pu
up to 60 to 75
percent (sent to
temporary
storage).

Processing of the solution

Processing of medium
active waste

Extraction and cleaning of U, Pu, Np

Processing of highly active
waste

PuO2 with 239Pu
up to 98 percent
generated as the
result of reprocessing fast
breeder reactors.
Used for MOX
manufacturing.

NpO2, used for
reactor synthesis
of 238Pu
(presently sent
to storage).

Concentrates of
90Sr, 137Cs,
99Tc, Pd.
Periodically generated for use in
industry and
research.

Phosphate glass
generated as a
result of vitrification, sent to
storage of high
active solid
waste.

Uranyl nitrate hexahydrate with 235U content of 2.4 to 2.6 percent is used to manufacture RBMK reactor type fuel.

Table 21 Reprocessing of spent fuel at the MCC's RT-1 facility.
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Quantity of Reprocessed SNF57
At the beginning of 1997, RT-1 had reprocessed 3,400
tonnes of SNF, including 3,100 tonnes of SNF from
nuclear power plants that use VVER-440 reactors (27,000
spent fuel assemblies, each containing 115 kilograms of
uranium).58
At present, 120 to 150 tonnes of SNF per year is reprocessed, though the facility has an engineering capacity of
400 tonnes per year of VVER-440 SNF and 10 tonnes
per year of SNF from naval reactors.
The current low productivity of Facility RT-1 is the result
of three factors:
1. Increased costs for transporting and reprocessing of
SNF, as a result of which nuclear power plants and the civil
and military nuclear powered ship fleets are obliged to cut
back on shipments of SNF from their respective areas;
2. RT-1's worn-out equipment, the facility is not in a fit
state to reprocess a larger quantity of SNF than its current
120 to 150 tonnes annual capacity;
3. Licensing restrictions on dumping of liquid radioactive
waste, or LRW, into the Techa reservoir system placed on
Mayak by the Russian Nuclear Regulatory Organisation.
2.7.4. Other Installations in the MCC
Infrastructure
Instrument Factory
The Instrument Factory is engaged in the development
and production of measurement and automation systems
to secure control and management of reactor, radiochemical and other specialised forms of production.
Radioisotope Facility for Extraction of Special
Isotopes (Plant 45)
Plant 45 is a producer of radiation sources and radioactive chemicals.The facility uses products from two reactors -- Ruslan and Lyudmila -- as raw materials.The isotopes produced are used primarily in the medical industry.
But work of an military nature is also being carried out.
Construction of RI plant for the production of radioisotopes started in 1957. In 1962 all the subdivisions of MCC
engaged in radioactive sources production (buildings 188
and 188a of Plant 35, newly built RI plant buildings, RI lab
of Plant 156 and lab No. 9 of the Central Lab of MCC)
became a part of newly established Plant 45.59
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57 Information is provided by Vladimir Kuznetsov, former Russian Nuclear
Regulatory Organisation inspector.
58 Ibid. p.30. See also Kuznetsov,V.M., "Nuclear Danger," revised and updated
edition, Epitsenter Press, Moscow, p. 80, 2003
59 Larin,V., "Kombinat 'Mayak'- problema na veka," Moscow Ecopressenter,
Moscow, p.33, 2001.

Production Facility for Uranium-Plutonium
Nuclear Fuel (MOX)
In the 1960s and 1970s, about 1 tonne of MOX fuel was
produced at a pilot plant from plutonium alloys and plutonium dioxide.
The Zhemchug plant began operation in 1986, and through
1987, produced 35 kilograms of plutonium per year -equal to five plutonium assemblies per year. It was used
for the production of fuel assemblies for fast neutron
reactors.
The Granat plant has been in operation since 1988, producing 70 to 80 kilograms of plutonium per year -- or 10 fuel
assemblies annually. Like, the Zhemchug plant, it is used for
the production of fuel assemblies for fast-neutron reactors.
The Paket plant has been operational since 1988, producing 70 to 80 kilograms of plutonium per year, which,
like Granat, makes enough plutonium for 10 fuel assemblies per year. Paket's purpose is to produce MOX fuel
pellets and fuel elements for fast neutron reactors.
At present, Complex-300 -- for the production of fuel
for yet-to-be constructed BN-800 reactors -- is under
construction. Construction was halted after completion
of about 50 to 70 percent of the plant.
Central Works Laboratory (CWL) and
Experimental Scientific Research Station (ESRS)
The CWL was founded in 1947. It works on problems
of radiochemical processing, nuclear and radiation safety,
and monitors environmental safety.
The ESRS was founded in 1958 to carry out research to
find solutions to problems connected with the consequences of radiation leaks from the depository for highly
active LRW that occurred on September 29, 1957. This
was the notorious Kyshtym accident.
Currently these two sub-departments are working in
unison because, in recent years, the ESRS has received
practically no funding.60
Repair and Engineering Workshop
Carries out repairs and services equipment used at the
MCC.
2.7.5. Nuclear Materials Handling at MCC
The information about the amount of nuclear materials
stored at the MCC is scarce. It is known that MCC has
storage facilities for the products of reprocessing, that is
plutonium dioxide (reactor grade plutonium), uranyl
60 Ibid. p. 32.

nitrate hexahydrate, triuranium octaoxide with enrichment
of up to 27 percent of uranium-235, neptunium and a
great number of various isotopes. In addition, MCC hosts
Fissile Materials Storage Facility that will store at least 25
tonnes of weapons-grade plutonium. Spent nuclear fuel,
which is shipped to the MCC, is stored on the premises
before it is reprocessed at RT-1 plant.
Fissile Materials Storage Facility
As part of the Russian-American Cooperative Threat
Reduction (CTR) programme, Russia has been given assistance in the construction of a Fissile Materials Storage
Facility (FMSF) at the MCC for safe storage of weaponsgrade plutonium and highly enriched uranium.The project
was launched in 1992, and a ribbon cutting ceremony was
held in late 2003. But much work remains to be done
before it can begin to accept weapons materials, possibly
by 2005.61
The FMSF has design capacity of 50 tonnes of plutonium
and 200 tonnes of highly enriched uranium. Russia, however, per today intends only to store 25 tonnes of plutonium in the FMSF and no highly enriched uranium.The
25 tonnes of plutonium will use only 6,250 canisters, or
one-quarter of the current MCC facility's capacity of
25,000 canisters. Each canister holds roughly 4 kilograms
of plutonium.62
The construction of the Mayak fissile materials storage
facility comprises a large cross-section of Russian and
American civilian and military contractors. From the
Russian side, the so-called Cooperative Higher Executive
Group, comprised of Minatom and Mayak staff, as well as
St. Petersburg-based lab VNIIPIET and the Southern Urals
Construction Department. From the American side, construction is guided by construction giant Bechtel and the
Department of Defence, both of which have established
headquarters in the nearby town of Kyshtym.
As designed, the Mayak Fissile Materials Storage Facility
consists of a main module, two ventilation centres, a diesel
generator for back-up power, a deactivation unit, an administrative building and a guard post.63
The main storage module is a reinforced concrete installation surrounded by double walls. The first wall is 1.6
meters thick and the second, 1.5 meters thick.There is a
3.6 meter space between them that is filled with sand and
crushed stone. All of this is covered by a roof 7.6 meters
thick.The storage centre is divided into six parts, each of
which contain 528 nests for boxes containing uranium
and plutonium.They are separated from one another by
reinforced concrete blocks.64
61 See Chapter 4, "Russia and International Programmes," section 1.1.2 "Mayak
Fissile Storage Facility" for detailed information on the facility.
62 Bunn, M., "Mayak Fissile Materials Storage Facility," www.nti.org, January 30,
2004.
63 Latysheva, M., "Bomb for Russia," "Versiya," Issue 24, pp. 6-7, June 30 - July 6,
2003. See also Larin,V., "Sostoyaniye yardernoye I radiatsionnoe bezopastnosti
na PO Mayak," TsNIatominform Byulleten No. 12, pp. 20-22, 2000.

The actual canisters of fissile material will be kept vertically in nests in reinforced concrete blocks that are 630
millimetres thick. Each nest will contain two cases that
will, in their turn, contain four baskets with canisters.The
nests will be put in square nets at a distance of 900 millimetres from one another.The nests will be sealed by a
cap 200 millimetres thick. The canisters themselves are
cylinders 500 millimetres wide and 500 millimetres high
with identification numbers on their tops and sides.65

The Fissile Materials Storage
Facility at Mayak Chemical
Combine.
Photo: http://en.wikipedia.org

The canisters' construction includes leak-tight barriers.
The fissile material -- plutonium bars -- will be placed in
claddings of stainless steel 5 millimetres wide. The claddings will be welded and mounted on boron beds which
will isolate neutron exchange between the fissile materials in neighbouring canisters. These canisters will then
themselves be put into larger stainless steel canisters and
welded shut.These will then be placed in outer thermoisolating containers with an external cover of stainless
steel and an inner thermo-isolating lining.The containers
will be closed with bolts that contain space for lead filling.
The filling will take place at the installation where the
warheads are dismantled and their components are put
in canisters.66
Fabrication of the AT-400 R canisters is a joint effort between Russian and American engineers, though the canisters themselves are made in the United States. CTR
shipped 26,450 of these canisters to Mayak, where they
will sit until the facility goes operational. As mentioned
before only 6,250 canisters out of 26,450 will be used,
whereas the current storage capacity is 25,000 canisters.
64 Ibid.
65 Ibid
66 Ibid.
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The top of the storage pool for
spent nuclear fuel at Mayak
Chemical Combine.
Photo:Klipinitser/ITAR-TASS

The canisters meet all International Atomic Energy Agency,
or IAEA, specifications; They do not unseal when dropped from a height of nine meters, they can withstand
temperatures of up to 800 degrees Celsius for a half
hour and can also withstand prolonged submersion in
water. Heat build-up that occurs while storing any fissile
material is dispersed away from the containers by four
tubes positioned around each nest through which cooled
air is pumped.67
It is worth noting that, even though these containers meet
IAEA standards, they have not been through Russia state
certification procedures that were devised to check
them against Russian federal nuclear criteria. Indeed, the
entire construction of the Mayak fissile storage facility
has managed to take place with barely any input from
Russia's independent nuclear regulatory agencies.68
No environmental impact studies from Russia's independent regulatory organisation, formerly known as GAN
were ever conducted. At present, therefore, the entire
67 Ibid.
68 Ibid.
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project is taking place under the safety supervision of
only the U.S. Department of Defence and the Russian
Ministry of Defence.
For more details about the FMSF project refer to
Chapter 3, section 3.1.2 'Mayak Fissile Materials Storage
Facility.'
SNF Storage
Spent nuclear fuel delivered to the MCC for reprocessing
is stored in pool storage located at RT-1 plant site. It has
capacity of 560 tonnes of uranium.There is also a partly
constructed pool storage facility which was projected to
accommodate 2,000 tonnes of uranium.69 As of today,
the construction of the storage is unlikely to be completed. Instead there is a project suggesting building a
buffer SNF cask storage.The storage will accommodate
154 40-tonne casks. The fuel is to come from nuclear
powered submarines.70 Each 40-tonne cask can hold up
to 49 fuel assemblies.71 The project is financed by the
U.S. CTR programme.
69 Bradley, D. J., "Behind the Nuclear Curtain: Radioactive Waste Management in
the Former Soviet Union," Battelle Press, 1997, p.380.
70 Antipov, S., "O sostoyanii I merah po uskoreniu rabot po utilizatsii APL I
nadvodnykh korabley s YaEU," www.minatom.ru, 16 December 2003.
71 CONFERENCE, FEBRUARY 25-MARCH 1, 2001,TUCSON, AZ, "Management
of spent nuclear fuel from decommissioned submarines of Russia's Northern
Fleet," www.wmsym.org, WM'01.

Storage of Nuclear Materials
Safe storage is ensured by the structure of the storage's
containers and cells and by nuclear material loading norms.
The storage is equipped with drainage via trenches with
overflow channels in case water seeps in.
Plutonium dioxide powder produced at RT-1, or reactor
grade plutonium, is stored in 1.93-litre glasses with an
internal diameter of no more than 144 millimetres that
are kept in air-tight containers.The containers are accessible for repair and can be replaced by remote control
should an emergency occur. The air-tight containers are
set in concrete trenches in two rows and two tiers.The
tops of the concrete trenches are closed with lids made
from elastron lined with steel. Air is pumped out constantly to keep the containers in the trenches cool. The
available estimates say that there are 30 tonnes of reactor grade plutonium stored at Mayak.
Uranyl nitrate hexahydrate is stored in containers in a
storage. Some of the containers are stored in a fencedin area near the storage building.The containers are placed
in a grid 2.1 meters apart from each other. This is also
the product of reprocessing at RT-1 which is further used
to produce fuel for RBMK type reactors.
Triuranium octaoxide (U3O8) is stored in MCC Plant
104. U3O8 enriched up to 27 percent by uranium-235
isotopes is loaded into 5-litre and 8-litre containers.The
8-litre containers are stored in concrete trenches in two
rows and two tiers. The 5-litre containers are stored in

concrete trenches in one row and two tiers. The concrete trenches are lined from above with steel. Due to
the uranium's insignificant heat generation, air is not
pumped out of the trenches.
Neptunium dioxide produced as a result of reprocessing
is also stored at the MCC.
Issues of Physical Safety
As well as financing and participating in joint work on
the creation of the Fissile Materials Storage Facility (FMSF)
the United States is also helping to upgrade the materials protection systems at the MCC.
The Russian Atomic Energy Ministry (now the Agency for
Nuclear Energy, or Rosatom) allowed the U.S. DOE to
carry out modernisation of the physical protection systems
in two facilities that contain weapons-grade material at
the MCC: RT1, which stores SNF, and Plant No. 1, in which
oxidization and cleansing of highly enriched uranium is
carried out.
Measures undertaken to modernise security systems at
RT-1 include the repair and installation around the safety
perimeter of metal detectors and radiation detectors;
upgrading of the alarm system's central controls (including
video-monitoring systems); improvement of intermediate
and long-term depositories for plutonium dioxide (which
included strengthening windows and doors; improving
intrusion detection and prevention systems; installation
of measuring equipment and inventory control systems),

The fence around the Mayak
Chemical Combine.
Photo: Bellona.
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as well as delivery of a physical inventory laboratory
with the aim of updating data on plutonium-oxide reserves
in a timely fashion. In 2000 it was suggested that a fence
around long-term storage facilities for plutonium dioxide
and highly enriched uranium be completely installed. In
addition, a complete modernisation of physical safety
systems in intermediate plutonium-dioxide storage facilities was discussed.
A joint group comprising U.S. and MCC representatives
was formed and is working on the creation of a new
depository for long-term storage of plutonium dioxide,
as the current depository will be completely full within
the next few years. As well as modernising the perimeter
and the storage facility itself, measures to improve the
physical protection systems at RT-1 include upgrading
measuring systems for nuclear materials, optimising the
precision and timeliness of taking stock of these materials,
and computerising data collection.
At present, a computerised system for inventorying
nuclear materials is being created, with the aim of carrying out a computerised stock check of plutonium and
uranium reserves in all of the enterprise's production
facilities. Finally, negotiations are in process on the modernization of personal name-tags and control systems for
access to highly enriched uranium facilities located within RT-1.
Nonetheless, the facility is still confronted by the MCC's
persistent problems of low-level theft, security breaches,
and lack of a solid safety culture among employees, many
examples of which are discussed below.The facility is also
potentially vulnerable to terrorist attacks that were unforeseen -- and, indeed, unforeseeable prior to September
11, 2001 -- by its original designers and creators.
Incidents Connected to the Organization of
Physical Security72
Below is a list of examples and anomalies connected to
the organization of physical security at the MCC:
• In September 1998, at an MCC facility storing more
than 30 tonnes of produced weapons-grade plutonium,
an armed Interior Ministry sergeant disappeared from
his workplace, having shot two soldiers and injured
one other.This incident forced then-President Boris
Yeltsin to arrange for inspecting the nuclear-security
conditions at the facility;
• In December 1998, the director of the Federal
Security Service (FSB) informed the news agency
ITAR-TASS that FSB agents had managed to prevent
72 Russian Nuclear Regulatory Organisation, Urals branch, Ozersk inspection,
letter to V.I. Sadovnikov, director of the Mayak plant, No. 04-11-384, 03 June
1999.
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the removal and illegal use of 18.5 kilograms of
weapons-grade nuclear materials from the MCC;
• During an inspection in 1997 of the MCC's empty
TUK-30 transport containers, which had arrived
from the Novokuban Metal Construction Factory
(NMCF), 142 grams of highly enriched uranium were
discovered in a safety container. Investigations uncovered that NMCF workers had not fulfilled inventory
and nuclear materials control requirements;
• In 2001, 210 grams of highly enriched triuranium
octaoxide (U3O8) was discovered in a sealed container during the unloading of a returnable container
at the MCC's loading dock from the AO MachineConstruction Factory;
• Computer system blocks were stolen from Building
401A (territory of Plant 23, 1996);
• Approximately one square meter of timber boarding
was stolen from a warehouse in Plant 23 and later
discovered outside the perimeter of the industrial
area, near Guard Post No. 5, along with three thickwalled aluminium tubes (June 4, 1996);
• A soldier was arrested near the emergency energy
source for the operational reactors LF-2 and Ruslan
while attempting to break into a warehouse on the
premises (July 1997);
• Copper cabling from a repository in Plant 23 was
stolen and burned, leading to a fire in the repository
(June 1998);
• A stash of stolen aluminium rods weighing between
300 and 400 kilograms was discovered outside the
perimeter of Plant 23 near Post No. 4 (March 1999);
• A stash of scrap stainless steel (cuts of tubes and
valves with a high level of radioactive contamination)
was discovered outside the perimeter of Plant 23
near Post No. 5. Also discovered were five rolls of
asphalt felt (May 11, 1999);
• A stash of stolen aluminium rods and thick-walled tubing,
weighing from 300 to 400 kilograms was discovered
outside the perimeter of Plant 23 near the railway
gates (guard post) of Plant 23's Area 1 (May 13, 1999);
• Copper cabling was stolen from the power-supply
system of the administration and defence system of
working reactor LF-2 (May 1999).

The above-listed incidents of thefts are evidence that
Plant 23 does not have a reliable physical defence system,
as hundreds of kilograms of metal or other valuable
materials belonging to the MCC can be carried or transported off the Plant's territory without hindrance.
Production discipline among the personnel is lagging.
2.7.6. Radioactive Waste Handling
A huge quantity of radioactive waste, mainly liquid radioactive waste (LRW), has formed as a result of the MCC's
weapons-grade plutonium separation activity. Some of the
LRW has been accommodated in special storage tanks,
while the rest has been dumped into the nearest bodies
of water.
At present, the main source of formation of SRW and
LRW at the MCC is the RT-1 reprocessing plant (see
section “Nuclear Waste Handling at RT-1”). Other sources are the operation of the reactor plant, the isotope
production plant, and the MOX fuel production plant.
Handling of SRW
The total radioactivity of SRW at the MCC is estimated
at 8.3 million TBq. The combine houses a total of 231
SRW storage sites, including 25 main sites that keep out
atmospheric precipitation and prevent radioactivity from
leaking through to the surface. Of these, 13 are currently
active. In total approximately 500,000 tonnes of waste
are stored in these repositories.
Because of the absence of facilities to reprocess and grind
SRW, only individual types of waste are ground and packaged. SRW is kept in depositories of different types and dimensions. On average, there are 6.6 repositories per hectare.
The total mass of SRW can be divided up as follows:
• highly active, 25,000 tonnes, stored in the main reinforced concrete depositories;
• medium activity, 300,000 tonnes;
• low activity, 150,000 tonnes, stored in trench depositories.73
The end components of spent fuel assemblies from the
preparation and cutting departments, as well as the undissolved sections of these assemblies (fuel cladding, construction material), count as highly active SRW and are
sent for storage in the main depositories.Whether underground disposal of non-technological SRW (materials,
equipment, products, etc.) is carried out depends on the
category of the waste: Category III solid waste is stored
in the main repositories, category II solid waste is stored
in the V-9 storage site, and category I solid waste is stored in the Vostok storage site.

The main storages are made of cast-in-situ reinforced
concrete (for surface storage) or pre-cast reinforced
concrete (for underground storage) and have two or
three layers of water-proofing. The depositories are
equipped with ventilation systems with a multi-stage system for cleaning discharged air. The interior surface of
the compartments of surface-storage depositories is lined
with stainless steel 3 millimetres thick.The water table is
at a depth of 10 to 15 meters.
Disposal of category-II SRW is carried out at the V-9
storage side in trenches 10 to 20 meters wide that form
the escarpment of an existing mound on the surface of
several hills within the boundaries of the area formerly
occupied by the V-9 reservoir.The waste is covered with
a layer of clean earth 0.5 to 1 meters thick laid over the
waste during the first stage, and another layer about 1
meter thick during the second stage.The result is a two
stage cover measuring 1.5 to 2 meters in depth.
SRW formed during the process of storing nuclear materials is collected in leaktight metallic tanks (for highly active
waste) and cotton or plastic compound-based bags (for
medium- and low- activity waste), after which, in accordance with technical regulations, it is sent for storage to
the repository at RT-1.
At present, the main source of SRW formation is the
reprocessing of SNF (see section “Nuclear waste handling
at RT-1”).
Radioactive Waste Handling at RT-1
LRW and SRW are formed during reprocessing of SNF.
Highly active LRW contains about 95 percent of all the
activity of the nuclear waste formed; SRW contains 1 percent of the activity; medium-activity LRW about 5 percent;
and low-activity LRW contains 0.01 percent.The activity
of nuclear waste is mainly determined by the presence
of radionuclides such as strontium-90 and caesium-137.
During the entire period that RT-1 has been operational,
about 3,400 tonnes of uranium SNF have been reprocessed. As a result, about 1.2 million cubic meters of
highly active LRW, more than 4 million cubic meters of
medium-activity LRW, and around 54 million cubic meters
of low-activity LRW have been produced.
Measurement data for the formation of nuclear waste from
reprocessing 1 tonne of SNF from VVER-440 reactors
(spent fuel from which makes up more than 90 percent
of the total reprocessing volume at RT-1) are as follows:
• highly active LRW -- 45 cubic meters;
• medium activity -- 150 cubic meters;

73 Ibid.

59

Waste category

Over entire period
of facility's operation
(1978-1993)

1994-1995

1996-2000

Since 2000

Remarks

Highly active

11,050 m3 in tanks
(~110,000 TBq),
1,700 m3 vitrified blocks
(7.4 million TBq)

520 m3 vitrified blocks

300 m3 vitrified
blocks

72 m3 vitrified
blocks

Storage in special underground
depositories with subsequent
preservation in geological
formations

Medium activity

19,000 m3 pulp (in tanks,
5.2 million TBq).

2,000 tonnes of
bituminous blocks

Low activity

Dumped into reservoir
with partial purification

1,000 tonnes of
bituminous and
cement blocks
Purification with return of treated water
for production needs.

Underground storage of
barrels (200 litres) with
bituminous compound)
Purification in ion-exchange
filters

Solid operational
(mainly low activity)

50,000 tonnes
(unprocessed)

16,000 m3 in liquid form
(dumped into reservoir
No. 9, Karachai)
500,000 m3 (dumped
into standing reservoir
after purification)
3,000 tonnes
(unprocessed)

Waste compacting (incineration, pressing)
reducing volume by 80-90%

Surface concrete depository
at the enterprise

Table 22
Dynamics of nuclear-waste
formation during SNF
reprocessing at the RT-1 facility.74

•
•
•
•
•

low activity -- 2,000 cubic meters;
category III SRW -- 860 kilograms;
category II -- 3,000 kilograms;
category I -- 3,500 kilograms;
gaseous -- 8.5 GBq per year.

Table 22 shows the dynamics of nuclear-waste formation during SNF reprocessing at RT-1.
Handling of LRW
Several estimates give the total radioactivity of LRW stored in various quantities at the MCC as 33 million TBq.75

The third furnace for vitrification
of high-level liquid radioactive
waste at Mayak Chemical
Combine.
Photo:
Valery Bushukhin/ITAR-TASS

At present, some 19,000 cubic meters of highly active
LRW in the form of pulp has accumulated at the MCC.
The total radioactivity of this waste is estimated at 5 million TBq.Twenty tank depositories are used to store the
pulp.These tanks are rectangular concrete modules with

74 Centre for Social Information on Atomic Energy Bulletin. No. 10-11, 1996, p.
30.
75 Larin,V.I., "Kombinat 'mayaka'- problema na veka," Moscow Ecopressenter,
Moscow, p.23, 2001.
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a working capacity of 1,170 cubic meters.The depositories' walls are made of stainless steal and are fitted with
a cooling system, a system to control the retention of
explosive gases in the tanks' unfilled volume, and a system
for diluting gases to non-explosive concentrations. Storage
of highly active LRW is conducted at temperatures
lower than 70°C, with strict control over the level of
solutions in order to avoid fumes and the drying of residues. The extent and frequency of checks over storage
processes for highly active LRW have been established.
There is a time-table for technical diagnostics of the tanks,
and technicians compile a monthly report on their condition.76
An evaluation by Mayak safety personnel of the tanks,
which have been in operation for 32 to 36 years, concluded that they are in a satisfactory condition and can
be allowed to continue operating for a further 25 years.

76 Kuznetsov,V., "Nuclear Danger," revised and updated edition, Epitsenter Press,
Moscow, p. 88, 2003. See also Larin,V., "Kombinat 'Mayak'- problema na veka,"
Moscow Ecopressenter, Moscow, pp. 23-25, 2001.

In addition, highly active nitrate solutions are stored in
special tanks. These solutions are stored in 41 stainlesssteel tanks set in reinforced concrete gullies with metal
linings.The capacity of these gullies is approximately 11,700
cubic meters-though whether they all have the same
capacity is questionable -- and their total activity is 9.3
million TBq. The waste in these gullies contains large
quantities of corrosive products that are unsuitable for
vitrification in the MCC's vitrification ovens (see below).
In addition to this quantity of waste, 2,000-3,000 cubic
meters of highly active LRW with a total activity of up to
3.7 million TBq is produced every year in RT-1 (see section 'Nuclear Waste Handling at RT-1’).
Only highly active and some medium-activity LRW undergoes processing. Unprocessed medium- and low-activity
LRW is dumped into open water systems.
In 1987, the first furnace for LRW vitrification was launched
at the MCC.This method consists of thermal processing
(evaporation) of waste at temperatures of around
1,000°C and subsequent burning of the waste together
with a special mixture, as a result of which the waste is
transformed into vitrified, or glass, form.
The first experimental vitrification furnace operated for
13 months and was shut down in February 1988. During
this period, about 1,000 cubic meters of LRW from
highly enriched nuclear-fuel reprocessing was reprocessed,
and 160 tonnes of phosphate glass with total activity of
148,000 TBq was obtained.77
The Waste Vitrification Plant (EP-500R/2) began work on
the base of the second furnace in June 1991. The plant
worked through two engineering life spans. In six years
of operation, it vitrified 11,000 cubic meters of highly
active LRW, producing 2,000 tonnes of phosphate glass.
In 1997, when the furnace was shut down, the total
radioactivity of the vitrified waste was somewhere on the
order of 10.5 million TBq.
The first two furnaces have ceased operation and, themselves, constitute solid waste.
Complications arose with a third furnace, an EP-500R/3
model.The furnace should have begun operation in 2000.
During start-up operations, however, serious miscalculations were discovered in the rendering of the furnaces’
tributary devices, which were found to be non-stable for
the particular operating environment. Currently, the EP500R/3 works at productivity of 350 litres per hour,
while its engineered productivity is 500 litres per hour.
77 Larin,V.I., "Kombinat 'mayaka'- problema na veka," Moscow Ecopressenter,
Moscow, 2001.

The resultant liquid glass, which contains all of the radionuclides of the highly active LRW, is poured into steel
canisters.Three of these liquid-holding canisters are packaged into casks, which are set in pairs in each of the
storage's shafts.The depository itself is divided into seven
sections, each of which has 338 shafts. The storage is
equipped with a cooling system and a gas purification
system. Approximately 30 percent of the accumulated
plutonium-product waste had been vitrified by 2003.78

The storage for vitrified high-level
radioactive waste at Mayak
Chemical Combine.
Photo:
Valery Bushukhin/ITAR-TASS

78 Ibid.
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Problems Related to Radioactive Bodies of
Water
The natural and artificial bodies of water within the
MCC's zone of influence that have been polluted by
LRW can be divided into four basic groups:
• Rivers into which highly active LRW has been dumped
in the first stages of plutonium production, leading to
the accumulation of a large quantity of long-lived
radionuclides in bottom sediment.This primarily
pertains to the River Techa;
• Reservoirs used for disposal of LRW with various levels
of radioactivity.This refers to reservoirs V-2,V-3,V-4,V6,V-9,V-10,V-11 and V-17, formed after damming of
the polluted upper reaches of the River Techa.These
reservoirs were constructed especially to prevent the
further distribution of radioactivity downstream;
• Reservoirs polluted as a result of the explosion at the
depository for highly active LRW in 1957 and located
in the East Urals Radioactive Trace.The largest of these
are lakes Berdenish and Uruskul, located in close proximity to the MCC sanitary protection area.Their
levels of radioactivity are far lower than the levels in
reservoirs used for disposal of LRW from main production;
• Underground radioactive reservoirs formed as a result
of leaks of LRW stored in natural reservoirs without
insulated bottoms.

Map 4 Location of the MCC
in the Chelyabinsk Region.

Work is presently continuing on the construction of a
fourth furnace at Plant 235, where RT-1 reprocessing
plant is located.
Medium-activity LRW formed during reprocessing of SNF
is partly dumped into the V-9 reservoir, and partly -- after
evaporation -- is sent for vitrification with the highly active
LRW.
Low-activity LRW formed during reprocessing of SNF is
sent after neutralisation to the cleaning operations at
Plant 22 along a radioactive drain. After cleaning it is
dumped into the V-2 reserve water supply reservoir.The
reclaimed water enters reservoirs V-3 and V-4 of the
Techa reservoir system, from where it goes through
cross-flows to reservoirs V-10 and V-11.

Artificial and natural reservoirs were selected and created
randomly, without detailed hydrological or geological
research.Work on essential refinements began after it was
established that the reservoirs selected as depositories
had no reliable leak-proof layer underneath them.There
was neither the time nor the technical and material possibility to create artificial leak-proofing. In addition, several
reservoirs turned out to have porous limestone cavities
and canals underneath them. All of this led to deeper
leakage of LRW and pollution of deep water deposits.
The largest sources of pollution of underground water
in the area around the MCC are Reservoir 9 (Lake
Karachai, V-9), Reservoir 17 (Staroye Boloto, V-17), and
the Techa reservoir system. The lion's share of pollution
of the underground hydrosphere is made by Lake
Karachai. Corresponding data show that some 4 million
cubic meters of LRW has leaked out of Lake Karachai
and been distributed over an area of approximately 10
square kilometres.79

79 Larin,V.I., "Kombinat 'mayaka'- problema na veka," Moscow Ecopressenter,
Moscow, 2001.

62

Type of waste

Volume (m3)

Radioactive concentration

Waste radioactive drainage water
Waste special cleaning water
Waste industrial drainage water
Normal and internal-usage water

0.4-0.5 millions
70-80 millions
20-25 millions
6-7 millions

up
up
up
up

to
to
to
to

3,700 kBq/l
370 kBq/l
37 kBq/l
3.7 kBq/l

Table 23 The MCC dumps the following radioactive waste into the Techa reservoir system.
MCC Reservoirs' Main Features
Several natural lakes and bodies of water in the area
around the MCC are still used as reservoirs for storage of
LRW, including V-2 (Lake Kysyltash) and V-9 (Lake Karachai).
The volume and type of this waste is shown in table 23.
Reservoirs V-3,V-4,V-10,V-11 and V-17 are often referred
to as industrial reservoirs and form a chain of reservoirs
in the upper reaches of the River Techa.
More than 95 percent of radioactive fallout consisting of
strontium-90 and caesium-137 comes from the Techa
reservoir system, and primarily reservoir V-9 (Lake
Karachai).
In 1998, the average level of caesium-137 atmospheric
radioactive fallout in the 100 kilometre zone around the
MCC was 20 times higher than the average across the
whole of Russia.The average concentration of strontium90 in the water of the River Techa for 1998 was 3.4 times
higher than the allowable concentration, and 3,700 times
higher than the background level for rivers in Russia.
Reservoir V-5 is formed by the confluence of Lakes
Bolshoe Kasli, Silach, Sungul and Kirety due to the water
level being raised by dam P-5. Lower, the reservoirs V-1
and V-2 were created by raising the levels of Lakes Irtyash
and Kysyltash by dams P-1 and P-2.
Reservoirs V-1, V-2 and V-5 are regulated by hydraulic
equipment. Excess water is dumped via channels into the
River Techa, bypassing reservoirs V-10 and V-11. In order

Reservoir

V-5
V-1
V-2
V-3
V-4
V-10
V-11

to allow floodwaters out of reservoirs V-1 and V-5, it is
planned to build hydraulic structures for the disposal of
water from reservoir V-5 into the River Karabolka.
Regenerating solutions used to clean structures and
reprocessed radioactive drainage water are poured into
reservoir V-3.
• Regenerating solutions from chemical apparatus used
for the treatment of technical water, and polluted effluent from industrial areas, enter reservoir V-4.
• LRW is fed into reservoir V-11.
• Reservoir V-2 is used as cooling water for MCC
installations. Processed hot water is dumped into the
discharge channel. Water from holding pools and
shafts, transport galleries, and shower and laundry
blocks is also dumped into this reservoir.
• Reservoirs V-1 and V-5 are earmarked as a supply of
drinking and industrial-use water, as well as for fishing
and recreation.
• It is planned to use reservoir V-1 for regular influxes
of water into spray ponds and cooling towers for
cooling the reactor sections of the South Urals Nuclear
Power Plant, which is currently under construction.
• It is planned to use water from reservoir V-10 to cool
turbine condensers in the machine rooms of the South
Urals Nuclear Power Plant. During water shortages,
additional water will be taken from reservoir V-11 for
use in all three reactor blocks at the planned nuclear
station.
The basic hydro-engineering features of the reservoirs
are shown in table 24.

Absolute mark (m)
Normal
Maximum
level
level

Water
table area
(km2)

Capacity
(millions
of m3)

Depth (m)
Average

Maximum

233.5
227.7
225. 0
223. 05
219.8
219.8
216. 82

60
70.2
18 2
0.8
1.3
18
43.6

258
528
81.2
0.8
4
735
291

7.5
4.7
1
3.1
4.1
5.2

16
6.5
86
12.3

233.7
228.0
223.19
220.20
219.92
217.32

Table 24 Reservoirs' basic hydro-engineering features.
(Reservoir dimensions shown under normal support level).
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Activity of LRW in Reservoirs
In terms of accumulated total activity and specific alphaand beta-radiation activity in their water phase and bottom sediment, the MCC's LRW depository reservoirs
can be conditionally divided into three groups.
The first group comprises V-9 and V-17, which have a total
radionuclide activity of approximately 4.4 million TBq and
about 74,000 TBq, respectively, with an average specific
water phase activity of about 15 GBq per cubic litre in V-9
and some 2.2 GBq per cubic litre in V-17. The specific
alpha activity of the bottom sediment of V-9 is about 37
to 3.7 MBq per cubic litre, and the specific beta activity
of the bottom sediment is near 63 GBq per cubic litre.
The second group includes V-3, V-4 and V-10. The total
radionuclide content of V-3 is about 1,600 TBq, V-4 is
some 270 TBq.The specific activity of the water phase of
V-3 and V-4 is about 3.7 to 0.37 MBq per cubic litre.
Although the specific activity of the bottom sediment in
V-10 is substantially lower than in V-3 and V-4, V-10 can
be included in the second group because of its high total
radionuclide content-some 8,500 TBq.
The third group can include LRW depository reservoirs
V-2,V-6 and V-11, which have total activities of some 814
TBq, 11 TBq and 962 TBq, respectively.The specific activity
of their water phases is about 37 to 3.7 kBq per cubic litre.
Thus, the MCC's LRW depository reservoirs can be
divided into the following three groups:
• First group:V-9,V-17;
• Second group:V-3,V-4,V-10;
• Third group:V-2,V-6,V-11.
Reservoir No.

Radioactivity (TBq)

V-9
V-17
V-10
V-3
V-11
V-2
V-4
V-6

4.4 million
74,000
8,500
1,600
962
814
270
11

Table 25 Content of radioactivity in the reservoirs.
Potential Dangers of Surface Storage of LRW
in the Techa River System
Analysis of the features of the LRW depository reservoirs
allowed a range of basic factors-particular in one way or
another to all the depository reservoirs under consideration-to be distinguished. Below is a list of factors defining
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the potential danger of the LRW depository reservoirs
to the environment:
1. Significant radionuclide content;
2. Presence of long-lived radionuclides;
3. Escape into the atmosphere of radioactive aerosols
formed on the LRW depository reservoirs' water table;
4. Wind-assisted dispersal of radionuclides from the
banks of LRW depository reservoirs;
5. Absence in most cases of a system of barriers to the
possible distribution of radionuclides via underground
water systems;
6. More than 95 percent of all radionuclides accumulated
in LRW depository reservoirs are concentrated in bottom
sediment.The presence of uranium and plutonium in the
reservoirs' bottom sediment could lead to a self-sustaining
fission chain reaction;
7. Virtually all LRW depository reservoirs have hydraulic
constructions (dams, locks, bypass canals, water-exchange
stations, etc.) that would be a danger factor should they
be damaged or break down.
For example, from the point of view of possible radiation
effects, the most dangerous potential events in the
MCC's LRW depository reservoirs include:
• Whirlwinds over V-9 leading to the escape of radioactivity;
• Drying-out of V-9 banks and wind-assisted dispersal
of radionuclides;
• Filtration of radionuclide-polluted water out of V-9
and distribution of radionuclides via underground
water systems;
• Processes leading to localised increases in concentrations of fissionable radionuclides to dangerous levels
and an accompanying self-sustaining chain reaction;
• A breach of dam No. 11 and the subsequent escape
of radioactive water flows beyond the boundaries of
the Techa reservoir system.
A breach of dam No. 11 and a one-time large-scale leak of
up to 20x108 cubic meters of radionuclide-polluted water,
with total bottom-sediment activity of up to 555-740
TBq into the general drainage network would bring
catastrophic ecological consequences for the Iset-TobolOb river system. Evaluations have shown that should
dams No. 10 or No. 11 be completely breached, the
wave crest would reach the village of Muslimovo -- the
nearest population centre -- in roughly eight hours.
Therefore, preventing the water level in reservoir V-11
from reaching the highest allowable mark, and guaranteeing
the operational safety of the Techa reservoir system's
installations (in particular dams 10 and 11), should be

seen as one of the key priorities for the safe operation
of the Techa reservoir system.
One example shows that such breaches are a very realistic
concern. As a result of anomalously high precipitation
levels in the middle of May 2000, the water-level in
reservoir V-11 reached the maximum allowable mark of
206.5 meters, and on June 5, 2000, exceeded it, reaching
206.62 meters.
Violations of Legislation During Reservoir
Operation
At present, the LRW depository reservoirs operate
mainly in accordance with industry-defined documentation that outlines water-balance requirements, fluctuations
of the water-surface level, allowable disposal, prevention
of wind-assisted dispersal of radionuclides from the reservoirs' shorelines, reservoir-conservation methods, how to
organize and implement supervision of the environment
during and after conservation periods, among other items.
These documents were mainly created on the basis of
Soviet legislation, and as a rule do not reflect approaches
to guaranteeing the safety of rehabilitating the territory
surrounding the MCC, in the light of contemporary
requirements made by the legislation of the Russian
Federation, international legal documents and recommendations from international organizations.
A range of provisions in normative legal documents could
be violated by operating the LRW depository reservoirs
at the MCC, listed in part below:
• The MCC makes no provision for reliable insulation
of the environment from nuclear waste (Federal Law
On the Use of Atomic Energy, Article 48);
• The MCC makes no provision for present and future
generations or biological resources concerning the
radiation effects of nuclear waste above the limits
prescribed in norms and rules for the use of nuclear
energy (Federal Law On the Use of Atomic Energy,
Article 48);
• The MCC breaches a ban on dumping and storage of
radioactive substances in bodies of water (Water Code
of the Russian Federation, Article 104);
• The MCC's conditions and methods of collection,
storage and disposal of nuclear waste are not environmentally safe (Federal Law On Protection of the
Environment, Article 51, section 1);
• The MCC breaches a ban on dumping nuclear waste
in surface and underground bodies of water, drainage
areas, subsoil and soil (Federal Law On Protection of
the Environment, Article 51, Section 2);
• The MCC makes no provisions for maintaining the

formation of nuclear waste at the minimum practicably
allowable level (The Joint Convention on the Safety
of Spent Fuel Management and on the Safety of
Radioactive Waste Management, Article 11,
paragraph ii);
• The MCC places an excessive burden on future generations (The Joint Convention on the Safety of Spent
Fuel Management and on the Safety of Radioactive
Waste Management, Article 11, paragraph vii);
• The formation of nuclear waste at the MCC is not
kept to the minimum practicably possible level
(Principles of Radioactive Waste Management,
International Atomic Energy Agency (IAEA), series
No. 111-F, principle 7);
• The MCC practices unsuitable methods of nuclearwaste formation and management, taking into account
the interdependence of waste formation at all stages
(Principles of Radioactive Waste Management, IAEA,
series No. 111-F, principle 7).
Construction Plans for the South Urals NPP
The management of the MCC plans to resume construction of the South Urals Nuclear Power Plant in 2004.
Construction will be completely financed from the Russian
federal budget, and the projected cost of construction
for the first reactor block is €950,000. The plant should
be operational by 2015 according to amendments in the
former atomic ministry's "Development Programme for
the Atomic Industry Until 2015." It is slated to consist of
three primary-sodium fast-reactor blocks, each with a
power capacity of 800 megawatts.
It is planned to use uranium-plutonium fuel in the BN800 reactors, which will burn weapons-grade plutonium,
as well as the “burn off ” of long-life isotopes (actinides)
in SNF.
The main argument that the former Russian Ministry of
Atomic Energy and the MCC constantly cite is their conviction that the upper reservoirs of the Techa reservoir
system are close to over-saturation, and there are only
two ways to resolve this problem: create another large
water depository, or to build the Southern Urals Nuclear
Power Plant over one of the reservoirs. According to the
former Atomic Energy Ministry's estimates, the temperature of the water in the reservoirs will rise by 6-8°C
when the three reactor blocks of the plant are working.
This is enough to increase evaporation from the reservoirs by 20 million cubic meters, and therefore to eliminate the danger of over-saturation.
According to proponents of the NPP construction, operation of the station could reduce the water levels in the
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Techa system -- which today are extremely high -- by
evaporation. However, building this nuclear plant makes
little sense, as a dam could burst in the next one to five
years. Besides, not even Russian nuclear regulators have yet
received any worked-up projects or calculations showing
that construction of the Southern Urals Nuclear Power
Plant will indeed resolve the problem of the Techa system, or, conversely, that it will not lead to increased evaporation in the water depositories and increased radioactive-aerosol contamination of the air. The alternative
option -- cleaning the radioactively contaminated waters
of the Techa system -- is not even being considered.
2.7.7. Radiation Incidents and Accidents
Registered at the MCC80
• March 15, 1953 -- A self-sustaining chain reaction in
Plant No. 25 occurred. Plant's personnel were overexposed to radiation;

Training for nuclear accidents.
Photo:
Mikhail Rogozin/ITAR-TASS

• October 13, 1954 -- An explosion of technical equipment and the collapse of part of a building took place;

Map 4
The EURF

80 Vladimir Kuznetsov, former Russian Nuclear Regulatory Organisation inspector
and yearly Russian Nuclear Regulatory Organisation reports.
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• April 21, 1957 -- A self-sustaining chain reaction in
Plant No. 20 in the oxalated decantate collector after
precipitation of enriched uranium occurred. Six people
(four women and two men) received radiation doses
between 3 and 10 Gy. One of the women died;
• July 29, 1957 -- The notorious Kyshtym accident, topped
only in nuclear history by the Chernobyl disaster.The
accident took place as follows: As a consequence of
defects in the construction of reservoirs for holding
highly active LRW, radiation overheated in one of the
reservoirs, leading to an explosion of the nitrate-acetate
mix it contained. As a result of the explosion, radioactive substances with a total activity of 740 million
GBq were released. Ninety percent of the released
radioactive fallout settled in the zone around the
industrial area, while the remainder (74 million GBq)
formed radioactive clouds at an altitude of up to one
kilometre.This activity was dispersed by the wind
over a considerable area, leading to radioactive contamination of the northern part of Chelyabinsk Region
and the southern part of Sverdlovsk Region.The contaminated area, which was consequently named the
East Urals Radioactive Footprint (EURF) (see map 4),
covers almost 20,000 square kilometres where the
minimum measurable level of radioactive strontium-90
is 3.7 GBq per square kilometre. Another 1,000 square
kilometre area affected by the explosion produces
strontium-90 contamination readings of 74 GBq per
square kilometre. At the time, 272,000 people were
living in the contaminated area;

• October 2, 1958 -- A self-sustaining chain reaction in
Plant No. 20 took place. During the self-sustaining chain
reaction, personnel received radiation doses of between 76 and 130 Gy.Three of the researchers died,
and one contracted radiation sickness and went blind;
• July 28, 1959 -- A variety of technical equipment
exploded;
• December 5, 1960 -- A self-sustaining chain reaction
in Plant No. 20 occurred. Five people suffered overexposure to radiation;
• February 2, 1962 -- An explosion occurred in a sorptive column, breaking the apparatus;
• September 7, 1962 -- A self-sustaining chain reaction
in Plant No. 20 occurred.Three surges of radiation
accompanied the reaction;
• December 16, 1965 -- A self-sustaining chain reaction
took place in Plant No. 20 and lasted 14 hours;
• December 10, 1968 -- A self-sustaining chain reaction in
Plant No. 20 occurred. A plutonium solution was poured into a dangerously configured cylindrical container.
One person died, and one other received a high radiation dose and contracted radiation sickness, after which
both of his legs and his right arm were amputated;
• February 11, 1976 -- As a result of actions by unqualified
personnel, a self-catalyzed reaction of concentrated
nitric acid and complex-composition liquid took place
at the SNF reprocessing facility's department for
extraction refinement of power-producing plutonium
solutions.The repair zone and neighbouring zone of
the Facility were radioactively contaminated;
• November 16, 1990 -- An explosive reaction in reagentcontaining tanks occured.Two people received chemical
burns, one died;
• July 17, 1993 -- An accident in the MCC's Radioisotope
Facility, involving breakage of a sorption column and
the subsequent release into the environment of an
insignificant quantity of alpha aerosols, took place.The
failure of column SN-04 in the MCC's Radioisotope
Facility happened when gases freed in an exothermic
self-destructive sorbent called anionite VP-1AP interacted with nitrates at high temperatures.The gas
release was almost an explosion. Its resin heated up
to such a high temperature because the sorbent layer
absorbed some 400 grams of plutonium 238.The

released alpha aerosols did not exceed 7.4 MBq, or 2
percent of the daily allowable level for MCC personnel.
The radiation release was localized within the boundaries of the shop's production premises;
• August 2, 1993 -- An accident on the pulp-production
line's LRW-purification equipment (MCC Plant 22)
occurred due to depressurisation of a corroded pipeline. About 11 GBq in 2 cubic meters of radioactive
pulp spilled onto the ground in the industrial area,
contaminating an area of about 100 square meters.
The radioactive footprint was localised, and the contaminated soil was removed;
• December 27, 1993 -- Radioactive aerosols were
released from the MCC's Radioisotope Facility into
the atmosphere.The release contained alpha activity
of 1.2 GBq, and beta activity of 13 MBq;
• February 4, 1994 -- An increased release of radioactive
aerosols was detected in MCC Plant No. 235. As a
result, beta activity of twice the daily level occurred;
the daily norm for caesim-137 was released, and a
total activity of 580 MBq was recorded. The aerosols
were formed in an empty hydro-seal in an unused
vitrification furnace;
• March 30, 1994 -- A release of caesium-137 equalling
three times the daily level occurred, and beta activity
exceeding daily norms by 1.7 times, and alpha activity
over daily norms by 1.9 times were detected during
the changeover to a reserve ventilator in the MCC's
Plant No. 45;
• From May 20 to May 23, 1994, beta aerosols with
total activity of 380 MBq were released through the
ventilation system of Building 120/12 of the MCC's
Plant No. 235. Caesium-137 releases were 83 percent
of the stipulated control level;
• July 7, 1994 -- A radioactive area of several square
decimetres was discovered in the MCC's Instrument
Factory No. 40.The exposure dose had an exposure
rate of 0.3 mGy/h.The contamination occurred as a
result of leaks from an insulated drainage channel in
Plant No. 45;
• August 31, 1994 -- An increased release of radionuclides
into the air pipe of Building 101 of the MCC's reprocessing facility occurred.The total release was 8.8
GBq, of which the share of caesium-137 formed 4.36
percent of the yearly allowable release limit for this
radionuclide.The increased radionuclide release was
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the result of depressurisation of fuel rods in spent fuel
assemblies of the VVER-440 reactor while the end
pieces of the assemblies were being cut off in a regular operation.The Fuel rod depressurisation occurred
as a result of an uncontrolled electric arc that led to
the thermic breaching of the casings of several fuel
rods. An investigation revealed that the workers permitted breaches of labour and official instructions;
• March 24, 1995 -- plutonium load in Apparatus AD6531-1 in the MCC's Plant No. 235 discovered to be
19 percent above the norm; this can be seen as a
nuclear-danger incident.The reason for the incident
was breaches of technical regulations by MCC workers;
• August 15, 1995 -- A flow of cold water was detected
in the space under vitrification furnace EP-500/1-r for
highly active LRW.The likely reason for the water flow
was the influx of condensation from one of the
depressurise elements of the coolant circuit loops;
• December 21, 1995 -- Four MCC workers were
exposed to radiation levels of 17, 5.9, 4.5, 3.4 mGy,
respectively, during the cutting of a thermometric
channel.The reason for the incident was a breach of
technical regulations by the workers;
• July 24, 1995 -- A release of caesium-137 aerosols
making up 0.27 percent of the enterprise's yearly allowable release limit occurred at one of the installations;
• September 14, 1995 -- A sharp increase in alpha-nuclide
contamination of the air in the control room in Plant
No. 235 during changing and lubrication of step-type
manipulators using self-registering and signalling
equipment was recorded;
• October 22, 1996 -- Depressurisation of a coolantwater coil occurred in one of the depository tanks
for highly radioactive waste in Workshop No. 4 of
Plant No. 235, which receives highly active waste
from radiochemical production and puts it into longterm storage. As a result, the depository's cooling
system was contaminated, as radionuclides entered
the feed system for the industrial water that cools
the depository's tanks through the hole that formed
in the coil during the depressurisation. As a result of
the incident, 10 of the department's workers received radiation doses of from 2.2 to 48 mSv;
• November 20, 1996 -- A release of aerosol radionuclides into the atmosphere occurred at the ChemicalMetallurgical Facility during preventative maintenance

on the electrical equipment of an air-extractor fan.
The release was the equivalent of 10 percent of the
Facility's annual allowable release;
• August 27, 1997 -- A contaminated floor area of 1 to
2 square meters was detected in Workshop No. 4 of
Facility RT-1.The gamma radiation dose from the spot
was from 40 to 200 micro-roentgen per second.The
contamination formed because the sump of the walking
conveyer in furnace EP-500/2 was overloaded because
of a valve leak during cleaning of the header using
stripping solution;
• October 6, 1997 -- Increased background radiation was
detected in Assembly Building 945 at RT-1. Measurements of the exposure dose revealed levels of up to
0.2 mGy/h-and in some places, up to 0.6 mGy/h.The
source of the background radiation spike was an
industrial water header that was earmarked for repair
and as a result was disconnected from the water supply;
• September 23, 1998 -- Allowable power-levels were
exceeded by 10 percent when the power-level of
reactor LF-2 (Lyudmila) was increased after the core
was engaged. As a result the allowable level of water
heating was exceeded in several technological channels.
Some fuel rods were depressurised in three channels,
which led to contamination of equipment and piping
in the first-loop.The xenon-133 content of the release
from the reactor over 10 days exceeded the annual
allowable level.The reactor was stopped for preventative maintenance;
• September 9, 2000 -- An hour and a half long power
black out occurred at the MCC, which could have led
to an accident.The Urals Inter-Regional Territorial
District branch of Russian Nuclear Regulatory
Organisation asked the Environment Protection
Prosecutor of the Chelyabinsk Region to carry out an
investigation. After examining the case, the Prosecutor
decided not to open a criminal case, because there
were no emergency consequences;
• April 24, 2003 -- radiation release was detected at
Plant 20.81
2.7.8. Radiation Exposure of the Population in
the MCC's Activity Zone and in the East Urals
Radioactive Trace
The radiation situation at the MCC is formed as a result
of the following:82
• disposal in 1949-1951 of radiochemical production
run-off water into the drainage network, leading to
81 Urals Branch of Russian Nuclear Regulatory Organisation, monthly report, April
2003.
82 Bømer, N. and Nilsen,T. "Reprocessing plants in Siberia," Bellona Working paper
4:1995
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radioactive pollution of the floodplain and channel of
the River Techa (100,000 TBq);
• the chemical explosion in 1957 of a tank containing
radioactive waste from SNF reprocessing (74,000 TBq);
• wind distribution in 1967 of radioactive particle pollutants from the drought-ridden coast of Lake Karachai
(22 TBq).
From 1948 to the present, the MCC has released approximately 180,000 TBq of radionuclides into the environment, as a result of which a 25,000 square kilometre area
has been contaminated. Approximately 500,000 people
have received increased radiation doses.
In some places the concentration of dangerous chemical
substances in the atmosphere greatly exceeds the maximum allowable concentration. On many occasions the
allowable limit of disposal of pollutants into water has been
exceeded.
Unfortunately, there is as yet no complete picture of how
the population has been impacted by the operation of the
MCC. We are obliged to limit ourselves to fragmentary
evidence garnered during an unsystematic analysis of the
effects of individual sources of pollution.
After the accident of 1957, the worst pollution was suffered by the Kaslinsky, Kunashaksky and Argayashsky districts
of the Chelyabinsk Region, as a result of which 10,200
people were resettled. Exposure to radiation in the footprint was a combination of external and internal exposure.
Ninety percent of the radioactive substances released as
a consequence of the 1957 accident consisted of shortlived isotopes. As a result of the (mainly gamma) radiation
fallout, the contamination density of short-lived isotopes
has fallen by over 97 percent in 25 years.At the same time,
strontium-90 activity has dropped by only 45 percent.
The remaining 10,700 people who stayed in areas with
a strontium-90 density of 37 to 150 GBq per square
kilometre received a radiation dose of 38 mSv to their
red bone marrow, mainly due to radionuclides entering
their systems from locally produced food.

the greatest doses. About 7,500 people in 20 population
centres received medium effective equivalent doses of
between 35 and 1,700 mSv. Inhabitants of the village of
Metlino received the largest doses (1.7 Sv, 1,200 people).

The Techa River and the
Muslyumovo village.
Photo: Bellona.

The village of Muslyumovo stands out among non-evacuated centres of population with the most adverse radioactive background. In terms of the total dose it received,
this village is critical.The effective equivalent dose in children exceeds 5 to 10 mSv/year.

The collective effective equivalent dose for the evacuated
population was 1,300 man-Sv, while for those who
remained within the footprint it was 4,500 man-Sv.

Among the population of other centres of population in
Chelyabinsk and Kurgan Regions along the Techa and
Iseti rivers, the effective equivalent dose is from 35 to
160 mSv, including the formation time for the basic dose
in the first years after contamination.

Inhabitants of population centres in the Techa River basin
suffered significant exposure to radiation. The number
exposed is estimated at 124,000. Inhabitants of villages
along the banks of the river (28,100 people) received

The upshot is that some 500,000 people have indirectly
suffered an increased level of exposure to radiation as a
result of incidents, accidents and the everyday work of
the MCC.
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2.8. Seversk. History and Location
The Siberian Chemical Combine (SCC) in the Tomsk
region ranks among Russia's most important nuclear fuel
cycle plants and is mainly associated with the country's
nuclear weapons industry.The plant produces plutonium,
uranium and transuranic elements.
The Tomsk region is located in the south of the Western
Siberian Plain (Map 5). It borders the Krasnoyarsk,
Kemerovo, Novosibirsk and Tyumen Regions.The territory
of the Tomsk region is 316,900 square kilometres and is
divided into sixteen administrative districts.

Map 5
Russia -- in detail: Seversk Area.

70

As of January 1, 2000, the population of the Tomsk Region
was 978, 000; with an average density of 3.2 people per
square kilometre. Most of the population resides in the
south: There are 500,000 people in the city of Tomsk,
100,000 in Seversk and 50,000 in Asino. The personnel
of the SCC live in Seversk, 15 kilometres northwest of

the region's central city of Tomsk, located on the Tom
River's east bank.
The SCC is Russia's most dangerous source of radionuclide contamination of underground and surface waters,
soil mantle, biota and of the atmosphere. In the event of
any spills, exposure hazards for humans increase dramatically.Though the Mayak Chemical Combine is considered
the world's most radioactively contaminated location, it
is not as dangerous as the SCC in terms of underground
dumping.
On March 26, 1949, the government of the former
USSR issued Decree No. 1252-443 as a step toward
establishing the SCC. It was then built as a single complex hosting all manner of production except uranium
mining and processing.
But 1953 is considered SCC's birthday. Its first batch of
enriched uranium was produced in August of 1953.The

Reactor Plant
Reactor name

Type

I-1
EI-2
ADE-3
ADE-4
ADE-5

Uran-graphite
Uran-graphite
Uran-graphite
Uran-graphite
Uran-graphite
Table 26 Reactors at SCC.

Date of commissioning

Date of decommissioning

1955
1956
1961
1964
1965

1990
1991
1992
In operation
In operation

first weapons-grade uranium was released on June 28,
1955. On an industrial scale, the SCC's nuclear production of plutonium ranks among the highest in the world.
The SCC's domestic and international counterparts are
Mayak, or Chelyabinsk-65 (Russia), Hanford (Washington
State, USA) and Sellafield (Northwestern UK).The SCC
is estimated to have produced 70 tonnes of plutonium
since its inception.
Russia's Ministry of Atomic Energy issued a decree to stop
using plutonium obtained from the SCC's reactors for
nuclear weapon production beginning on November 1,
1994.
2.8.1. Main Structural Subdivisions
The SCC operates the reactor plants83 shown in Table 26.
The reactor plant used to operate reactors I-1, EI-2,
ADE-3, ADE-4, and ADE-5, which went on line in 1955,
1956, 1961, 1964, and 1965, respectively.Three of them
were shut down in 1990, 1991, 1992. At present, two
reactors -- ADE-4 and ADE-5 -- are still operating, producing heat, electricity and weapons-grade plutonium.
At the decommissioned reactors, a complex engineering
programmes to inspection systems and structures, dismantlement systems and elements, and work with concrete is currently being implemented.84 The deadlines for the
complete dismantlement of the reactors remain unknown.
Initially, the plant was designed to produce weaponsgrade plutonium. But the AES-2 nuclear power plantincorporating the ADE-4, ADE-5 reactors-has also been
used for generating heat and electric power. In 1973 a
heating main line for the city of Tomsk was built, which
made it possible to provide the city with heating energy.
At present, the reactors are generating 30-35 percent of
the heat necessary to sustain the warmth of the Tomsk
community, and more than 50 percent of heat for Seversk
and the combine's sites. ADE-4 and ADE-5 will be operating in such a mode until December 31, 2008.The construction of substitute power sources, particularly a standard thermo-electric plant or a nuclear power plant for
a heat supply of 500 MWatt (AST-500), is planned to be
83 Official website of the Siberian Chemical Combine, www.shk.tomsk.ru.
84 Gosatomnadzor Report of 2002.

been completed by that 2008 shut-down date for the
ADE-4 and ADE-5.
The fulfilment of an initial agreement with the United
States to modernize and convert the cores of ADE-4
and ADE-5 was completely neglected on Russia's side and
lost in the Washington political bureaucracy by the
Americans who were financing it (see Chapter 3.1.5,
"Shutting Down Russia's Plutonium Reactors"). The
modernization method, known as "core conversion,"
would have converted the reactors into a special operation mode that would have excluded the use of fuel
enriched up to 90 percent of U-235, thus making plutonium production in the reactors impossible.85
Now, the spent fuel from ADE-4 and ADE-5 is reprocessed at the SCC's reprocessing plant. Plutonium dioxide
obtained from the reactors is put into storage on site.86
Isotope Separation Plant
The separation plant was established in 1953. It enriches
uranium with the isotope U-235. The separation plant
houses a centrifugal technology. In 1992, a separate centrifugal module was created, which allowed for the
enrichment not only of natural uranium, but also uranium from the reprocessed spent nuclear fuel (SNF)
from power reactors.The plant has a unit enabling highenriched uranium (HEU) to be mixed and converted
into low-enriched uranium (LEU), which powers commercial reactors. Aside from uranium enrichment, the
plant produces stable isotopes, such as xenon-124,
xenon-126, xenon-128, selenium-74, tin, and others. It
also provides uranium enrichment for foreign companies on a contract basis.
Sublimate Plant
The sublimate plant was started in 1954. Its main products are uranium oxides and hexafluoride. Both natural
and reprocessed uranium, cleared at the radiochemical
plant, are used as the raw material.
A HEU oxide fluorination facility was built to fluorinate oxides from the SCC's chemical-metallurgical plant and the
industrial complex at Mayak. The sublimate plant also
85 Kuznetsov,V.M., "Nuclear Danger," second edition, revised and updated,
Epitsentr Publishers, Moscow 2003.
86 Digges, C., "Russia and America OK Deal to Shut Down Plutonium Reactors,"
Bellona Web, www.bellona.org, Oslo, March 17, 2003.
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The plant reprocesses and purifies highly enriched weapons-grade uranium into uranium oxide and then sends
the oxide to the sublimate plant for conversion into uranium hexafluoride, after which the latter goes to the isotope separation plant for mixing until low-enriched uranium (LEU) has been obtained.

The Siberian Chemical
Combine in Seversk.

produces anhydrous hydrogen fluoride, industrial fluorine,
chloride trifluorine, as well as ferric fluorides and the
fluorides of rare earth metals. Waste from anhydrous
hydrogen fluoride production is used as binding material
in the construction industry.
Radiochemical Plant
Launched in 1961, the radiochemical plant engages in
radiochemical reprocessing of uranium spent fuel from
industrial graphite-uranium reactors in the SCC's reactor
plant using extraction and sorption technologies. A special
technological scheme is utilized for processing power
plants' reprocessed uranium oxides, including the grades
from the RT-1 reprocessing plant at Mayak.This enables
uranium to be extracted from plutonium, neptunium, and
fission products, including the decomposition products
of U-232.The obtained purified uranium raw material is
the sublimate plant's major product. Plutonium dioxide
obtained from the process which does not qualify as
weapons-grade is stored in a specially-designed facility.
The plant also has a production of ultra-fine powders of
metal oxides.
Chemical-Metallurgical Plant
The chemical-metallurgical plant was put into operation
in 1961. It was designed to produce metal products from
uranium and plutonium by reduction, refining, mechanical
processing and pressing. An extraction and sorption
technology is used in the plant to process uranium and
plutonium waste and rotations and to clean them. At the
plant, new divisions for the productions of high-energy
magnets and neodymium-ferrum-boron borne magnetic
alloys, and ultra-fine metal powders have been created.

2.8.2. Planning MOX Fuel Plant Construction
The Russian-American Plutonium Disposition Agreement
of 2000 signed by Presidents Bill Clinton and Vladimir
Putin in September, 2000 stipulates the parallel construction of plants to fabricate special nuclear fuel from
whose SNF it would be almost impossible to retrieve
weapons-grade plutonium. The fuel -- which is a mixture
of uranium oxide and weapons-grade plutonium oxide
from warheads -- is called MOX.The aim of the RussianAmerican agreement is for Moscow and Washington to
destroy, in parallel progress, 34 tonnes each of surplus
weapons grade plutonium-though both countries have
several dozen more tonnes of this surplus plutonium.
The MOX fuel is then meant to be burned in commercial reactors.87
On April 7, 2003, Russia's Atomic Energy Minister
Alexander Rumyantsev signed decree No. 150 "On the
Creation of a Plant for the Production of Uranium and
Plutonium Mixed Oxide Fuel, or MOX fuel, in Seversk at
the Siberian Chemical Combine." The plant's construction, after much infighting at the former Minatom, has
been slated for Seversk, on an industrial site 200 to 300
metres east of the SCC's radiochemical plant.TVEL, Russia's
nuclear fuel manufacturing giant, is the customer for the
facility, and the SCC is the developer of the project.The
plant's official name is the MOX Fuel Fabrication Facility,
or MFFF-R, with "R" denoting "Russian." During operation
the plant will fabricate MOX fuel using 38 tonnes of plutonium (34 tonnes of weapons-grade plutonium and
four tonnes of reactor-grade plutonium).The annual output of the plant is projected to be 90 tonnes (plutonium
and uranium weight), or approximately 180 MOX fuel
assemblies. At such a rate, 3.5 tonnes of plutonium will
be disposed of each year.The price of the MFFF-R is set
to be around $1 billion plus another $1 billion in operation costs for a total of $2 billion.88
During the 2003 summit of the Group of Eight industrialized nations, in Evian, France, some specifics of the
MOX programme, namely its precarious financial situation,
were discussed. Under the programme discussed at Evian
was the adoption of a French design by Cogema for the
MOX fuel fabrication facilities in both Russia and the
United States. The facility had initially been designed by
the United States by the U.S.-based consortium Duke,
87 For a more detailed discussion of the MOX bilateral plutonium disposition
agreement, see Chapter 3.1.4, "Russian-U.S. Bilateral Plutonium Disposition"
section.
88 SCC's Official website, www.shk.seversk.ru.
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Cogema, Stone & Webster. Both fabrication facilities were
then to be completed by 2009.
According to SCC's top management, the fabrication
plant will produce MOX fuel for 15 years, and that the
weapons-grade plutonium MOX fuel will be used in
Russia's VVER-1000 reactors for energy purposes.
But the issue of international funding for Russia's MOX
facility is far from settled.TVEL is carrying out preliminary
operations in fuel design under an agreement with the
Oak Ridge Laboratory in the United States. It is planned
that TVEL and the U.S. Department of Energy (DOE)
Oak Ridge facility will in 2004 introduce a work load
limit for the facility that will include developing a perimeter measurement project and geo-technical and geodetic site investigations.89
However, the refusal of the U.S. Department of State to
extend a 1998 technical and liability agreement for
MOX research between the Washington and Moscow
has, as of September 2004, ground the MOX programme
to a halt.The U.S. wants Moscow's liability in case of accidents while working on the MOX programme to be
total under a policy called the CTR umbrella agreement
-- something Moscow will not agree to. The loggerheads
at which this liability discord has put Moscow and
Washington casts doubt on whether the MOX programme will ever be realised.

2.8.3. Non-Proliferation and Physical
Protection Issues
Physical protection work, supported by DOE, the
Materials Protection Control & Accounting (MPC&A)
programme, began at the SCC with the installation of
more than 27 portal, or entrance and exit, monitors for
individuals and metal detectors at the SCC's main check
points.
In all, 17 portal monitors for vehicles and 31 for individuals entering and exiting the SCC through pedestrian
exit points, were shipped to the SCC by mid-2000.The
programme also included the creation of a computer
communication system coordinating all access monitoring
systems at the SCC. It also upgraded radio systems, as
well as the handling delivery of trucks hauling special
nuclear material containers arriving at the SCC. Inside
the SCC, an MPC&A priority was the reactor sites.
Security was modernized along the 4.5 kilometre perimeter both on the inside and out.The upgrade operation
included the installation of various detectors and alarm
systems.The creation of point-of-access monitoring systems was completed in 2000.
Prior to DOE funding, a research grant from the
International Scientific and Technological Centre enabled
the SCC to develop accounting and control system for its
reprocessing plant.The project, which involved bar-coding
inventory for tracking in a central database, and the

The entrance to Siberian
Chemical Combine.
Photo: Bellona
89 Krasnoye Znamya, "TVEL and Oakridge collaborate on nuclear repository
siting",Tomsk, 30.01.2004.
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introduction of new radioactive measurement equipment,
was completed in 1997.The project served as a basis for
much of the work later funded and carried out by the
DOE.90
2.8.4. Handling Nuclear Materials and
Radioactive Waste
There are 50 potentially dangerous storage facilities for
liquid and solid radioactive waste at the SCC. The collective activity of waste generated as a result of the
SCC's operations is estimated at 42 millions TBq.91
Spent Nuclear Fuel Storage
At the SCC, SNF from the industrial reactors is stored
in fuel ponds. The pond at the SCC's reactor plant is
currently 60 percent full. The remaining 40 percent
would accommodate all the fuel from the reactors.
Reprocessing of the special DAV-90 fuel elements at the
SCC has yet to be dealt with. Prior discussions at all
levels of authority on the reprocessing of DAV-90 fuel
elements have failed to produce a decision. At present,
the units are stored in the ADE-3 fuel pond.92
Nuclear Warhead Storage
From 1982 to 1992, about 23,000 containers with fissile
materials were sent to the SCC from several nuclear
weapons disassembly plants: the industrial enterprise
Start in the city of Zarechny (Penza-19); the instrument
plant in the city of Trekhgorny (Zlatoust-36); the combine
Elektrokhimpribor in the city of Lesnoi (Sverdlovsk-45),
and the electro-mechanical combine Avangard in the city
of Sarov (Arzamas-16).
Each container has 1 to 4 kilograms of fissile material
extracted from disassembled nuclear warheads.There is
either 1.5 kilograms of metallic plutonium, 2 kilograms of
plutonium oxide or 3 to 4 kilograms of uranium oxide
or metal in each container. In April 1992, due to storage
capacity difficulties at the SCC, the shipments were ceased.
Liquid Radioactive Waste Storage
Liquid radioactive waste generated at the plants of the
SCC (mainly the Radiochemical Plant) is dumped in underground reservoirs and stored in surface storage ponds.
Underground Reservoirs
At the SCC, low- and medium-active liquid radioactive
waste (LRW and MRW, respectively) is injected into
underground aquifers. Such is the way it has been interned
for over 40 years, beginning in 1961, at a depth of 280
to 400 meters.The total activity of this radioactive waste
is unclear. According to some reports from the former
90 For a more detailed discussion of physical protection issues, see Chapter 4,
"Materials Protection, Control and Accounting Programmes," section.
91 Ibid..
92 Gosatomnadzor Report of 2002.
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Minatom the radioactivity is 15 millions TBq.93 But other,
more dire, Minatom records, state the total activity to be
33 millions TBq (40.3 million cubic meters).94
The main potential hazards of underground liquid radioactive waste burial are listed below:
• leaks caused by corrosive of physical damage to the
pipes that transfer radioactive solutions from the SCC's
plants to storage grounds;
• spontaneous nuclear chain reaction;
• accidents in injection wells and reservoirs;
• fluid discharge following pipe bursts as a result of
corrosion or physical damage;
• gas generation and pressure increase in reservoirs
resulting from injection as well as pressure caused by
anaerobic bacteria activity, and subsequent back-wash
during injection (fountain);
• fluid ejection from injection well as a result of radiationchemical gas generation in reservoir;
• overheating reservoirs resulting from excessive
radiation load;
• hydro-geologically unpredictable radioactive liquid
motion in reservoirs along fractures and into surfaceconnected aquifers.95
Radioactive waste injected into underground reservoirs
contains plutonium, uranium and other fissile nuclear
materials.
According to findings published by the United States'
Los Alamos National Laboratory, (Los Alamos, New
Mexico, United States, 1998), entitled "Underground
Super-criticality from Plutonium and Other Fissile
Materials," several occasions on which radioactive waste
containing materials involving the placement of portions
of sub-critical material underground were widely approved by experts.96
However, when stored underground in such concentrations, this sub-critical fissile material, as noted in the Los
Alamos findings, may reach a criticality level wherein the
material is capable of expanding, a condition called autocatalytic criticality. Such a criticality level could emerge
when the material spreads into the environment as a
result of natural processes and external factors, as well
as during the transfer of fissile materials to other places,
where it could generate other autocatalytic criticality circumstances.
Given limited space and absence of a neutron inhibiting
milieu, underground deviations toward super-criticality may
result in energy generation-from moderate amounts to
93 Industry Report on Safety of 2001, Minatom, Moscow, 2002.
94 "Information Referral Materials for Russian Government Hearing on Nuclear
and Radiation Safety in Russia," p. 39, Moscow 2000.
95 Kuznetsov,V.M., "Nuclear Danger," second edition, revised and updated,
Epitsentr Publishers, Moscow 2003.
96 Bowman and Venerri, "Underground Super-criticality from Plutonium and Other
Fissile Materials,"Los Alamos National Laboratory, Los Alamos, New Mexico, 1998.

The turbine room of the nuclear
power plant at the Siberian
Chemical Combine.
Photo:
Vladimir Kazantsev/ITAR-TASS

hundreds of giga-joules of energy equal to thousands of
tonnes of TNT in a single event. In the absence of water,
50 to 100 kilograms of fissile material is required to reach
autocatalytic criticality. In the presence of water, autocatalytic criticality can be reached with as little as 2 kilograms
of fissile material. In varying degrees, all waste categories
containing fissile actinides fall under such criticality deviations.
According to various data, some processes in the work
of injecting fissile material for storage have been registered
in the underground burial vault in Seversk and in the
Atomic Reactors Research Institute in Dmitrovgrad, in the
Ulyanov region, which also engages in liquid radioactive
waste injection in underground aquifers.97
The above is supported by the fact that, since the early
1960s, the temperature in some of the SCC's injection
wells for liquid radioactive waste injection has reached
1650C. After more than 40 years of "experienced" operation at the SCC, a valid conclusion on nuclear and
radiation safety stating the possibility of heterogeneities
in the distribution of dangerous fissile nuclides in reservoirs
has still not been drawn. In other words, the potential of
radionuclides to develop bottlenecked critical parameters
-- of weight, concentration, etc., -- as a result of physical
and chemical processes following the interactions of
injected solutions with a given reservoirs' rock-building
substances has never been established.
97 Kuznetsov,V.M.,"Nuclear Danger," second edition, revised and updated, Epitsentr
Publishers, Moscow 2003.

A potential spontaneous chain reaction following further
LRW injections at the SCC could lead to a major burst
of radioactive materials into aquifers, which could further
geo- and hydro-climate changes, and affect the operation
of the ADE-4 and ADE-5 nuclear reactors. A similar effect
could arise from an earthquake.
Although the SCC is in a region of extremely low seismic
activity, it should be noted that there have been earthquakes registering from 3 to 4 points on the Richter scale
in Tomsk. In June 1990, in the aftermath of a quake,
aftershocks were registered in the Zaisan Lake District
in the Republic of Kazakhstan, 800 kilometres to the south
of Tomsk. A 5 point quake on the Richter scale, with an
epicentre 180 kilometres east of Tomsk, took place in
1979. Seismic surges measuring 6 to 7 on the Richter scale
began to occur on a semi-regular basis around the city
of Novokuznetsk, 350 kilometres to the south of Tomsk,
early in the 20th century.98
Storage of Liquid Radioactive Waste in
Surface Storage Ponds
Low to medium level liquid radioactive waste is stored
in the SCC's surface storage ponds, containing alpha
radionuclides and various pulps, just as at the Mayak
Chemical Combine in the southern Urals.
Open storage areas-of which there are eight at the
SCC-are surrounded by areas of heavy soil contaminati98 Adam, A.M., et. al. "State of Environment ? Community's Health in the Zone of
SCC Influence,Tomsk-94," 1994.
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on.The contaminated area, including the storage-ponds,
is 10 square kilometers.99 The total activity of accumulated radionuclides amounts to 4.6 million TBq.100
Medium-activity LRW, once stored in ponds B-1 and B2 have been found to contain a high concentration of
alpha-emitters. Based on the total activity accumulated
in storage ponds, specific activity of water stages and pond
floor sediments, the SCC storage ponds can be classified
by hazard levels as follows, with the level 1 being the
most dangerous, see table 27:

Indeed, the business transaction under which the SCC is
enriching by up to 4 percent uranium obtained from
French SNF is a noteworthy item. In the contract between Teksnabexport-or Tennex, Russia's nuclear import
and export monopoly-and Cogema, signed in March 1991
and numbered 54-02/60006, up to 150 tonnes of uranium
oxide mixture and as much as 500 tonnes of uranium
hexafluoride was to have been sent in annual shipments
to Tomsk in 1992, 1993 and 1994, respectively.The contract, under which Russia annually had been receiving up
to $50 million, was in force until 2000. France has since
been preventing uranium-233 and uranium-226 contamination in its own plants-where uranium from the SNF
was once obtained-and is now enriching its uranium in
Russia.

We shall consider the most significant accidents and incidents below:
• March 18, 1961: An evaporator used for the drying of
water solutions after extraction exploded, killing two;
• January 30, 1963: A self-sustained chain reaction proceeded for 10 hours. As a result, four SCC staffers
were exposed to high levels of radiation;
• December 13, 1963: A self-sustained chain reaction
proceeded for 18 hours;
• In 1963 on a test site, an intense gas generation from
an observation well caused the expulsion of radioactive
gas-infused fluid. Subsequently, about 0.1 hectares of
the surface of the site became contaminated.The
temperature increased considerably (to a maximum
156oC) when liquid radiation waste was injected into
most of the wells. An acid solution is usually injected
into wells to reduce temperature. When in the mid
1970s the interconnection of aquifers levels 3 and 4
(buffer level) as well as the generation of filter channels
were discovered, all injection wells at this site were
removed from operation;
• In June of 1977, during the reprocessing of RP-irradiated units, short-time units were accidentally included
in the product assembly, which led to increased emissions of 22 curies of I131 that lasted for two weeks.
The exposure exceeded a maximum monthly permissible dose by 2.4 times;
• On May 11, 1977, 14 square meters spilled onto the
surface during the injection of radioactive waste solution
into well S-31 because of an open crack on the pressure flow-pipe.The spillage concentrated near pond B-1,
contaminating the areas along the western side of
pond B-1 flowing northward.The area of the contaminated zone was approximately 200 to 220 meters
long and 10 to 40 meters wide. Gamma radiation
reached 145 Roentgen per hour;
• There were four more incidents at radiochemical plants,
in 1976, 1969, 1978: two at the isotope separation
plant in 1961 and two at the sublimate plant in 1963,
1978;
• From 1959 until 1970, 24 significant incidents occurred
at the SCC industrial reactors. All of them were serious errors during the suspension of fuel element
assemblies in reactors' technological channels.

2.8.5. Accidents and Incidents102
Over its fifty-year history, the combine has had more

The reactors involved are listed in table 28 on the next
page:

99 Minatom, "Information Referral Materials for the Russian Government Hearing
on Nuclear and Radiation Safety in Russia, p. 39, Moscow, 2000.
100 Minatom, "Industry Report on Safety of 2001," Moscow, 2002. According to
other Minatom findings (see. Information Referral Materials for the Russian
Government Hearing on Nuclear and Radiation Safety in Russia, page. 39,
Moscow 2000) the total activity amounts to more than 200 million curies.

101 Gozatomnadzor report of 1993
102 Information in this section is provided by Vladimir Kuznetsov, former Russian
Nuclear Regulatory Organisation inspector.

Storage pond
and origin of
its contents

Hazard
level

LRW storage
pond status

VX-1 (artificial)
B-1 (artificial)
B-2 (artificial)
PX-1 (artificial)
PX-2 (artificial)
B-25 (artificial)
VX-3 (artificial)
VX-4 (artificial)

3
1
1
2
2
2
2
2

Operation
Dismantling
Dismantling
Operation
Operation
Operation
Operation
Operation

Table 27 Classification of the storage ponds at SCC.
Storage of uranium hexafluoride tailings
Storage of uranium hexafluoride tailings presents a high
risk.According to Russia's nuclear regulatory agency, these
tailings contains more than 70 kilograms of plutonium.
As risky is the storage of several hundred tonnes of uranium hexafluoride tailings that the SCC contracted to
take from the French nuclear giant Cogema for reprocessing and enrichment of spent, partially cleared fuel
delivered to Cogema from foreign atomic stations.101
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than 30 accidents, and five of them, including the one of
April 6, 1993, are regarded as level three events- or "serious" according to the International Nuclear Event Scale
(INES). Throughout the SCC's existence, self-sustained
chain reactions (SCRs) have occurred five times.

Date of
Incident/Accident
Reactor I-1
July 26, 1959
March 20, 1960
October 15, 1962
November 21, 1962
April 19, 1963
April 26, 1963
November 11, 1963
May 24, 1964
October 17, 1964
Reactor EI-1
January 5, 1961
July 25, 1961
November 5, 1962
December 3, 1962
June 1, 1963
July 3, 1964
July 20, 1963
November 19, 1964
January 16, 1967
Reactor ADE-3
May 14, 1962
November 18, 1963
June 28, 1964
May 29, 1966
January 21, 1970
Reactor ADE-4
December 28, 1966
Reactor ADE-5
January 18, 1997

Number of involved
fuel assemblies
1
6
1
1
1
1
1
8
1
1
1
1
1
1
14
1
1
1
1
1
1
1
1
1
1

Table 28 Errors during the suspension of fuel element
assemblies in reactors' technological channels.
• In 1991, aerosol radioactive contamination took place
in a warehouse containing ready-to-use products;
• On April 6, 1993, a technical equipment breakdown
led to a gas explosion, destroying several industrial
facilities and resulting in the emission of radioactive
aerosols;
• On December 12, 1994, at the electron beams processing unit of a pilot metallurgical plant, a hot box
depressurised during an argon injection because a
pair of hot-box work gloves blew out as a result of
the argon. Alpha aerosol contamination levels reached
20.7x10 -- 11 curies per liter;
• On June 12, 1996, alpha-detectors on a fixed radiation
measurement system registered alpha-active aerosols
in the workshop 11 unit "G" operator zone of the
SCC.The event was classified as a radiation incident
caused by an operator who had opened a container
of fissile materials outside the prescribed shielded box;

• In 1997, at the SCC's radiochemical plant, radioactive
iodine-131 emissions higher than allowable doses
continued for two weeks, exceeding the maximum
allowable level by 2.4 times;
• On January 18, 1997 reactor ADE-5 had to be shutdown off-schedule because of thermal parameter
changes in one of its peripheral channels.The incident
was caused by coolant flow reduction and a fuel-slug
jam in a technological channel. An investigation determined that the fuel slug had swollen;
• On June 14, 1999, in the central hall of the industrial
graphite-uranium reactor ADE-4, a working channel
with DAV-90 units was left open because of operator
error during the scheduled loading of DAV-90 units
into a reactor's technological channel. In effect, due to
a lack of a technological channel reverse valve, the
DAV-90 units were found on the apron plates.Two
people were exposed to 1.5 and 3.0 times the yearly
maximum permissible dose;
• On April 4, 2000 at the SCC's chemical-metallurgical
plant, hot box gloves on box 0892 at installation 08,
workshop 1, blew off during a muffle furnace performance test.There were no nuclear materials in the box.
As to radiation exposure in the installation, a special
individual radiation counter detected no excessive
radionuclide level in the exposed personnel. No radionuclide emissions above the permissible level took
place;
• On July 13, 2003 at SCC, a container with a special
component was opened during the loading of a reactor. Instead of 20, only 19 fuel slugs were present.The
Tomsk and Seversk Federal Security Service and
Ministry of Internal Affairs operational investigative
groups investigated the site. Eventually, the missing slug
was found.The investigators found that the incident
was a violation of technical discipline;103

The control room of the nuclear
power plant at Siberian Chemical
Combine.
Photo:
Vladimir Kazantsev/ITAR-TASS

103 Kuznetsov,V.M., "Nuclear Danger," second edition, revised and updated,
Epitsentr Publishers, Moscow 2003.
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• On August 22, 2003 at SCC, ADE-5 reactor had an
emergency shutdown;104
• On September 27, 2003 at SCC, a malfunction in
one of the channels in ADE-4 reactor;105
• On January 31, 2003 at SCC, ADE-4 reactor was
shutdown due to a malfunction in one of the
channels;106
• On February 2, 2004 at SCC, ADE-4 reactor was shutdown due to a malfunction in one of the channels;107
• On February 6, 2004 at SCC, ADE-4 reactor was
shutdown due to personnel error;108
• On May 8, 2004, a leak of uranium hexafluoride to
the repair workshop and to the control room of the
Sublimate Plant was detected.109

lived radioactive isotopes (strontium-90, caesium-137, etc.).
The aim of this process was to bring the concentration
of nitric acid in the solution to the required acidity, with
the subsequent extraction of plutonium in the extraction
shafts.

SCC Accident of 1993
The accident at the SCC's reprocessing plant of April 6,
1993 is worthy of special mention. As the result of an
explosion in a storage tank, a significant emission of radioactive elements was released into the surrounding environment.

The radiation conditions beyond the SCC's industrial
complex were affected by gusting winds: 100 square
kilometres were contaminated, stretching 25 kilometres
north-east of the SCC.The density of soil contamination
was some 19 GBq to 74 GBq per square kilometre,
reaching a maximum contamination level of 240 GBq
per square kilometre. Ruthenium-105, ruthenium-106,
zirconium-95 and niobium-95 were the principle radioactive contaminants released by the accident. According
to RosGidroMet, the Russian Hydro-Meteorological
Institute, the total radioactivity released from the accident
was between 20 to 22 TBq.

During preparations for the operation to extract the
solution of uranium nitrate, the tank, designated as device
6 102/2 containing 25 cubic meters of the solution, with
8.7 grams of uranium and 500 grams of plutonium. During
the beginning stages, the solution was cleansed of long-

After the infusion of the acid, a rise in pressure occurred, accompanied by the destruction of Device 6 102/2,
and an explosion of gasses that had been released from
the reaction of nitric acid and organic substances. The
accident and the destruction of the device and the
damage to the building housing it, part of the radioactive
materials contained in the device were released into the
environment.

Both during the accident and the efforts to clean it up,
no personnel were exposed to radiation doses above
the set norms. Among the population living in the radioactively contaminated area, the predicted aggregate dose
of internal and external irradiation is not anticipated to
be higher than 5 mSv over the course of their lifetimes.
As a result of sluggish reactions to localize the accident's
consequences, both the road from Tomsk to the village of
Samus and the town of Samus itself were contaminated.110
2.8.6. Radioactive Contamination of SCC
Adjacent Territory
The territory of the SCC contains a buffer zone of 192
square kilometres, which is enclosed in by triple barbed
wire fences. In addition to the buffer zone, there is a
monitoring zone that is 1560 square kilometres. Within
the monitoring zone are the city of Seversk, a number of
villages and towns, and part of the city of Tomsk.
The results of the SCC's previous activities and a number
of incidents in its industrial zone are a permanently high
level of radiation. For instance, Reactor I-1 used to operate a direct cooling system.The coolant water would be
discharged into a channel running into the Chernilshikov
River, from which it ran into the Tom River. Meanwhile

Bellona's Nils Bøhmer in the area
of the fallout trail after the April
1993 accident at the SCC in
Seversk.
Photo: Bellona
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104 Siberian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, August 2003.
105 Siberian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, September 2003.
106 Siberian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, January 2004.

107 Siberian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, February 2004.
108 Ibid.
109 Siberian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, April 2004.
110 Gosatomnadzor report for 1993. See also Ibid.

Map 6
Radioactive contamination
of territories adjacent to the
SCC accident location (air
gamma radiation survey of
April 12 - 13 1993).

the environmental climate in the SCC's region, according
to the former Ministry of Atomic Energy, has allegedly
improved after the dismantling of the three industrial
reactors.111
At present, however, the SCC's production is accompanied by the generation of large amounts of liquid, solid
and gaseous aerosol waste.The plant emits inactive radioactive gases like krypton, argon and others. It also emits
tritium, carbon-14, strontium-90, iodine-131, caesium-137,
and alpha radionuclides like uranium, plutonium, americium
and further radionuclides. Aside from those, the SCC
also dispenses non-radioactive, yet hazardous, chemical
substances into the atmosphere, including fluorine compounds, tributylphosphate (TBF), nitric oxides, nitric acid,
tetrachloride carbon, benzene and a number of other
compounds.
SCC-related contamination has been registered 30 to
40 kilometres away from the combine's industrial zone.
Radioactive waters containing sodium-24, phosphorus-32,
scandium-46, chromium-51, ferrum-59, cobalt-60, zinc-65,
arsenic-76, caesium-137, europium-152, neptunium-239,

plutonium-239 and a number of other nuclides are emptied from the storage pond and discharged into the Tom
River.
Even before the accident on April 6, 1993, The Russian
Federal Service for Hydrometeorology and Environment
Monitoring (RosGydroMet) had registered significant soil
contamination with long-lived radionuclides discharged
by the combine. During a gamma-radiation survey of the
territory around the SCC, some areas were found to
have been contaminated with caesium-137 with a density of one to two curies per square kilometre.The nature of caesium contamination, subsequently, could not be
connected with the accident of 1993. It therefore had to
be an effect of the combine's long-term activities.
At present, there is no reliable information on the extent
of plutonium contamination in the SCC area that can be
found in open, non-classified information sources.
Nonetheless, distinctly abnormal plutonium concentrations,
considerably exceeding global pollution levels (tenfold
and more) have been found in soil cover samples near
the combine.

111 The Nuclear and Radiation Safety Programme, "Informational Material from
the Meeting of the Russian Government on the Issue:The Nuclear and
Radiation Safety of Russia,", p. 39, Moscow, 2000.
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2.9. Zheleznogorsk. History and
Location
The Krasnoyarsk Region stretches along the Siberian
meridian for over 2,000 kilometres. Its total area, including
the Khakasiya Republic, is approximately 2.5 million square
kilometres. The enormous territory of the Krasnoyarsk
region straddles a zone of nine geographical types. The
Southern Krasnoyarsk Region and the banks of the Yenisei
River, which runs though it from south to north and
empties into the Kara Sea above the Arctic circle, are
crowded with numerous industrial complexes that affect
the environment considerably.

Map 7
Map of Russia/region
with MCC in detail.
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The Yenisei River is considered a main waterway. It runs
for 3,300 kilometres and is a powerful energy resource,
possessing 14 percent of the combined energy potential
of Russia's entire river system. In sheer water content, the
Yenisei River is first in Russia and seventh in the world.
The Yenisei River is also the only transportation route

connecting the southern and northern parts of the
Krasnoyarsk Region. Major cities-in which most of the
region's population is concentrated-are located on the
river's tributaries. Aside from Krasnoyarsk, these cities
include Abakan, Sayanogorsk, Divnogorsk, Lesosibirsk,
Yeniseisk, Igarka and Dudinka, among others.
There are three nuclear power enterprises in the
Krasnoyarsk region:
• The Mining and Chemical Combine (MCC) in
Krasnoyarsk-26;
• The Electrochemical Plant in Krasnoyarsk-45;
• The Nuclear Research Reactor IRT-T at Norilsk
Mining and Metallurgy Combine in the city of Norilsk
in the Northern part of Krasnoyarsk.The reactor had
operated until 1999 and is currently being dismantled;
On February 26, 1950, the Central Committee of the
Communist Party of the Former Soviet Union (SPSU) -the Council of Ministers of the former USSR -- issued

resolution No. 326/302ss/op as part of the establishment
of the MCC along the Yenisei River. As per the SPSU's
resolution, the MCC's major installations were slated to
be built in among a series of mountain summits sixty
kilometres south of Krasnoyarsk on the eastern bank of
the Yenisei River. Initial engineering surveys were conducted on the site. Eventually, a decision was reached to
construct the MCC's underground facilities beneath the
Sayan mountain range, called Ataman Krjaz, that runs
along the Yenisei River.
The enterprise was built underground beneath a craggy
area at a depth of 200 meters to protect it from possible
air strikes. The underground portion of the combine
occupies a mammoth 7 million cubic meters. During the
six years of its construction, over 70,000 prisoners and
135,000 military servicemen were involved in the construction.
Following decree 383/ss/op, issued by the Presidium of
the Council of the Russian Republic, the settlement near
Combine No. 815 was granted, as of April 24, 1954, status
as the city of Zheleznogorsk, which would later be renamed Krasnoyarsk-26. The city returned to its original
name after the break-up of the Soviet Union in 1991.
The combine was designed for weapons-grade plutonium production from industrial reactors and plutonium
extraction at its reprocessing plant.
In August of 1958, the MCC's first reactor, AD, was
launched. The second reactor, ADE-1, and the third,
ADE-2, began operating in 1961 and 1964, respectively.
Since its inception, the combine has produced about 45
tonnes of weapons-grade plutonium.112
On November 1, 1992, the Ministry of Nuclear Energy
halted the use of plutonium from the ADE-2 reactor for
nuclear weapons production.
2.9.1.The MCC's Main Subdivisions
Production Reactors
The first two plutonium producing reactors, AD and
ADE-1 (see table 28 next page), operated on the so-called
flow-through mode, using the Yenisei water to cool the
reactor cores and then discharging it back to the river. In
time,Yenisei River radiation contamination would reach
3,000 micro roentgens per hour, which exceeded acceptable doses of background radiation by 150-200 times.

June 30, 1992. The ADE-1 reactor was started on July
20, 1961 and shut down on September 29, 1992. The
AD and ADE-1 comprised 2832 channels each.

The AD nuclear reactor was put into the first power
level stage on August 29, 1958, and was shut down on

The reactors were shut down on the orders of the
Collegium of Russia's Ministry of Atomic Energy. The

The hillside that houses the
Mining and Chemical Combine in
Zheleznogorsk.
Photo: Bellona

112 Cochran,T., Norris, R. and Bukharin, O., " The Making of the Russsian Bomb,"
Westview Press, Boulder Colorado, 1995. See also Kuznetsov,V.M., "Nuclear
Danger," second edition, revised and updated, Epitsentr Publishers, Moscow
2003.
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Reactor name

Type

Date of commissioning

Shut-down date

AD
ADE-1
ADE-2

Uran-graphite
Uran-graphite
Uran-graphite

29.08.1958
20.07.1961
1964

30.07.1992
29.09.1992
In operation

Table 29 Reactors at MCC.
nuclear fuel in the reactors was discharged and the reactors were brought to a safe nuclear condition. At present
the reactors are being disassembled, and safe conservation
is provided to reduce their inner radiation exposure,
thus preventing a possible radiation release outside the
reactors as well as ensuring the reactors' long term conservation.

The ADE-1 reactor at the Mining
and Chemical Combine in
Zheleznogorsk.
Photo:Vitaly Ivanov/ITAR-TASS

The still-operating ADE-2 is a dual-purpose reactor. It
produces 150-200 Megawatts of power and 350 GCal
of heated steam, which, since 1966, has been used to heat
the hot water system of Zheleznogorsk and surrounding
communities.This method of using nuclear power -- which
heated water for a city of 100,000 -- was first employed
at the MCC.

All MCC reactors are graphite uranium, thermal neutron
and channel type with water as coolant.
The ADE-2 reactor supposedly operates at 2,000 megawatts of heating power, with a fuel consumption of 500
megawatts per tonne a day. Moreover, it produces about
half a tonne of weapons-grade plutonium a year. The
ADE-2 also contains 2832 channels and is identical to the
ADE-3, ADE-4, and ADE-5 reactors at the Seversk
Chemical Combine.
As at the Seversk Chemical Plant, U.S. Cooperative
Threat Reduction sponsored reactor core conversion at
the MCC was also neglected on Russia's side and buried in Pentagon bureaucracy in America.113

113 Digges, C., "Russia and America OK Deal to Shut Down Plutonium Reactors,"
Bellona Web, Oslo, www.bellona.org, March, 17,2003.
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The unfinished construction of
the reprocessing plant RT-2 at the
Mining and Chemical Combine in
Zheleznogorsk.
Photo: Bellona

The MCC's ADE 2 is to operate in its current mode
until 2011, according to the latest agreements between
Russia and the U.S signed in March of 2003. By that
point Zheleznogorsk is scheduled to have built, with U.S.
funding, a thermo-electric fossil fuel plant to replace the
heat source lost by the reactors shut down (see Chapter
3, section 3.1.5, "Shutting Down Russia's Plutonium
Reactors.").
Safety issues Related to the ADE-2's Continued
Operation
Spent DAV-90 type elements, used in the reactor, have
not left the plant for reprocessing for more than a decade. Instead, they have been stored in a storage pond,
where about 28,000 spent elements have accumulated.114
The long-term wet storage of un-reprocessed spent
DAV-90 elements can lead to corrosion and to uranium235 accumulation in the storage pond area and coolant
waters.

The Reprocessing Plant
The radiochemical plant at the MCC began operations
in 1964. It was designed to extract plutonium from irradiated natural uranium in the MCC's reactors.The plant's
principal technology is a multi-step process which comprises the dilution of metal uranium in nitric acid-a multistage solution extraction and reprocessing operation that
continues until the uranium and plutonium separate, their
cleansing of fissionable radioactive materials and deep
cleansing of the plutonium using sorption methods. Solid
uranium salt (uranium nitrate) and a plutonium compound
are the irradiated fuel products emerging from the
reprocessing procedure.115
High-level wastes from irradiated uranium reprocessing
are stored in special stainless steel containers. Medium
and low level liquid radioactive liquid waste is sent to the
MCC's Severny site for underground storage in deeply
seated aquifers.

After a state defence contract was terminated in 1995,
the plant was forced to store the plutonium dioxide it
produced on its own territory using its temporary storage facilities. At their present capacity, the temporary
storage units can continue to be filled for the next two
years. The amount of plutonium dioxide stored on the
premises is unknown.

Throughout the reprocessing plant's history, 6,700 cubic
meters of pulp sediments with a total activity of more
than 100 million curies have been accumulated in storage repositories.

114 This estimate is based on research conducted by Vladimir Kuznetsov, which,
because the amount of SNF stored at Zheleznogorsk is a state secret, is a best
guess based on the number of DAV-90 fuel elements used at MCC over the
years.

115 Kuznetsov,V.M., "Nuclear Danger," second edition, revised and updated,
Epitsenter Press, Moscsow, 2003.

The New Reprocessing Plant (RT-2)
The decision to start construction of the SNF reprocessing
plant RT-2, which was to reprocess 1,500 tonnes of SNF
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a year of VVER-1000 reactor type fuel, was made in
1976. In 1985, a storage pool for VVER-1000 spent fuel,
which was to be a part of the RT-2, was commissioned.
But because of waves of intense protest among the
Krasnoyarsk Region's population, the Ministry of Atomic
Energy halted the work in 1989. In autumn of 1994, after
then President Boris Yeltsin visited Zheleznogorsk, he
issued a presidential decree entitled "On Federal Support
of Structural Reforms and the Conversion of the Nuclear
Industry in the City of Zheleznogorsk of the Krasnoyarsk
Region" ordering the completion of RT-2.
In 1997, a grass roots campaign in the Krasnoyarsk region collected more than 100,000 signatures in favour of
putting the question of completing RT-2 to a popular
referendum.
Aside from the groundswell of public opposition that
played a role in the stoppage of work at RT-2 were the
financial imperatives that Minatom simply didn't have the
money to carry on with its construction, and it is unclear
when the project will resume, to say nothing of when it will
be completed. Minatom has said it will need $2 billion to
complete the first set of construction operations on RT-2.
Independent experts estimate the cost to be much higher.
By means of comparison, the 1994 construction pricetag for the Thermal Oxide Reprocessing Plant (THORP)
at the Sellafield nuclear facility in the United Kingdom
amounted to $4.35 billion dollars.The construction of a
similar plant in Rokkasho, Japan, reprocessing 800 tonnes
of SNF a year, is estimated by Japan Nuclear Fuel Ltd. to
cost $17 billion.
The RT-2 plant is designed to accept for storage and
temporary cooling spent nuclear fuel from other nuclear
power plants for its further reprocessing. The output of
the plant will be mixed uranium and plutonium (MOX)
fuel and reprocessed uranium.

western bank. Ninety-two injection wells have been prepared for radioactive waste injection at a depth of up to
800 meters.
Spent Nuclear Fuel Storage
The first stage of RT-2 facility, the spent fuel storage (SNF),
was commissioned in 1985. Its capacity is 6,000 tonnes
and is more than 60 percent full.
The MCC's storage ponds accommodate SNF from
nuclear power plants in Russia, Ukraine and Bulgaria from
VVER-1000 type nuclear reactors. SNF is stored underwater in cooling pond reservoirs at a depth of at least
2.5 meters above the assembly, which protects it from
ionising radiation.The storage ponds have a closed water
supply system, without water discharge into the environment. SNF is shipped to RT-2 in containers of the TK-10
and TK-13 types in special railway carriages.
The storage facility is now more than 60 percent full, this
is why the MCC's administration has started to seek new
ways to increase the MCC's storage volume, presenting
two possible solutions.116
First, a pond where SNF is stored is in a modernized sixteen-compartment case for SNF storage -- which, according to experts, may allow for an increase in storage volume of up to 9,000 tonnes.This plan would utilize, upgrade
and extend the present wet storage pond. The second is
the disassembling of several facilities at RT-2 to accommodate
an additional dry SNF storage facility for 19,000 tonnes.
Both plans are currently being realized. A first additional
dry storage complex is to be launched in late 2005.117
According to Minatom estimates, the cost of the new storage pond construction and the completion of the existing pond -- extended by 3,000 tonnes -- is $260 million.

The principle reprocessing technology at RT-2 is projected
to be a more advanced system based on reductive splitting processes that surpasses the reprocessing technologies at work at Mayak (See Chapter 2, section "The Mayak
Chemical Combine"). The RT-2 plant occupies 140 hectares. A storage complex for SNF-which was built during
the MCC's first construction phase in 1984-was launched
in 1985.

In the first half of 2003, five trains with SNF from Russian
and Ukrainian nuclear power plants arrived in the MCC.
The sixth one, bearing SNF from the Russian Balakovskaya
Nuclear Power Plant, arrived at the MCC on June 16,
2003. It is worth noting that in 2002, the fuel from eleven
railway trains was accommodated by the MCC. It is unknown how much Bulgarian fuel the plant plans to take
in 2004. In 2003, MCC management announced it would
receive no Bulgarian fuel, yet the MCC received at least
five train cars worth.

The RT-2 facility has a 2,170 meter tunnel under the Yenisei
River through which pipes of radioactive waste, including
high level waste that is to been transported for injection
at site No. 27, 16 kilometres from the tunnel on the river's

Underground Neutrino Laboratory
A laboratory on the studies of the most elementary particles-neutrinos has been established on the territory of
the ADE-2 reactor. These particles form in the reactor
116 Kolotov, A., "Yaderny Fakty: Zheleznogorsky GKhK v pervom polugode
2003,"www.NuclearNo.ru, July 18, 2003.
117 Kolotov, A., "Yaderny Fakty: Zheleznogorsky GKhK v pervom polugode
2003,"www.NuclearNo.ru, July 18, 2003.

84

during the uranium fission process. Neutrino irradiation
registration enables the research of material properties.
The reactor's underground location is a unique condition
for neutrino scientific research and is a decisive factor in
such studies because it protects the reactor and the
physics laboratory's sensitive measuring equipment from
space irradiation, considerably improving measurement
accuracy.The reactor neutrino research is conducted by
the Russian Research Centre, the Kurchatov Institute.
2.9.2. Non-Proliferation and Physical Protection
In the beginning, a physical protection program funded by
the U.S. Department of Energy (DOE) -- called the
Materials Protection, Control and Accounting (MPC&A)
-- was focused on plutonium oxide storage facilities in a
high security area. Special emphasis was placed on the
upgrading of an accounting and control system.The modernization of materials control systems included restricted
access control, shipments of monitoring equipment and
neutron irradiation detectors. A new electronic tracking
database was also developed.

As of 2004, it was being installed and united with the
existing MCC's system. Aside from what was provided
under the physical protection programme, nuclear material
inventory and measurement equipment has also been
supplied.The next stage for the security programme will
include the development of a modernisation plan for the
reprocessing plant, the reactors and new plutonium
oxide storage facilities.118

A train with spent nuclear fuel
from the Novovoronezh Nuclear
Power Plant is unloaded at the
storage facility for SNF at the
Mining and Chemical Combine in
Zheleznogorsk.
Photo:Vitaly Ivanov/ITAR-TASS

The MCC has three levels of physical protection:
1) A protection area that includes an outside perimeter;
2) An inner perimeter area with production sites inside
the mountain, and most importantly;
3) A high security area inside the inner perimeter.
Check points are at the entrance to each area.The outer
area is fenced by two rows of barbed wire with patrolling
guards in between.The risk of illegal penetration into the
combine, as Minatom said, was minimal.

118 Wolfthal, J., et al, "The Nuclear Report: Nuclear Weapons, Nuclear Materials
and Export Controls," The Carnegie Endowment for International Peace,
Moscow Office, December, 2002.
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The check-point at the entrance
to the Mining and Chemical
Combine.
Photo: Bellona

But during 2002, these statements were refuted more
than once, first when then-Russian State Duma's Deputy
Sergei Mitrokhin, who along with a group of local environmentalists and a television crew, made his way unhindered
by security into the MCC's territory.While there, Russian
television shot footage of Mitrokhin posing next to spent
nuclear waste.
Several months after the Mitrokhin incident, Russia's
Federal Security Service (FSB) also tried the efficiency of
the MCC's physical protection.The FSB officers set up a
plaster cast of an explosive alongside the MCC's fencing
and inside the SNF storage pond with no difficulty whatsoever. Both incidents illustrated the "efficiency" of physical
protection in such strategic complexes as the MCC.The
plaster cast laid intact and unnoticed at the MCC for a
month, after which the frustrated FSB officers removed
it, with equal ease, and made public the results of their
security experiment. The story stirred a huge scandal
and was cover widely by the media, but little in the way
of improving security has come to pass.
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The Krasnoyarsk Region's prosecutor's office has confirmed the storage pond's vulnerability. As per the prosecutor's letter, numbered 23-296-02, and dated March
26, 2002, "there are definite defects in the physical protection system at the MCC's isotope chemical plant."
2.9.3. Radioactive Waste Storage
Over its fifty-year history, the MCC has accumulated more
than 17 million TBq of radioactive waste, and in addition
some 26 million TBq of LRW have been pumped down
in underground aquifers.
Some 7.4 million TBq of high level liquid waste are stored
in several special tanks. The high-level radioactive waste
tanks were put into operation at the MCC in 1964, and
currently 26 steel tanks are used for storage. Eighteen of
these 3,000-cubic-meter tanks are made of stainless steel.
Seven tanks are used for routine processes. In 1964, two
of them had to be cleansed after a leak was discovered.
Since then these two tanks have been out of commission.
Medium level radioactive waste is stored in concrete reser-

voirs, with a total activity of 0.4 million TBq. Solid radioactive waste of unknown activity is stored in trenches.
Pumping of Liquid Radioactive Waste in
Surface Storage Ponds
At the MCC -- as well as at the Seversk Chemical
Combine and the Mayak plant in the Southern Urals -low, and medium-active liquid radioactive waste have
been stored in four surface storage ponds for decades.
The total volume of the MCC's ponds -- ponds 365, 366,
354, 354a -- is 700,000 cubic meters, with 1,200 TBq of
radionuclide content.The entire concentration of radionuclides in these ponds is considerably lower than in
those of the Mayak and Seversk Chemical Combines.
LRW storage pond and LRW storage
origin of its contents
pond status
365 (artificial)
Operational
366 (artificial)
Operational
354 (artificial)
Under dismantlement
354a (artificial)
Operational
Table 30 LRW storage ponds at MCC.

Storage of Liquid Radioactive Waste in
Underground Aquifers
Most liquid radioactive waste, or LRW, at MCC -- which
is mainly of low to medium-activity -- has, throughout
the MCC's history -- been injected into the MCC's underground aquifers, which are buried at depths ranging from
150 to 500 meters. The aquifers are located at the
MCC's Severny site, approximately 5 kilometres from
the Yenisei River. In total, some 4 to 5 million cubic
meters of LRW has been injected at the Severny site.
The sites total activity amounts to some 26 million TBq,
most of which is alkali LRW.119
At present, the underground radioactive lens is expanding
toward the Yenisei's tributary, the Bolshoi Tel River, at a
rate of 300 meters a year.The contamination edge is now
less than 2 kilometres away from the Bolshoi Tel. LRW
has been delivered to the Severny site through a trunk
pipeline which contains several thousand square meters
of contaminated area. Excessive amounts of caesium-137
and plutonium-239 and 240 have collected in the pipes.
Furthermore, access to the pipeline, via the village of
Bolshoi Balchug, situated near the MCC, is unrestricted.
Access to the Yenisei itself is virtually impossible to prevent.
The disposal of LRW is carried out by injection of the
liquid waste into deep aquifers with a closed water cycle
that is isolated from neighbouring aquifers as well as the
surface of the ground above them by water-proof rocks.
The Severny site has also been used for dumping the
119 Baranovsky, S.I and Samosyuki,V I, ed, "Radiatsionnoye Naslediye Kholodnoy
Voiny,"p. 39, published by the Russian Green Cross and Rakurs Prodakshen,
Moscow, 1999.

MCC's low-active non-technological wastes (LAW) and
medium-active wastes (MAW) since 1962 and 1967,
respectively. The waste is injected into aquifers through
specially equipped wells. LAW is injected into the first
aquifer with a depth inverval ranging from 355-500
meters. MAW is injected into the second aquifer at a
depth interval of 180 to 355 meters. LAW underground
storage comprises four injection wells, four pressure-relief
wells and 37 observation wells.120
Due to hydraulic isolation, technological solutions, or processing media, can be injected only simultaneously with
the ejection of an equivalent volume of brine water
from pressure-relief wells.The ejected water is used for
the site's technical and daily inner-combine purposes.
The Severny site has no other water supply sources.
Technological salt solutions from the radiochemical plant
are transported to the site through an underground
steel pipeline shielded in reinforced flumes.121 Monitoring
equipment to observe the underground waste distribution
process is also in place at the Severny site, as well as
environmental monitoring equipment to survey the state
of underground and surface waters, and the surround
air, soil and flora.
HRW

MRW

LRW

Pu - 239
3.7-19
0.4-1.1
< 0.04
Am - 241
6.3
Np - 237
15
Th - 232
7.4-11
.Table 31 Transuranic elements in the waste injected
underground at the Severny site. GBq per liter.

The design and launching of the Severny site was done
under tight time constraints, as the Soviet Union was in
the heat of the Cold War arms race. Thus, no proper
research necessary to obtain reliable information on the
ecological safety of the disposal technology chosen in the
given geological surroundings was conducted. Although in
the course of the MCC operation, then engineering and
geological service was trying to to catch up, many problems at the MCC are still unresolved. A public ecological
and technological evaluation on the disposal of LRW of
the Severny site was conducted during 1994-1995.122
The Evaluation Concluded That:
• The Severny site is a major man-made radioactive
field and an installation of potential ecological danger;
• The geological date and the quality and sensitivity of
geological prospecting materials used during the survey
failed to meet up-to-date requirements for the enterprise of surveying the site. As a result, the conclusions
of the MCC's geological commission on the safety of
120 Ibid.
121 Ibid.
122 "Public ecological and technological Analysis on the disposal of LRW of the
Severny site of the Krasnoyarsk Mining and Chemical Combine," Krasnoyarsk,
Regional Radio-ecological Centre, p. 180, 1995.
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the MCC's tectonic shield from the Yenisei riverbed,
and its tributary, the Bolshoi Tel River, are inconclusive,
and, in a number of cases, conflict with already wellestablished geological facts about the area.The statement about the combine's further operational safety
has also been called into question.
2.9.4. Accidents and Incidents123
Given the MCC's top secret activity with weapons-grade
plutonium, a great many emergencies and incidents that
occurred at its major production line are still concealed
by Minatom.The incidents related its to industrial reactors
and reprocessing production also remain undisclosed.
However, at present Bellona possesses some documentary information on MCC accidents and incidents that is
listed below:
• On September 21, 1997, an accident at the reprocessing plant contaminated drainage channels in the
industrial buildings, thus contaminating the Yenisei River.
The contamination spread as much as 800 kilometres
northward with the Yenisei's currents from the discharge area and affected flood plains and low-lying
areas up to 1,500 kilometres from the plant;
• In 1999, seven ADE-2 staffers were exposed to high
levels of external radiation which amounted to 25
millisieverts;
• On July 27, 2000, at the MCC's reprocessing facility, a
cask containing spent fuel rods from a VVER-1000 type
reactor fell onto a metal construction, penetrating its
surface.The accident occurred while the rods were
being loaded from a transport housing to a storage
housing in the reloading chamber of the isotope chemical building.The fuel transfer operation took place
under water, and there was no escape of radioactive
material exceeding accepted norms form the cask.
Changes in radiation levels near the reloading chamber
were not registered, as samples of the water confirmed.
The cause of the accident lay with the crane arm holding the cask of spent nuclear fuel.The arm, which
was holding the head of the cask, known as the claw
unit, detached when the crane arm removed the
cask.The arm had initially been designed for the reloading of irradiated fuel rod arrays, so, from an engineering point of view, it was unfit for handling the transportation cask. Other technological operations not
provided for in plant regulations and production
instructions have also taken place. Furthermore, no
drills for accidents occurring during the unloading of
fuel casks had ever been conducted at MCC;
• In 2000, during SNF transportation from Russian and
Ukrainian nuclear power plants to the MCC, the radiation contamination inside a train container, especially
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123 Information in this section is provided by Vladimir Kuznetsov, former Russian
Nuclear Regulatory Organisation inspector.
124 All accidents and incident listed in this section taken from Kuznetsov,V.M., "Nuclear
Danger," second edition, revised and updated, Epitsentr Publishers, Moscow 2003.
125 Sibirian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, September 2003.
126 Sibirian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, October 2003.

on its floors, exceeded permissible levels by up to
1,500 beta particles per square meter a minute, while
the radiation parameters outside the containers
remained normal;
• In the first half of 2001, the ADE-2 had to be shut
down due to malfunctions. During repairs, eight workers were exposed to high levels of radiation which
exceed the set yearly radiation exposure dose.Those
eight had to give up their jobs at the plant. Also in 2003,
a bar failed to uncouple during a routine maintenance
at the MCC's reactor plant SNF storage facilities;124
• On September 3, 2003 at MCC, ADE-2 reactor had
emergency shutdown due to cooling system malfunction;125
• On October 23, 2003 at MCC, ADE-2 had emergency
shutdown due to a malfunction in one of the channels;126
• On November 5, 2003 at MCC, ADE-2 reactor had
emergency shutdown due to a malfunction in one of
the channels. Defect fuel assembly in the channel was
thought to be the reason for the malfunction;127
• On January 5 to 6th, 2004 at MCC, ADE-2 reactor
had three emergency shutdowns due to malfunctions
in three different channels;128
• On March 9, 2004 at MCC, ADE-2 reactor was shutdown due to a malfunction in one of the channels;129
• On March 12, 2004, ADE-2 reactor was shutdown
due to a malfunction in one of the channels;130
• On March 23, 2004 ADE-2 reactor was shutdown
due to a malfunction in one of the channels.131

2.10. Other Nuclear-Fuel Cycle
Enterprises
2.10.1. Electrochemical Plant
The former Ministry of Atomic Energy's Electrochemical
Facility Production Union (EFPU) is located in
Zelenogorsk (formerly known as Krasnoyarsk-45), roughly
150 kilometres to the east of Krasnoyarsk.
Founded in 1956, the town of Zelenogorsk is a closed
administrative territorial formation (ZATO) part of the
nuclear industry's system of 10 closed cities. The city's
population is some 70,000 people and the city itself was
created as for the work-force of the EFPU and their
families. More than 10,000 people work at the Production
Union.
The plant began production of highly enriched uranium
in 1962.
In accordance with a 1988 government decision to completely halt the production of highly enriched uranium
127 Sibirian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, November 2003.
128 Sibirian Interregional Department of Russian Nuclear Regulatory
Organisation, monthly report, January 2004.
129 Sibirian Interregional Department of Russian Nuclear Regulatory
Organisation, quarterly report, January-March 2004.
130 Ibid.
131 Ibid.

(HEU) the enterprise has since produced low enriched
uranium (LEU) to make reactor fuel for nuclear power
plants.132
Since the installation in 1990 of a power consuming gas
diffusion cascades, uranium enrichment at the EFPU has
been carried out using gas centrifuges. The staff at the
EPFU numbers 10,000.133
Storage of Radioactive Waste
The EFPU produces both solid and liquid radioactive
waste. Solid radioactive waste is stored in underground
depositories in the EFPU's industrial area. Liquid radioactive waste is poured into specialised pools that lead
out of the facility. The total capacity of the two pools is
29,000 cubic meters.134
Staff members from the Siberian Department of the
Russian Academy of Sciences' Geology Institute have been
investigating the ecological condition in the region around
the radioactive-waste depositories over the last four
years -- from 2000 to 2004. Their studies revealed that
over the period of the investigation, some 2 tonnes of
uranium is stored in the pools, and that it is stored unevenly across the individual pools. The uranium content
of the lower near-bottom section of the pools could
reach 300-500 grams per tonne.135
According to the researchers' data, uranium-contaminated
water is draining out of one pool in the direction of the
nearest rivers and brooks. At a very approximate estimate, a half tonne of uranium could have escaped into
the environment over the last 20 years.The investigation
also noted the presence of caesium-137 nuclides in
samples from the EFPU's industrial area, where the concentration of the radioactive isotope reached levels of
425 Becquerels per kilogram.The source of the caesium
contamination of the samples, which contain concentrations exceeding global averages, is unclear.136
The EFPU is taking part in the HEU-LEU programme
(see Chapter 3).The plant is converting HEU oxide into
highly enriched uranium hexafluoride (UF6)-a process is
known as fluorination. Then the highly enriched UF6 is
introduced into a gaseous process stream. There, it
mixes with other material and is diluted to less than 5
percent concentration of the fissionable uranium-235
isotope, a level suitable for producing electric power.137

ty for conversion of HEU into uranium hexafluoride, the
uranium-depletion zone, and around the perimeter of
the facility. It is unknown for state secrecy reasons how
much HEU is stored on site at EFPU, though Russia is said
by former Minister of Atomic Energy Viktor Mikhailov to
have some 1,200 tonnes of HEU, 500 of which are earmarked for the U.S.-Russian HEU-LEU programme.138
The Electrochemical Facility has modernised its accesscontrol systems around its perimeter.The United States
Defence Threat Reduction Agency (DTRA) provided the
facility with video-observation equipment, metal detectors, nuclear-material detectors, and X-ray equipment.
Additional physical-protection measures include the
strengthening of constructions and the installation of alarm
systems and sensors. The central alarm system control
point was also modernised. Guards were also given
communications equipment. Improvements to inventory
and control systems included measurement equipment for
nuclear materials, bar codes, neutron-radiation detecting
devices, and equipment and software support for computerised inventory systems.139
Novosibirsk Chemical Concentrates Plant
(NCCP)
Minatom began construction of this facility on the site of
a former automobile factory in Novosibirsk following a
resolution of the Soviet Era Council of Ministers'
Resolution No. 3578 of September 25, 1948.
The facility began operations in 1949, and at the end of
the 1950s and beginning of the 1960s, it was converted
into one of the main producers of nuclear fuel for industrial reactors. At present, the facility produces fuel from
natural metallic uranium for industrial reactors, dispersed
fuel, using HEU for industrial reactors which are plutonium- and tritium-based, in addition to making fuel for
experimental reactors.
In addition, the plant produces fuel rods and fuel assemblies for VVER-1000 reactors. The fuel pellets for production of VVER-1000 fuel elements come from the
Ulbinsk Metallurgy Facility in Kazakhstan.
The NCCP also produces lithium compounds for use in
processing of tritium, mainly in production of nuclear
weapons.

Issues of Non-Proliferation of Nuclear Materials
and Conditions of Physical Protection
The basic work on physical protection is focused on the
HEU depository, the intermediate depository and facili-

In addition, NCCP houses a central depository for storage
for lithium hydride components of dismantled nuclear
weapons. The facility's storage of lithium hydride began
in December 1997. It is the only facility of its type in
Russia, with over 60 tonnes of lithium hydride from dismantled nuclear weapons.140

132 Podvig, P., et, al. "Strategicheskoye Yadernoye Vooruzhenie Rossii," M Izadelstvo,
p. 474, 1998.
133 www.minatom.ru
134 Rossiicky Zeleyony Krest, "Radiatsionnoye naslediye kholdnoi voini, " p. 396,
Agenstvo Raakurs Prodakshn, Moskva, 1999.
135 Ibid.
136 Ibid.

137 Missiles to Fuel: Step-by-Step, www.usec.com.
138 www.wise-paris.org.
139 Wolfthal, J., et. al. "The Nuclear Report: Nuclear Weapons, Nuclear Materials,
and Export Controls in the former Soviet Union, Sixth Edition" Carnegie
Endowment for International Peace, Washington, December 6, 2002.
140 Kuznetsov,V.M., "Nuclear Danger," second edition, revised and updated,
Epitsentr Press, Moscow, 2003.
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The operators at the production
of uranium dioxide at the
Novosibirsk plant of Chemical
Concentrates.
Photo:Vladimir Zinin/ITAR-TASS

Issues of Non-Proliferation of Nuclear Materials
and Conditions of Physical Protection
Chief priority was given to modernising physical-protection systems in the central depository, where reserves of
HEU are consolidated, and which used to be housed in
four separate buildings. Again, it is unknown how much
HEU is in storage at NCCP as it is a closely guarded
state secret. An extension was added to the central
depository building as part of the modernisation programme.

The U.S. financed modernised central depository came
online in November 2000. In addition, a new central control point for the signalling system is under construction.

In addition, the physical-protection systems in the building
itself were modernised. Measures taken include: modifications to the building's structure, installation of sensors,
video cameras and radiation detectors, and improved
access-control systems. Measures in the sphere of inventory and control include the creation of an automated
system to account for and measuring nuclear materials.

2.10.2. Urals Electrochemical Integrated Plant
(Sverdlovsk-44) (UEIP), Novouralsk
The Urals Electrochemical Integrated Plant (UEIP) is
located 50 kilometres from the city of Yekaterinburg in
western Siberia. It was put into service in 1949. The
enterprise is licensed to produce uranium enriched up to
30 percent.The complex has exported enriched uranium

After construction of the new control point for the signalling system is completed, all necessary information
will be transferred from the old system to the new one,
and the old system will be dismantled. There are also
plans to overhaul the physical-protection systems in the
highly enriched uranium processing plant.141

141 Wolfthal, J., et. al. "The Nuclear Report: Nuclear Weapons, Nuclear Materials,
and Export Controls in the former Soviet Union, Sixth Edition" Carnegie
Endowment for International Peace, Washington, December 6, 2002.
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to the West since 1973. It includes several enriching cascades involving fourth- and fifth-generation centrifuges.
The enrichment cascades are located in five buildings.
The facility's output-estimated at 10 million Separatiative
Work Units (SWUs)142 per year -- supports 49 percent
of all Russian facilities.
Two enriching cascades, with a total productivity of 2 to 3
million SWUs per year, are used to enrich natural -- that
is, raw and unprocessed -- uranium. These are the only
cascades that are able to produce uranium for export.
The remaining Russian enriching facilities are used for
the enrichment of uranium extracted from irradiated
fuel from plutonium producing reactors. The spent fuel
is contaminated with the isotope uranium-232.
Production of weapons-grade uranium at the plant was
completely stopped in 1989. Down-blending of weaponsgrade uranium began at the UEIP in the autumn of 1994.143
The plant, according to Russian Nuclear Regulatory
Organisation annual reports, has no programme for processing of dumped uranium hexafluoride and continues
to stockpile it in its open industrial area.
UEIP is one of the enterprises involved in conversion of
500 tonnes of HEU from nuclear weapons to produce
LEU with an enrichment level less than 5 percent. The
plant is also capable of processing up to 10 tonnes of HEU
annually. The plant also makes uranium of a 1.5 percent
enrichment for dilution of highly enriched uranium. The
500 tonnes of weapons-grade uranium that Russia is
obliged to sell under the Russian-U.S. HEU-LEU agreement will require 11,500 tonnes of raw materials (see
Chapter 3, "the HEU-LEU Agreement" for complete
deals on the HEU-LEU agreement).
Issues of Non-Proliferation of Nuclear Materials
and Conditions of Physical Protection
Modernisation of the centre's physical-protection systems includes the following:
• Improved radio-communications systems;
• Installation of video monitoring of the facility's perimeter and in buildings where highly enriched uranium
is stored or undergoes other operations;
• Access-control system with entrance monitors, metal
detectors and X-ray equipment;
• Installation of equipment for measuring reserves of
materials, as well as computerised inventorying
systems.
142 Separative Work Unit (SWU): This is a complex unit which is a function of
the amount of uranium processed and the degree to which it is enriched, ie the
extent of increase in the concentration of the U-235 isotope relative to the
remainder.The unit is strictly: Kilogram Separative Work Unit, and it measures
the quantity of separative work (indicative of energy used in enrichment) when
feed and product quantities are expressed in kilograms.That is, to produce one
kilogram of uranium enriched to 3.5% U-235 requires 4.3 SWU if the plant is
operated at a tails assay 0.30%, or 4.8 SWU if the tails assay is 0.25% (thereby
requiring only 7.0 kg instead of 7.8 kg of natural U feed). About 100-120,000
SWU is required to enrich the annual fuel loading for a typical 1000 MWe light
water reactor. Enrichment costs are related to electrical energy used.The
gaseous diffusion process consumes some 2400 kWh per SWU, while gas
centrifuge plants require only about 60 kWh/SWU. Source: World Nuclear
Association http://world-nuclear.org/.

Work on modernising physical protection at the centre,
as of 2004, was still ongoing.
2.10.3. Chepetsk Mechanical Plant Production
Union (CMPPU, City of Glazov)
The basic functions of the CMPPU, formerly Facility No.
544, located in the town of Glazov, Udmurtiya, are refining of natural uranium, converting it into the metallic
form, and production of fuel for industrial reactors. Since
1953, the plant has also been country's main producer of
zirconium. In subsequent years production of nuclear fuel
for industrial reactors at CMPPU stopped, and currently
the Facility's main products are metallic uranium-naturally
enriched and depleted-calcium, zirconium, zirconium
alloys, and zirconium tubing for fuel elements of reactor
fuel.
Natural uranium products are made in the form of ingots,
metallic uranium powder, uranium oxide and uranium
tetrafluoride. Alongside natural uranium products, the
enterprise also turns out products made from depleted
metallic uranium, the applications for which are defined
by its high specific weight, its ability to withstand ionising
radiation, and its particular mechanical qualities.
The CMPPU possesses depleted-uranium-processing
technology that allows it to produce alloys of depleted
uranium with the desired physical, mechanical and operational qualities. Depleted-uranium products are turned
out in the form of ingots, rods, plating, sheeting, and products of irregular shapes.145
Materials Security
The Russian State Nuclear Regulatory organization
reports that, due to funding shortages, it is impossible to
implement measures identified in checks to improve
physical protection at the CMPPU in sufficient quantity.
The following criticisms were identified:
• Nuclear materials are stored in warehouses that do
not have project-basis documentation;
• The warehouses' floor levels dip below ground level,
leading to deformation of the walls. In one of the
enterprise's buildings, rough material in the form of
ingots is stored in conditions of high humidity as a
result of seasonal flooding, and damage to the building's
roof.
Such a state of affairs with regard to physical protection
leads to theft of nuclear materials from the enterprise.
For example, three people were arrested at the market
143 Podvig, P., et, al. "Strategicheskoye Yadernoye Vooruzhenie Rossii," M Izadelstvo,
p. 474, 1998.
144 Ibid.
145 Kuznetsov,V.M., "Nuclear Danger," second edition, revised and updated,
Epitsentr Press, Moscow, 2003.
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in the town of Izhevsk, Udmurtiya, while trying to sell a
quantity of metal rods weighing a total of 140 kilograms.
Investigations revealed the rods to be made of uranium
with 0.2-0.4 percent U-235 content. Among those arrested was a member of the staff of CMPPU As a result,
checks were carried out on uranium reserves, and it was
discovered that 300 kilograms of uranium were missing.146
According to the Russian Ministry of Interior Affairs, this
incident of theft of nuclear materials from CMPPU was
not the first.
2.10.4. Angarsk Electrolysis Chemical
Combine (AECC)
The Angarsk Electrolysis Chemical Combine Federal State
Unitary Enterprise (AECC) is a nuclear industry enterprise with experience in the production and enrichment
of uranium for applications in the production of fuel for
nuclear power stations. The enterprise was founded in
1954 and is located in the south-east outskirts of the
town of Angarsk. It has a staff of 6,300.
The combine is an interlinked production complex
including production of fluorine and anhydrous hydrogen fluoride; and production of uranium hexafluoride and
separation of uranium isotopes with enriched U-235
from 3.5 to 5 percent.
The combine includes chemical (sublimation) and electrolysis (separation or enrichment) facilities.
The sublimation facility produces uranium hexafluoride,
which involves the fluoridation of uranium oxide-protoxide.
It also produces fluorine and anhydrous hydrogen fluoride.
Planning of the facility began in 1957, and the facility
launched production-beginning with uranium hexafluoride
-- in December 1960.With the conversion of production
(which freed up production capacity for fluorine), the
facility concentrates today on developing new forms of
production, including ozone-friendly (organofluoride)
halocarbons, polycarbofluorides, highly pure hydrofluoric
acid, and triflates, which are substances with a wide range
of applications, from increasing the octane content of fuel
to production of medicines and vitamins.
Enriched uranium hexafluoride from the Angarsk
Combine is today used in facilities for production of
nuclear fuel for nuclear power plants in the towns of
Elektrostal and Ust-Kamenogorsk, Kazakhstan.
The Electrolysis Facility produces separated uranium isotopes (enriched with uranium-235). It launched production in October 1957. Originally, production employed
gas-diffusion technology (the facility was equipped with
146 Mezhdunarodny Chernobylsky Fond Bezopasnocti, "Analiz radiatsioye
bezopasnosti I sostouyaniya khraneniya radioactivnykh veshchestv na obyektakh
atomnoi energetiki na territorii byvshego Sovietsckogo Soyuza," Moskva, 1994.
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the latest - for the time-equipment for mass production).
Toward 1978, improvements to equipment that had
been ongoing since it was first installed meant that the
project-based production capacity was exceeded by
four times. Today uranium enrichment at the factory
uses fundamentally different, more energy-efficient technology -- gas centrifuges.147
Storage of Nuclear Waste and Issues of
Disposing of Waste Uranium Hexafluoride
Solid and liquid waste-both of which fall into the low level
radioactive waste category-is formed during production
at the AECC.
The waste from separation production is depleted uranium hexafluoride, most of which is stored in 2.5 cubic
meter capacity tanks in open spaces and warehouses that
all pose a potential danger to the environment should
the tanks become depressurised.
This is one of the problems that needs to be solved not
only at the AECC, but also at other, similar nuclear-fuelcycle enterprises such as the Siberian Chemical Combine,
the Urals Electrochemical Integrated Plant and the
Electrochemical Plant, to name a few.
The Russia State Nuclear Regulatory Organization indicates in its annual reports and that that as a result of
poor financing from Minatom, tested technologies of
reprocessing depleted uranium hexafluoride, consisting
in the recovery from it of scarce florine, and uranium
conversion into oxide, which is safe for storage, can not
be brought up industrial scale by the enterprises of the
department [the AECC].
Uranium hexafluoride is not nuclear waste but a nuclear
material, and undergoes further processing as follows:
• Additional recovery of uranium-235;
• Reprocessing to extract fluorine;
Waste uranium hexafluoride -- containing 0.4 to 0.5 percent of uranium-235 -- since AECC began operations,
has been condensed in steel containers, which were placed in an open space, for the gas' storage and further
use. Uranium separation technology has moved forward.
Substituting centrifuge technology for gas diffusion technology allows for deeper extraction of uranium-235.
The possibilities afforded by the new technology have
made it possible to use the "tails" as raw materials and
activate them in production for the additional extraction
of uranium-235, albeit only to a certain point.The AECC
has announced that, in 10 to 15 years, it will have the
147 www.minatom.ru

technology to allow even deeper extraction of this
depleted uranium hexafluoride.
Today depleted hexafluoride accumulated in previous
years is again being put into production. After this reprocessing, the final waste, again in the form of uranium
hexafluoride, will again be stored in special new containers and kept in long-term storage points that have
been developed for it.
In the global nuclear industry, only France uses technology
to convert waste uranium hexaflouride into other forms
that are less dangerous to store, such as oxide-protoxide,
which is a solid substance. But this produces much hydrogen fluoride, for which there is not a large demand globally.
Storing it is a thousand times more dangerous.The AECC
selected a different technology, namely conversion of uranium hexafluoride into uranium tetrafluoride: The two
fluorine atoms extracted during this process are planned
to be used in the sublimation facility.The AECC is working
on this project as part of a nuclear industry programme
for the processing of waste uranium hexafluoride.148
In December 2000, Minatom's board adopted the
"Concept for Management of Depleted Uranium
Tetrafluoride (DUTF) until 2010." As a top priority, the
collegium's conclusions defined the primary task as the
"validation of safe long-term storage of DUTF in steel
tanks [as] a fundamental task of DUTF management in
the next decade at enterprises working in the sector."
In 2000, as part of the Federal Target Program
"Management of Nuclear Waste and Processed Nuclear
Materials,Their Disposal and Burial, 1992-2005," construction of two trench points for long-term storage was
completed at the AECC, with a total capacity of 4,000
cubic meters. According to AECC estimates, trench storage will solve the problem of storage of all nuclear waste
produced by the centre for the next 20 to 30 years.
Aside from the technological waste from separation and
sublimation production, the solid residue from neutralisation of liquid effluent and clarification of suspensions
also count as solid radioactive waste, as does nontechnological waste in the form of individual protection
features, used special clothing, construction waste, and
elastrons. At present, 803.6 tonnes of waste with a total
activity of 124 GBq is being held in the trenches.
Apart from radioactive waste, the AECC also produces
toxic waste, and several tonnes of sublimate production
as a result of production of anhydrous hydrogen fluoride,
fluoride, triflates, among others.These are kept in special
accumulation areas.
148 The full name off the programme is The Federal Special Programme "Dealing
with Radioactive Waste, and Spent Nuclear Materials and their dismantlement
and burial for 1995-2005.
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Chapter 3
International
and Russian
programmes

International and Russian Programmes
Currently, there are five major multi-national forces, and
several domestic forces, driving and coordinating funding
for nuclear dismantlement and nuclear environmental
clean-up in Russia. One major effort is driven by the
U.S.-supported Cooperative Threat Reduction programme (CTR), facilitated by the U.S. Department of Defence
(DOD). Other western nuclear threat reduction programmes include those driven by the U.S. Departments
of Energy and State, the U.S.-Russian bi-lateral HEU-LEU
programme, the G-8 Global Partnership, the Multilateral
Nuclear Environmental Programme in the Russian
Federation (MNEPR) accord, and the Northern
Dimension Environmental Partnership (NDEP) Support
Fund. Most of Russia's own internal efforts are financed
by Federal Target Programmes, which are overseen mostly by the Ministry of Economic Development and Trade.

3.1. Cooperative Threat Reduction
and Other U.S. Efforts
Laid-up submarines waiting
decommissioning at Nerpa
Shipyard.
Photo:Vincent Basler
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Following the collapse of the Soviet Union, the United
States established the CTR149 programme to dismantle

149 The Cooperative Threat Reduction (CTR) programme, championed by Senator
Richard Lugar of Indiana and former Senator Sam Nunn of Georgia, was brought
into force in 1992.The programme is run by the U.S. Department of Defence
(DOD). CTR is also commonly used to denote all American nuclear nonproliferation activities in Russia, such as those run by the Department of Energy
(DOE) and the U.S. Department of State. In this report, however, the term CTR
will refer only to those activities driven by the U.S. DOD programme. All other
programmes, such as those run by the DOE, are so identified.

the nuclear and chemical weapons stockpiles throughout
the territory of its Cold War foe.The first task for CTR,
therefore, was to collect all of those nuclear weapons in
the former republics and gather them in one republic,
which -- as the former seat of Soviet power -- was Russia.
In a surprising show of good-will, all of the former republics
complied and surrendered their Soviet-made nuclear
weapons to Russia. Kazakhstan -- the Central Asian republics where many of the USSR's ecologically disastrous
nuclear bomb tests were held -- even went so far as to
formally declare itself a non-nuclear nation. Formed by
Senator Richard Lugar, an Indiana Republican, and Georgia's
former Democratic senator, Sam Nunn, the CTR initiative is also known as the Nunn-Lugar programme.
With the weapons consolidated in Russia, the CTR programme has maintained two primary focuses.The first is
the destruction of nuclear warhead delivery systems such
as missiles and their launch facilities, which are primarily
missile silos and submarines. CTR's second main focus is
securing nuclear weapons and their components in the
Former Soviet Union (FSU). It has also devoted considerable efforts to destroying chemical weapons in the FSU.

More recently, the CTR Programme has embraced projects to reduce threats from biological weapons materials
and preventing the spread of bio-weapons know-how.
Congress has provided the U.S. DOD with some $7 billion for the CTR Programme over the last 12 years.This
represents less than one percent of the U.S. Defence
Budget, making the CTR programme -- at an average of
$450 million to $500 million a year -- a comparative bargain. Several million dollars more have flowed into associated threat reduction programmes run by the U.S.
Department of Energy (DOE) and the U.S. State
Department, bringing the United States' yearly contributions to nuclear dismantlement and security projects
in Russia to approximately $1.3 billion.
Following the events of September 11, 2001, Nunn-Lugar
supporters in Congress say the programme's mandate is
more urgent than ever and should be expanded and
better funded. In interviews, Lugar has said Congress
should be allowed to free up funding for CTR to tackle
nuclear and chemical weapons arsenals outside the FSU
and expand its Russian submarine dismantlement efforts
to cover non-strategic subs that were never a threat to the

United States, but still pose environmental and security
threats because they contain spent nuclear fuel.150 Many
of these submarines are literally rusting in ports and in
constant peril of sinking.
The notion of expanding the Nunn-Lugar mandate has
sparked debates in Washington over the value of the CTR
programme as a whole, and in 2002, President George
W. Bush became the first president in the history of the
12-year-old programme to decline CTR's certification
over concerns that Russia was not being candid about its
stockpiles of Soviet-era chemical weapons. By U.S. law at
that time, the presidential administration was required
to annually "certify" that Russia was living up to its CTR
obligations.
In 2003, Congress granted the president a waiver whereby the White House would only have to certify the programme every three years, thus granting projects and
contractors more leeway to undertake CTR programmes
without a looming yearly threat that their financial plugs
would be pulled during the next presidential certification
review.

Third generation nuclear submarine Typhoon, waiting decommissioning in Severodvinsk.
Photo:
St. Peterburg Naval Museum

150 Digges, C., "U.S. House of Representatives Shoots Down Expansion Plans for CTR,"
Bellona Web, www.bellona.org, Oslo, March 8, 2003.
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of missile silos, underground nuclear testing tunnels and
holes. Still, CTR has a full plate before it, and only 37 percent of Russia's fissile material has been secured over
the past decade. Lugar and his supporters have claimed
that, at the programme's current pace, it will take another
20 years to fully secure Russia's nuclear weapons, launchers and stockpiles -- a tempo far to slow for terrorists
who eye Russia's decrepit nuclear storage facilities like
grocery stores of weaponry.
3.1.1. Ballistic Submarine Dismantlement
Under the "SLBM Launcher Elimination/SSBN
Dismantlement" project, CTR is assisting in the dismantlement of SSBNs to meet Russia's Strategic Arms
Reduction Treaty, or START I, commitments.
In the beginning, CTR support of submarine dismantlement focused on providing the three Russian shipyards
designated in START I with the technology they would
need to do the job.The shipyards -- Nerpa in Murmansk,
Zvezdochka in Severodvinsk, all in Northwest Russia, and
in Bolshoi Kamen in Russia's Far East -- were provided
with shiploads of equipment, including cranes with magnetic lifting devices, cutting tools, excavators with shears
for dismantlement, guillotine shears, cable choppers,
plasma cutters, portable filter and ventilation systems,
balers, electric forklifts, gantry cranes, tractors, trailers,
radio communication equipment, air compressors, and
oxy-acetylene torches.151
In 1997, with the goal of speeding the dismantlement
process, CTR redirected its focus from supplying equipment to simply awarding to Russian shipyards direct contracts on a so-called "deliverables" basis. In 2000, contracts
were awarded to four Russian shipyards -- Nerpa,
Zvezdochka, Zvezda and Sevmash in Severodvinsk -- for
the complete the dismantlement of 17 SSBNs.152
In 1999, a contract was approved to eliminate one of the
six Typhoon-class missile boats, the world's largest submarines, at Sevmash. In April, 2003, the first Typhoon was
defuelled with U.S. funds at Severodvinsk.153

Dismantlement of submarine in
Severodvinsk.
Photo: Bellona archive
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Despite the annual battles for money, however, CTR
funding has tended to increase slightly each year and its
dismantlement record has been impressive for the shoestring budget it is allocated. As of July 21, 2004, CTR had
deactivated 6382 nuclear warheads, destroyed 27 ballistic
missile submarines, eliminated 408 SLBM launchers and
498 SLBMS, destroyed 130 bombers, and sealed hundreds

At present, CTRs goal is to dismantle 31 SSBNs -- 17 from
the Northern Fleet and 14 from the Pacific Fleet -- at a
total cost of $455 million. The eventual CTR goal is to
eliminate 44 SSBNs and 664 SLBM launchers by the year
2012.154
Submarine Fuel Disposition
CTR has also initiated a programme to assist the Russian
State with the disposition of spent naval fuel resulting
from the SSBN decommissioning work at Zvezdochka,
151 Defence Threat Reduction Agency, "CTR Scorecard," www.dtra.mil,
updated October, 1993.
152 Ibid
153 Nikiforov,V., "U.S. sponsored defueling site approved for operation in
Severodvinsk," Bellona Web, www.bellona.org, April 8, 2003.
154 Ibid.

in Severodvinsk, and the Pacific Fleet's Zvezda, near
Vladivostok. The fuel disposition project -- which bent
CTR's policies forbidding monetary aid for fuel reprocessing -- consists of four major elements,155 all of which
are carried out by direct contract between CTR and the
concerned Russian agencies.156
1. Reprocessing of spent nuclear fuel at Mayak from up
to 15 SSBNs eliminated under the CTR programme;
2. Storage of uranium and plutonium end products from
the spent fuel reprocessing from submarines eliminated
by CTR in Northwest Russia and the Pacific Fleet;
3. Construction of a pad for interim storage for spent
nuclear fuel containers in Northwest Russia, and at Zveda
in Russia's Far East, which was completed in 2003.
4. Procurement of 50 40-tonne containers for transport
and interim storage of spent nuclear fuel from submarines in the Northern Fleet.157
155 Spent Naval Fuel Disposition, CTR Project Plan, October 8, 1999.
156 Personal communication with Senate Foreign Relations Committee Senior Staff
Member Mark Helmke, December, 2003. Also see Charles Digges, "IPWG group
backs need for nuclear remediation 'master plan,'" Bellona Web,
www.bellona.org, December 4, 2003.
157 The containers were developed in conjunction with the Arctic Military
Environmental Cooperation, or AMEC, programme.

CTR has reached these goals and the casks will provide
a dry storage system for spent naval fuel extracted from
the remaining SSBN's slated for dismantlement in the
Northern Fleet. As of 2003, CTR also had planned to
complete the B-301 interim storage facility at the Mayak
Chemical Combine,158 which has for decades reprocessed
naval and other types of nuclear reactor fuel. CTR has
also built specially protected railway cars to transport
the TUK casks of spent nuclear fuel to Mayak.

Electrical cables remain after
dismantlement of the nuclear
submarine Kursk.
Photo:Vincent Basler

Peculiarities in CTR's
Arrangement on Reprocessing
Under original CTR regulations, CTR money was forbidden by U.S. Congress for use in any of Russia's reprocessing activities.This clause emanated from a difference
in fuel cycle philosophies between the two countries.
Since the 1970s, under the Administration of Jimmy
Carter, the United States has not -- with the exception
of experimental procedures -- reprocessed nuclear fuel
for plutonium so as to better keep proliferation risks in
check.
158 Ibid.
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trophic economic meltdown -- reprocess fuel from 15
SSBNs. It is unknown whether CTR will agree to further
reprocessing activities, but it is a cautionary example of
the Russian nuclear industry's ability to bend America's
rules in its own favour.
Arctic Military Environmental Cooperation
The Arctic Military Environmental Cooperation (AMEC)
programme was formally established by the defence
ministers of the United States, Russia and Norway on
September 26, 1996, to provide a platform for these
three countries to address military-related environmental problems related primarily to submarine dismantlement in the fragile Arctic region. The United Kingdom
joined AMEC on June 26, 2003.
AMEC's underlying philosophy is that it should be easier to discuss military environmental problems through a
military co-operative effort than through civilian channels.
AMEC's primary mission is to fill the gaps in the CTR
programme on issues of direct relevance to environmental protection.The programme also emphasises the
need to leave behind an infrastructure for Russia to use
after cooperative threat reduction programmes have
come to an end.
The AMEC program currently includes a number of specific activities that fall into the cooperative areas indicated
above. These activities address both nuclear and nonnuclear environmental security concerns in Russia and
complement related projects that are underway in Russia
pursuant to the objectives of CTR. All present radiological
AMEC projects in Russia are conducted with support of
the CTR programme and governed by the CTR
Implementing Agreement.

The AMEC-cask for storage and
transporting of spent nuclear fuel
at the storage pad in Atomflot.
Photo: Bellona

In Russia, on the other hand, as much spent fuel is recycled
for reactor grade plutonium and uranium, which is used
in RBMK reactors, as possible. That output has never
been high: The Mayak Chemical Combine's RT-1 facility,
which reprocesses spent naval fuel and spent nuclear fuel
from the fast breeder reactors, the older model VVER440 reactors and research reactors, has a theoretical
capability of reprocessing 400 tonnes of fuel per year. In
reality, it only reprocesses an average of 120 tonnes
annually.159
It was therefore a contradiction of the United States'
open nuclear fuel cycle policy when CTR, in 1998, agreed to help Russia -- which was in the throes of a catas159 "Bulgaria to ship 20 tons spent nuclear fuel to Mayak plant," Bellona Web,
www.bellona.no/en/international/russia/nuke_industry/siberia/mayak/29644.html,
May 19, 2003.
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In the past, AMEC has developed a dual-purpose prototype transport and storage cask for naval spent fuel.The
design, fabrication and the majority of the testing of the
cask were completed by May 2000. The cask has a
design life of 50 years and holds up to 49 submarine fuel
assemblies.160 This project was commenced under the
CTR Umbrella Agreement and is managed by the U.S.
Environmental Protection Agency (EPA) for the DOD.
AMEC has also undertaken the development of mobile
technology for the treatment at remote sites of liquid
radioactive waste associated with the decommissioning of
nuclear submarines.The appropriate expertise and operational experience exists in Russia, with input coming also
from the United States, Norway and Finland.161 AMEC
also initiated a programme for the implementation of
technology that reduces the sheer volume of solid
160 Bellona Foundation, "Artctic Nuclear Challenge Report," Oslo, 2001, p. 61.
161 Ibid.

radioactive waste. Such volume reduction reduces overall storage costs. It also facilitates better disposal of solid
nuclear waste from strategic and general purpose submarines.
AMEC has also facilitated advanced interim storage
technologies for solid radioactive waste. Poorly designed
Russian storage facilities for radioactive materials have
caused local contamination. The AMEC interim storage
project aims at building capabilities within the Russian
Federation to design and build appropriate storage facilities without further outside assistance. A total of 22
American-made solid radioactive waste containers have
been delivered to Russia. Another 100 steel containers
produced in Russia were certified.162
A project aimed at cooperation in radiation monitoring
and environmental safety was also driven forward by
AMEC.The project aims to assist in the identification of risk
levels during various stages of decommissioning, the
determination of safety monitoring equipment needs and
the provision of safety equipment and operator training.163
Recent conversations with AMEC officials indicate that the
programme is planning to develop safer pontoon systems
for hauling decommissioned submarines to dismantlement
points. If approved and implemented, this could go a long
way toward improving Russia's poor safety record for
transporting dismantled submarines, the most disturbing
example of which was the sinking of the K-159 in
August, 2003 (see Chapter 5).

3.1.2. Mayak Fissile Materials Storage Facility
Begun in 1993, the Mayak Fissile Material Storage Facility
(FMSF) is the longest running CTR project to date.
Several western and Russian news agencies reported in
December 2003 that the facility had been opened with
a ribbon cutting ceremony, but that several more months
worth of safety equipment installation, training and tests
remained before the facility could begin accepting fissile
materials.
Originally planned as a two-wing structure, the FMSF has
a design capacity to hold 50 tonnes of plutonium and
200 tonnes of highly enriched uranium (HEU).The fissile
material to be stored there is planned to come from
12,500 dismantled warheads.This is the equivalent of some
25,000 containers -- each holding roughly 4 kilograms of
material -- of dismantled fissile products. But in July 2003,
minister of the former Minatom, Alexander Rumyantsev,
sent a letter his U.S. counterparts indicating that only 25
tonnes of plutonium and no HEU would be stored at
the facility. It was also decided the facility would comprise
only one wing.The HEU would be put toward the U.S.Russian “Megatons to Megawatts” program (see below,
"HEU-LEU agreement", section 1.2). As concerns plutonium, Rumyantsev reasoned that Russia was only legally
bound to disposition 34 tonnes of plutonium as per the
2000 U.S. Russian Plutonium Agreement (see below,
Russia-U.S. Plutonium Disposition Agreement,).164 As a
result, only one quarter of the space available at the FMSF
will be used.165

Project

Status

Project Description

Prototype 40-metric
tonne storage container

Completed

Developing a prototype storage container for the interim storage and transport of spent nuclear fuel from dismantled Russian nuclear submarines.

Storage pad

Completed

Developing concrete pad for temporary storage of spent nuclear
fuel containers prior to their shipment to a permanent storage facility.

Drying technology for
40-metric tonne storage
containers
Liquid radioactive waste
treatment

Terminated

Developing technology to eliminate water from storage containers to inhibit
corrosion and increase container storage life.

Suspended

Developing mobile technology for treating liquid radioactive waste at
remote sites

Solid radioactive waste
treatment

Completed

Identifying and developing technologies to process (reduce volume and
stabilize) solid radioactive waste from dismantled nuclear submarines.

Solid radioactive waste
storage

Completed

Identifying and developing technologies to safely store solid radioactive
waste from dismantled nuclear submarines.

Radiation detection
system

Completed

Dosimeters

Completed

Developing and testing a system using Norwegian software and Russian
hardware to monitor radiation levels of spent nuclear fuel on decommissioned/dismantled nuclear submarines.
Providing the Russian navy with DOE-surplus dosimeters (radiation detection
devices) to monitor radiation levels within proximity of nuclear submarines.
Norway also provided Russia with dosimeters, but the equipment was
manufactured in Russia.

Table 32 Status of AMEC's past and on-going projects related to CTR.166
162 Conversations with Russian nuclear regulatory officials, September, 2004.
163 Bellona Foundation, "Artctic Nuclear Challenge Report," Oslo, 2001, p. 61.
164 Bunn, M., "Mayak Fissile Materials Storage Facility"
http://www.nti.org/e_research/cnwm/securing/mayak.asp, last updated by the
author on January, 30, 2004.

165 "NUCLEAR NONPROLIFERATION: DOE's Efforts to Close Russia's
Plutonium Reactors Faces Challenges, and Final Shutdown is Uncertain,"
United States General Accounting Office report GAO-04-662, Washington, p. 22.
166 AMEC information furnished to the U.S. Government Accounting Office
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As only 25 tonnes of plutonium is now to be stored at
the FMSF, only 6,250 canisters storing some 4 kilograms
of plutonium will be required.167
The number of canisters of plutonium that can be stored
in the facility is limited primarily by the heat output of
plutonium.The total heat output the facility's cooling system can safely handle the heat output of these canisters.
In a study completed in November, 2002, U.S. and Russian
experts concluded that -- contrary to previous expectations -- every canister space in the FSMF could be filled
with plutonium without exceeding the facility's heat
capacity, meaning a total capacity of 100 tonnes of plutonium.168
It is worth noting that, even today, there is no written bilateral agreement requiring Russia to store any of its fissile
material in this facility. Likewise, no final agreement providing transparency measures to the United States has
yet been reached -- though relevant officials on the U.S.
side are pursuing one.169
The FMSF has evaded several deadlines for completion
mainly because it has undergone numerous design changes
and budget fluctuations. Highly placed CTR officials have,
on numerous occasions over the past few years, fixed
the completion date for November 2002,170 which later
was pushed back to 2003.171
When Russia and the United States had planned to split
the cost of the FMSF, the U.S. share of a two-wing, 50,000
container facility was expected to be $275 million.
Ultimately, however, with economic circumstances preventing Russia from bearing its share of the cost, the estimated U.S. share rose to over $400 million for the first
25,000 container wing. The contractor eventually beat
this cost estimate substantially -- the DOD now estimates
the total cost of the Mayak facility to be $346.9 million.
According to the latest available figures, the DOD has
spent $303.6 million on the FMSF.172 By July 2003, the
DOD had spent $378.2 million on fissile materials containers.
The delays in getting the FMSF on line were characterized
in a 2004 report released by the U.S. General Accounting
Office, or GAO, as "a lack of agreements or specific agreements and coordination between relevant U.S. and
Russian organizations."173 The agreement between the
United States and Russia over the construction of the
Fissile Materials Storage Facility did not provide the U.S.
DOD with rights to verify the source of the fissile material to be stored.
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167 Ibid. Also, Bellona e-mail correspondence with Dr. Frank M. von Hippel of
Princeton University and Matthew Bunn of Harvard University, September 6, 2004.
168 Ibid.
169 Ibid.
170 Personal communication with Ken Meyers, April 2002
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Year's End."Bellona Web, May 26, 2003
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According to the U.S. Defence Threat Reduction Agency
-- the project arm of the CTR programme -- complete
installation and testing of Material Protection, Control and
Accounting (MPC&A) systems and the Integrating Control
Systems (ICS) at the FMSF should have been completed in
2003, and several pre-operational tests and training during
start-up will be conducted. Transparency technology,
however, will not be installed at the FMSF until 2005.174
For more complete technical details on the Mayak Fissile
Materials Storage Facility, see Chapter 2's "Fissile Materials
Storage Facility," "Incidents Connected to the Organization
of Physical Security."
Chapter 2 also covers a broad range of security breaches
at the plant as well as the environmental hazards posed
by its continued operation. See especially subsections
"Incidents and Accidents Registered at the MCC,"
"Potential Dangers of Surface Storage of LRW in the
Techa River System," and "Breaches of Legislation During
Reservoir Operation."
3.1.3. Materials Protection, Control and
Accounting Programmes
The United States sponsored MPC&A programme is run
by the DOE, and was set up to address precisely these
sorts of security shortfalls in the former Soviet Union's
civilian and military nuclear sites. CTR runs a sister programme to MPC&A called The Weapons, Protection,
Cooperation and Accounting, (WPC&A), which is more
routinely shunned by Russia's military industrial complex.
These efforts to secure Russia's weapons-usable nuclear
materials -- much of which even today still sit virtually
unguarded in ramshackle facilities -- began almost as soon
as the Nunn-Lugar act was adopted by U.S. Congress in
1992. The MPC&A programme is, by now, the biggest
and most successful international cooperative effort to
secure and account for nuclear weapons and materials.175
The efforts to build up the MPC&A's initially faced ardent
resistance from the Russian side. In fact, it was not until
1994 that Moscow began to show any signs of cooperation.176 Nonetheless, MPC&A's labours between 1992
through 2002 have supplied roughly $4.1 billion to control
nuclear warheads and materials in and around the Former
Soviet Union. Because of this, hundreds of tonnes of
nuclear material and thousands of nuclear warheads are
demonstrably more secure than they were a few years ago.
MPC&A again faced adversity when George W. Bush
came to office and attempted to slash cooperative threat
reduction funding. But September 11 changed that -- and
173 "NUCLEAR NONPROLIFERATION: DOE's Efforts to Close Russia's
Plutonium Reactors Faces Challenges, and Final Shutdown is Uncertain," United
States General Accounting Office report GAO-04-662, Washington, p. 21.
174 Ibid.
175 Unless otherwise noted, much of the information following in this report's section
on Materials Protection, Control and Accounting is based on Matthew Bunn's
informative "Securing Nuclear Warheads and Materials,"2003, Washington,
www.nti.org, and personal communication with CTR and DOE officials.
176 Bunn, M., and Wier, A., "Controlling Nuclear Warheads and Materials:The Global
Threat and Urgent Steps to Address It," 2002, www.nti.org.

it showed on the budget sheets. In fiscal year 2003 alone,
approximately $227 million was budgeted for MPC&A.
The 2004 budget request saw a slight decrease in that
to $226 million.177
Making MPC&A Work
The difference between MPC&A so-called "rapid upgrades" and "comprehensive" upgrades is significant, both in
terms of cost and measurable safety. "Rapid upgrades"
involve such techniques as bricking over windows, placing huge concrete blocks on top of material or in front
of doors of facilities that house nuclear materials.
"Comprehensive upgrades" consist of higher-tech approaches that include a broad spectrum of security and
accounting systems, including fences, detectors, sensors,
vaults, access controls, security cameras, tamper proof
seals and other similar devices.
CTR's WPC&A programme has had problems not so
much with the facilities it has upgraded being run correctly as it has with even being able to make the upgrades
at all. During the summer of 2002, several crate loads of
fences, sophisticated surveillance equipment, motion
detectors and other security devices purchased by the
U.S. government to help improve the security of nearly
123 Russian nuclear warhead storage facilities were
stopped and left to collect dust in a Russian customs
warehouse because of Pentagon bureaucracy and
Moscow security fears and cash crunches.178
In 2003, the United States and Russia agreed on a plan
to complete comprehensive MPC&A upgrades on all
weapons-usable nuclear material storage sites in Russia
by 2008 -- two years earlier than previously planned.179
Experts, however, have argued that the process must
proceed even more rapidly, and some doubt the 2008
goal can be met unless the programme undergoes a
revamping of some of its fundamental approaches, including a greater focus on Russia as a partner in these
efforts, rather than as simply their beneficiary.180
The Nuclear Defence Complex
According to Western data, Russia produced 120-150
tonnes of weapons-grade plutonium and 1,000-1,350
tonnes of HEU usable for nuclear weapons. Official
Russian data on stockpiles of nuclear weapons-grade
material are unavailable. The amount of such materials
not in nuclear warheads may vary: It increases as a result
of the withdrawal of weapons-grade material from nuclear weapons being dismantled, but it decreases as this
material is disposed of.181 The bulk of these materials are
177 Digges, C., "30 percent Increase in DOE's Non-proliferation Spending
Requested," January 31, 2003. Bellona Web, www.bellona.org.
178 Digges, C., "Fences for Nuclear Safety Seem Insurmountable," Bellona Web,
www.belllona.org,, June 10, 2002.
179 Ibid. See also "FY 2004 Detailed Budget Justifications-Defence Nuclear
Nonproliferation,"p. 625.
180 Einhorn, R.J and Flournoy, M., et. al. "Protecting against the Spread of Nuclear, Biological,
and Chemical Weapons," Centre for Strategic and International Studies, 2003.
181 U.S. Government Accounting office, "Report No. GAO-01-312," Washington,
D.C.: U.S. General Accounting Office, www.gao.gov/new.items/d01312.pdf,
February 28, 2001.

thought to be contained in the nuclear industry's network of closed cities,182 which enjoyed enormous prestige during Soviet times.

Bellona inspects the broken fence
around Seversk in 1994.
Photo: Bellona

The cities, nonetheless, remain sensitive sites from the
point of view of Russia's nuclear, defence and secret service agencies, and disputes about which sites U.S. officials
are allowed access are a recurring theme of this aspect
of MPC&A work.
The DOE had expected by early 2002 that 31 percent of
the weapons-usable material in Russia's defence complex
would have had initial rapid upgrades installed, and that
another 6 percent would have had full comprehensive
upgrades.183 However, by the end of 2002, comprehensive
upgrades had taken place for only 4 percent of the HEU
and plutonium sites, and rapid upgrades had been installed
at only 25 percent of the projected 32 percent.184 The
new upgrade targets set by the DOE the following year
were to complete rapid upgrades for 50 percent by the
end of 2004. Comprehensive upgrade goals were set at
12 percent by 2004.185
The Naval Programme
The MPC&A Russian Navy cooperation programme
began with the U.S. securing HEU naval fuel for the Russian
Navy. Based on the success of that endeavour, the Russian
Navy asked for help in upgrading security at naval nuclear
182 DOE, "FY 2004 Detailed Budget Justifications-Defence Nuclear Nonproliferation," p. 639.
183 DOE, "FY 2003 Detailed Budget Justifications-Defence Nuclear Nonproliferation," p. 107.
184 Bunn, M., "Securing Nuclear Warheads and Materials," www.nti.org, 2003.
185 DOE, "FY 2004 Detailed Budget Justifications-Defence Nuclear Non-proliferation,"
p. 640, updated by personal communication between Matthew Bunn and a
DOE official, March 2003.
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Storage for fissile material for
the Russian Northern Fleet,
built with U.S. assistance.
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warhead sites and is currently expanding to other types
of naval security. Since 1999, the programme has even
begun to encompass some Strategic Rocket Forces sites
because efforts by the U.S. DOD have faced continual
access difficulties.186
In 2003, the Programme had completed rapid upgrades
on nearly all of the estimated 60 tonnes of HEU naval fuel,
with only 2 percent remaining to have comprehensive
upgrades applied.The remaining 2 percent are housed at
two of 11 sites. The other nine have undergone comprehensive upgrades.187
Comprehensive upgrades have also taken place at seven
of approximately 42 sites that hold Russian Navy nuclear
warheads.The seven sites hold an estimated 22 percent
of the Russia Navy's approximately 4,000 nuclear warheads. Programme officials say they will complete rapid
upgrades for 100 percent of the HEU naval fuel as well
as the warheads, and comprehensive upgrades on 14 of
the 42 percent of the sites that house warheads.188
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for Acceleration and Expansion," in Proceedings of the 43rd Annual Meeting of
the Institute for Nuclear Materials Management, Orlando, Florida, June 23-27, 2002
(Northbrook, IL: INMM, 2002).
187 Bunn, M., "Securing Nuclear Warheads and Materials," 2003, Washington.
www.nti.org.
188 DOE, "FY 2004 Detailed Budget Justifications-Defence Nuclear Nonproliferation," p. 634.

Of all MCP&A programmes -- and, indeed, of all CTR
programmes as a whole -- the Naval programme is among
the fastest to realize its objectives and has upgraded
very sensitive facilities.This has been facilitated primarily
by U.S. teams building strong relationships with their
Russian counterparts, which includes the support of a
Russian integrating team based in Moscow that provides
guidance on much of the daily efforts, design and planning that advance the programme.189
The National Programmes
Perhaps the most wide-ranging of MPC&A projects are
its National Programmes, which deal with everything
from improving regulation of its projects throughout
Russia, to secure transportation of nuclear materials between Russia's nuclear installations, to training MPC&A
personnel, to installing a nation-wide computerized
accounting database on nuclear materials' locations, among
other projects.190 In a sense, the National Programme is
charged with overseeing the effective implementation of
all other MPC&A programmes.
189 Bunn, M., "Securing Nuclear Warheads and Materials," 2003, Washington.
www.nti.org.
190 Ibid.

The National Programme is responsible for MPC&A's
sweeping efforts to guarantee that high level security
and accounting for nuclear materials will be sustained
over the long term, particularly after U.S. assistance is
phased out of the programme and left it to Russia's
financial resources.191
In 2001, MPC&A's National Programme initiated its
"MPC&A Operations Monitoring," (MOM) efforts, which
installs monitoring camera and sensors at sensitive points
in order that site managers and Russian government officials are able to thwart attempts at nuclear materials
theft as well as observe that MPC&A procedures and
equipment are being properly applied. The sophistication
of the equipment is such that non-sensitive, near-real-time
dispatches of data are provided to the U.S. Government
to confirm the effectiveness of the programme.192 However,
this is often hard to ensure even while U.S. inspectors
are present in the country.193
The MPC&A regulatory support programmes are particularly important, as Russian nuclear facility managers,
faced with a very difficult budget situation, will always
have an incentive to cut back on spending for anything
that does not bring in revenue -- including security and
accounting for nuclear materials -- unless there is an
effective regulator making clear that failing to meet
stringent MPC&A standards will lead to fines or shutdowns.194 At current, independent nuclear regulators in
Russia are so weakened that they could not possibly be
expected to fill that role.
Radiological Materials Control
The wake of September 11 brought with it expansions in
the MPC&A programme that are specifically tailored to
improve security and control over radiological materials
that could be used in a so-called "dirty bomb"195 -- a conventional bomb packed with radioactive materials that
would conceivably be detonated in urban areas but which
would likely cause more panic than radioactive contamination.
But programme managers are devoting the lion's share
of their efforts to consolidating nuclear materials like
caesium-137 or strontium-90, the latter of which literally
litters the Russia's coasts in the form of radioactively
powered sources for maritime navigational equipment.
Many of these radiation sources are abandoned, but not
all of them. The true nature of the problem is that, whether or not these devices are in use or have simply been
forgotten, no one has anything better than an approximate idea of how many of them there are or where they
are located. Therefore, much of this material is entirely
191 Ibid.
192 Ibid.
193 Personal communication with a DOE inspector, July 2002.
194 Bunn, M., "Securing Nuclear Warheads and Materials." 2003.Washington
www.nti.org
195 Ibid.

unaccounted for. By the end of 2004, the programme
hopes to have secured over 400 of these 1.000 radiation
sources.196
Norway recognised the dangers of these radioactive
power units, known as RTGs, as far back as 1995, and
through its Ministry of Foreign Affairs, began a joint
Russian-Norwegian effort to dismantle them. Norway
has replaced RTGs at the five nuclear navigational devices closest to the Russian-Norwegian border with solar
panels. By the end of 2003, Norway had dismantled 45
RTGs, with plans to dismantle another 23 in 2004. It is
worth noting that RTGs are no longer being installed as
power sources in Russian navigation.197
The U.S.-supported Radiological Materials Control
Programme established a trilateral programme with Russia
and the International Atomic Energy Agency, or IAEA,
and Russia, to address radiological materials elsewhere in
the Former Soviet Union.The programme began initially
at four pilot sites with sites holding low level waste that
is managed by RADON -- which itself needs security
upgrades. Since the completion of its pilot projects, the
programme has identified at least 34 more RADON
sites in Russia and former Soviet Republics that require
immediate security improvements.198
Second Line of Defence
The Second Line of Defence programme, developed by
the DOE in 1998, seeks to prevent the illicit trafficking of
nuclear materials through airports, seaports, and land
border points in Russia and other states vulnerable to
nuclear theft. It works to achieve this by "rapid deployment
of radiation detection equipment to mitigate immediate
threats jointly developed training modules to foster longterm sustainability, and an integrated communications
system to catalogue alarms with photos of perpetrators."199 The programme, which was initially under State
Department direction, was transferred to the DOE's
MCP&A programme by the Bush administration in 2001.
The programme has focused on evaluating Russian points
of entry and exit, and outfitting them with radiation
detection, as well as training for its use and the provision
of other materials to keep the equipment up and running.
Among the equipment installed by the programme are
hand-held detectors, and so-called "portal monitors"
that are walk- or drive-through devices to detect nuclear
materials on pedestrians or in cars and trains.The equipment detects both gamma and neutron radiation and
the monitors are linked to a central command post that
sounds an alarm in the event of a radioactive smuggling
attempt. The centralized alarm system makes it far more
196 DOE, FY 2004 Detailed Budget Justifications-Defence Nuclear Nonproliferation, p. 650, 2003.
197 Norwegian Radiation Protection Authority (NRPA) Bulletin, "Dismantling RTGs
on the Kola Peninsula," NRPA Bulletin 7-04, p. 2, www.nrpa.no, March 25, 2004.
198 Ibid.
199 U.S. Department of Energy (DOE), FY 2003 Budget Request: Detailed Budget
Justifications - Defence Nuclear Non-proliferation , pp. 123-126, Washington,
DC: DOE, February, 2002.
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difficult for smugglers to bribe individual customs officials
because the central command is also notified.The DOE
would like to extend the network of monitors so that
regional and even national authorities are notified of
each smuggling attempt.200

for building the MOX fabrication plant202 in the United
States reach $4 billion and the Russia plant -- for which
the United States has actively solicited G-8 countries -- is
estimated to cost $2 billion. As of September 2004, the
United States had raised only $800,000 toward the effort.

In 2002, the Second Line of Defence programme identified 60 out of 300 potential border crossings in Russia at
which it pledged to install radiation detection equipment by
2005.The sites were chosen based on a crossing point's
proximity to facilities housing nuclear material, the frequency of traffic, and their potential as a route for smugglers.201 The inaugural project was the installation of equipment at Moscow's Sheremetyevo airport in 1998. The
programme met its 2002 deadline of securing 20 border
sites, and increased that figure to 38 by 2003. The programme has also received a dramatic increase in funding.
In 2002, the government allocated $24 million for the programme, an increase of $22.1 million over its 2001 budget.
In 2003, it requested and received $24 million once again.
The boost in funds has prompted programme officials to
say that Second Line Defence equipment can be installed
in more than the originally budgeted 60 sites by 2005.

In the 1960s and 1970's about 1 tonne of MOX fuel was
produced at a pilot plant at Mayak from plutonium alloys.
The Zhemchug plant at Mayak, operational since 1986,
produced some 35 kilograms of plutonium annually and
was used to make fuel assemblies for fast neutron reactors. It is now shut down.The Granat plant, on line since
1988, produces some 70 to 80 kilograms a year, also for
use in fast neutron reactors. The Paket plant produces
70 to 80 kilograms of plutonium per year, which are used
primarily to fabricate MOX fuel pellets. The capacity of
the Paket MOX fabrication plant is far below the industrial levels required to fabricate fuel for the two-tonneper-year quota set in the 2000 Plutonium Disposition
Agreement.203

3.1.4. Russian-U.S. Bilateral Plutonium Disposition
In 1995, President Bill Clinton announced that the United
States had 50 tonnes of plutonium in excess of its defence
needs. In reciprocation, two years later, then-President
Boris Yeltsin announced he intended to remove 50 tonnes
of plutonium from Russia's stockpiles, and declared it
surplus.
In 1996, the two presidents commissioned a bilateral
panel to make recommendations on how to dispose of
this excess plutonium.The panel recommended immobilisation and fabrication and burning of mixed uranium
oxide and weapons-grade plutonium oxide, or MOX
fuel, in specially retrofitted civilian reactors.They also said
a combination of these two methods would be the
most practical means of plutonium disposition. MOX is
comprised of plutonium and uranium oxides.
On July 4, 2000, Presidents Clinton and Vladimir Putin
signed the United States-Russian Federation Plutonium
Disposition Agreement, which stipulated that the programme -- from MOX fabrication plants, to specially
retrofitted commercial reactors the MOX fuel would be
burned in -- would be running by December 31, 2007.
Far below original the original pledges, the 2000 plutonium
agreement stipulated that only 34 tonnes of weaponsgrade plutonium would be destroyed. From that point, both
countries would burn, in parallel progress, two metric tonnes of weapons-grade plutonium a year. Estimated costs
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Furthermore, Russia has too few reactors that can burn
MOX fuel from weapons-grade plutonium, thus putting
in question whether Russia can meet the two-tonne a year
quota. At present, only the BOR-60 and the BN-600 fast
neutron reactor at the Beloyarsk NPP are capable of
burning MOX fuel. As noted, the BOR-60's ability to burn
MOX fabricated from weapons-grade plutonium is still
being tested.The BN-600 will require special modifications
to convert it to a plutonium burner that would dispose
of a net 1.3 tonnes a year.204
In order to meet the yearly quota, Minatom plans to
convert six VVER-1000 reactors, four located at the
Balakovo NPP in Russia's south-western Saratov region
and the other two at the Kalinin NPP, located in the Tver
Region, north of Moscow. Should this plan work, it would
make the VVER the work horse of the MOX programme
and allow Russia the reactor capacity to burn the twometric-tonne-per-year quota. But the plan is not without
its critics who point not only to the high cost of revamping these reactors, but the dangers inherent in burning
plutonium in reactors that run on uranium. The VVER1000 conversion plan, as currently envisioned by engineers, does not allow for any margins of error.205 Should a
MOX assembly begin to overheat, reactor operators
would have very little time to stabilise the situation before
it went into core meltdown.206

202 The MOX fabrication plant itself was designed by French nuclear giant Cogema.
This design was then transferred to the U.S. concern Duke, Cogema, Stone &
Webster, or DCS, which was formed expressly for adapting and building the
MOX facilities in South Carolina in the U.S. and near Tomsk in Russia. However,
the expiration of the 1998 Agreement on the Management of Used Plutonium
in July 2003-and the State Department's refusal to extend it-blocked passage of
the DCS design to Moscow for "Russificaton" of the MOX facility's design (more
on the agreement's expiration below).
203 Kuznetsov,V.M., "Nuclear Danger," revised and updated edition, Epitsentr Press,
Moscow, 2003.
204 ITAR-TASS "V 2009 godu v Rossii dolzhen nachat rabotat chetvertyy blok
Beloyarskoy AES s reaktorom na bystrykh neytronakh novogo pokoleniya,"
ITAR-TASS in Integrum Techno, http://www.integrum.com, 27 April 2001.
205 Personal communication with DOE official, April, 2002.
206 Personal communication with a GAN official, August, 2002.

Bush Administration Quashes Immobilisation
As per the initial agreement, the United States planned
to burn 25 tonnes of its 34 tonne obligation as MOX,
and dispose of the rest in a process called immobilisation,
which can be done in two principle ways.
One method of immobilisation involves melting plutonium oxide in high-level radioactive waste and specially
fabricated sand, thus making glass bricks, and burying the
bricks in a permanent repository. The other, called the
"can-in-canister" approach, would compress weaponsgrade plutonium into pucks and store them in canisters
filled with molten glass containing high-level radioactive
waste.These canisters would then likewise be placed in
a permanent repository.207
Immobilisation is cheaper than MOX-burning -- by the
DOE's own admission. According to the Nuclear Control
Institute, a well-respected Washington-based NGO, the
DOE "acknowledged in its 2002 plutonium disposition
report to Congress that the cheapest disposition option
for all 34 metric tonnes of surplus U.S. plutonium was its
immobilisation in high-level waste, yet the DOE prematurely ended development of this option in 2002,"208 when
the Bush administration scratched immobilisation from
U.S. plutonium disposition plans.
U.S.-Side problems
The United States would apparently have no problem in
meeting its MOX burning quotas, with the South Carolinabased Duke Energy reactors slated to be the main engine
behind the U.S. side of the effort. But in February of 2004,
the programme ran into a brick wall when the Bush White
House delayed by at least a year any further progress by
excluding from its budget request funding necessary to
build the $4 billion U.S. MOX fabrication facility at the
DOE's Savannah River Site.This has left the U.S. State of
South Carolina with several tonnes of weapons grade
plutonium oxide that have been shipped there in anticipation of the commencement of construction.209
Roadblocks to the MOX Programme: Liability
In July 2003, the biggest hurdle to moving forward with the
MOX programme was set by the U.S. State Department
when it refused to extend the 1998 U.S.-Russian
Agreement on the Management of Used Plutonium,
which was signed for a duration of five years. The State
Department's main contention against renewing the
agreement -- even though it had nothing to do with
industrial level fuel testing, construction or other potentially hazardous activities -- was that it did not conform
to the liability structure of the so-called CTR Umbrella
Agreement.This agreement, which must be appended to
207 Digges, C., "Technical Agreement for Plutonium Disposition Allowed to Lapse
by U.S.," Bellona Web, www.bellona.org, Oslo, July 30, 2003.
208 Lyman, E., et. al "20 National & Grass Roots Organizations Call on Congress to
Reject $402 Million Groundbreaking for Plutonium Fuel Plant," Nuclear Control
Institute, www.nci.org, Washington, July 10, 2003.
209 Digges, C., "MOX plan delayed by Bush administration budget documents,"
Bellona Web, www.bellona.org, Oslo, February 11,, 2004.

all U.S.-Russian nuclear remediation projects, is extremely
onerous from the Russian perspective.
Under the Umbrella Agreement, Russia is liable for any
accident, nuclear or otherwise, that may occur in Russia
during U.S.-Russian nuclear threat reduction projects.
The Umbrella Agreement is so broad that Moscow
would be held liable even for a broken leg suffered by a
U.S. contractor falling down a flight of stairs in his own
flat. Russia would also be liable for acts of terrorism
occurring on project sites.
Financing
The liability problems served to distract from one of the
programme's most acute problems which was lack of
financing. Two studies, one conduced by the DOE and
the other by France, Germany and Russia, estimated that
running the MOX programme -- independent of the costs
of building the MOX fabrication plants -- would cost
from $1.7 billion to $1.9 billion over 20 years.210 In the
2000 Plutonium Disposition Agreement, it is written that
"Russia and America recognise the need for international
financing and assistance" in order for Russia to implement
its plutonium disposition plans.211 By 2003, according to
the DOE, only $800 million -- a mere $100 million more
than 2001 figures -- had been collected toward the
Russian MOX effort.212
G-8 countries have been slow in pledging funds for the
programme. Former first deputy minister of atomic energy,
Valentin Ivanov, urged Western countries to resolve financing issues by April 2002. As an alternative option to plutonium disposition implementation, Minatom officials
propose allowing Russia to "lease" its MOX fuel to Western
customers in order to increase revenue for the plutonium disposition programme.This way, they claim, international funding could be reduced to $1 billion.213
The Russian nuclear industry maintains hopes that, after
it has completed burning its obligatory 34 tonnes of
weapons-grade plutonium, it can use the approximately
100 or more tonnes it has toward creating a plutoniumbased fuel cycle, in which the MOX fabrication plant at
Tomsk would play an integral part.
3.1.5. Shutting Down Russia's Plutonium Reactors
In June 1994, U.S. Vice President Al Gore and Russian
Prime Minister Viktor Chernomyrdin signed an agreement committing the Russian government to end plutonium production at its three remaining plutonium production reactors "no later than the year 2000." In the
210 "G-8 Moving to Pu Disposition Programme into High Gear," NuclearFuel,
pp. 7-8, 11 December 2000.
211 "Uncertainties About the Implementation of U.S.-Russian Plutonium Disposition
Efforts," U.S. General Accounting Office,
http://www.access.gpo.gov/...docid=f:rc98046.txt.pdf, 2003.
212 Personal communication with a DOE official, October 2003.
213 "Scheme to Burn Russian Weapons Pu as MOX in West Hinges on German
OK," NuclearFuel,Vol. 25, No. 21, 16 October 2000, Platts Global Energy Web
Site, http://www.archive.mhenergy.com/cgi-bin/archive/. See also Moss, Z.,
"Bellona Position Paper: Mixed Oxide Fuel: Revitalising the Reprocessing
Industry," Bellona Web, http://www.bellona.no/en/international/russia/nukeweapons/nonproliferation/27697.html, January 7, 2003.

107

agreement, the United States promised to help Russia
"identify funding" to replace the reactors.
The signing of the agreement was the culmination of talks
that had started in 1992, when the United States had fist
approached Russia about closing these reactors -- two
of which are located at Seversk, formerly Tomsk-7, and one
of which is at Zhelzenogorsk, formerly Krasnoyarsk-26
-- representing the last three of Russia’s former 13 weapons plutonium reactors. The United States had, by the
time it initiated these talks with Russia, shut down all 14
of its plutonium producing reactors.
The dilemma was -- and remains -- that these reactors,
besides producing plutonium, also supply heat and electricity to the 300,000 to 400,000 residents of the closed
cities where the reactors are located and to the Siberian
city of Tomsk (not to be confused with Tomsk-7). The
reactors also use fuel that corrodes if it is not properly
stored or reprocessed after it is removed from the reactors.214 Thus, reprocessing the weapons grade plutonium
from these reactors adds another 1,200 kilograms of
plutonium to Russia weapons plutonium stocks a year.
The two sides officially broke through the ice in January
1996, when former DOE, Secretary Hazel O'Leary, and
the then-Russian Minister of Atomic Energy Viktor
Mikhailov signed an agreement to convert the cores of,
rather than replace, the reactors.
Core conversion changes a reactors' physics, and makes
it less likely to catch fire in the event of a loss of reactor
coolant. Core conversion also allows reactors to be run
at reduced power levels, increasing the time for reactor
operators to take corrective actions in an emergency situation.These and other safety upgrades have short-term
benefits, however, because when these three reactors
reach the end of their scheduled life spans by about the
year 2010, other safety issues will arise. Core conversion
is also, as time has shown, extremely expensive -- first
estimated at $80 million according to some records215 -and complicated from an engineering point of view.
A fossil fuel replacement plant feasibility study later showed
that replacing the reactors with coal or natural gas plants
would cost between $700 million and $1 billion,216 whereas a nuclear power replacement plant study estimated
that building new nuclear plants would cost between $1
billion and $3 billion.217 Core conversion cost estimates
had meanwhile ballooned to $300 million.218
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214 "Agreement Between The Government Of The United States and the
Government Of The Russian Federation Concerning The Shutdown Of
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215 Lyman, E., et. al. "Letter from NCI to Vice President Al Gore," Nuclear Control
Institute, www.nci.org.nci.org, Washington, December 17, 1999.
216 "Core Conversion Highlights/Issues," Pacific Northwest National Laboratory,
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Safety and Security Issues Surrounding Core
Conversion
For the United States, supporting regional governments
in Russia that shared its views on reactor replacement
was especially important because, at many levels, the
Russian nuclear industry seemed unable to place technical, economic, or security criteria ahead of its parochial
and promotional interests.219
Because of this, many U.S. officials believed that direct
funding of Russian nuclear facilities through reactor
replacement or core conversion would encourage
Minatom to engage in activities that the United States was
trying to discourage, such as reprocessing and further
development of breeder reactor technologies.220
Following are just a few examples of what many U.S. and
Russian observers noted was a particularly slipshod plan:
• Core conversion, and the fuel loads it proposed for
the reactors, did not possess the necessary thermaltechnical reliability;
• A host of thermal-technical parameters approach
acceptable norms, which fails to guarantee the stopgap
before critical significance;
• The suggested reliability of stifling a nuclear reaction
with the proposed array of absorption rods is
contained in the proposal was never established;
• The programme was lacking in definitive coordination
and quality control over the work being performed
for the project;
• The proposed project made no decision about what
sort of metal -- aluminum or zirconium -- would be
used for the cores' technological canals;
• Numerous calculations made to establish safety did
not take into account the real condition of the reactor
blocs, which is conditioned by the length of their use
-- for example the calculations made for the graphite
masonry are accounted for fresh graphite bloc, etc;
• A recommended and established method of the calculation codes used to establish the safety of core conversion -- only some 15 to 20 percent of the codes suggested for use have been established -- does not exist.
Therefore those that had been used were unreliable;
219 Ibid.
220 Bukharin, O., "The Future of Russia's Plutonium Cities," p. 13, Princeton: Centre
for Energy and Environmental Studies, Report #296, March 1996.

• A programme for the experimental establishment of
engineering solutions for the most important parameters of the programme was completely absent
from the plan for core conversion submitted by the
Kurchatov Institute.221
Final Move to Fossil Fuel
In April of 2003, the Putin administration's former Prime
Minister Mikhail Kasyanov signed an agreement with the
DOE solidifying that the alternative mechanisms of power
for Seversk would be a half finished fossil fuel plant nearby,
and a new one for Zheleznogorsk. It was estimated that
it would cost $466 million to finish the fossil fuel plants
-- $172 million for the Seversk refurbishment, and some
$295 million for the plant at Zheleznogorsk. Kasyanov
also announced, prior to the signing of the agreement,
that Seversk would cease operations by 2005 and
Zheleznogorsk by 2006. In the end, because of DOE
budgetary restrictions and unclear arrangements in the
agreement, it was decided by the April 2003 agreement
that Seversk's two reactors would shut down by 2008
and Zheleznogorsk's one by 2011.
Plutonium Reactor Shut-Down Programme
Faces Many Hurdles
But according to a U.S. government audit performed by the
U.S. GAO, the plutonium reactor shutdown programme
is fraught with both political and technical difficulties.The
audit identified three key threats that could jeopardize the
reactors' eventual closure including (1) ensuring Russia's
commitment to key non-proliferation and safety goals of
the programme, (2) clarifying the existing reactor shutdown programme, and (3) working with Russia to find
employment for the thousands of Russian nuclear workers who are currently employed at the reactors.222
Another main problem is the safety of the reactors themselves. U.S. and Russian officials have identified all three as
being among the most dangerous in the world,223 having
exceeded their engineering lifespan by 20 years.The reactors lack safety features such as containment structures
of cement and steel that would serve as a barrier to the
release of radioactive material during an accident.This is
a greater risk for those two reactors at Seversk, which,
unlike the one at Zheznogorsk, are above ground.

Current U.S.-Russian Agreements are Unclear
Since the programme's transfer to the DOE in December
2003, the DOE has developed an overall programme plan
to manage the construction of the two fossil fuel plants
that places emphasis on project planning, risk reduction,
and periodic progress reviews by senior DOE officials.The
DOE has also selected two U.S. contractors -- Washington
Group International and Raytheon Technical Services -- to
oversee construction and is reviewing specific design and
construction plans for the plants.224 As mentioned above,
the DOE anticipates completing Seversk's plant in 2008
and Zheleznogorsk's in 2011. But there are an additional
17 organisations involved in managing the programme,
providing technical assistance and performing support
tasks. Beyond those 17 contractors are numerous Russian
subcontractors responsible for manufacturing, supplying
and installing equipment.225
Projected Shutdown Dates and Fossil Fuel
Plant Costs Unrealistic
Given these currently conflicting management directions,
the final shutdown of these reactors is uncertain. Perhaps
the most important challenge toward realising the goal
of shut-down is ensuring Russia's commitment to key
aspects of the programme. At present, the U.S.-Russian
Plutonium Reactor Shutdown agreement does not specify
what steps need to be taken to shut the reactors down
and the specific requirements that must be met to licence
and commission the replacement fossil fuel plants. This
taken together indicates that the projected shutdown
dates of 2008 and 2011 are highly over-optimistic.226
Coordinating Employment Programmes for
Post Reactor-Shutdown Unemployment
There exist two programmes within the DOE and one
internationally sponsored program that is partially supported by the U.S. State Department, but no cohesive plan
yet exists to secure employment for the thousands of
workers in Seversk and Zheleznogorsk that will be left
jobless by the reactor shutdown.227 Although the DOE
has said that failure to find jobs for these workers could
threaten the shutdown programme -- an assertion the
State Department disputes228 -- the DOE has yet to
coordinate a plan for the shutdown between its own
two programmes and the international effort supported
by the State Department.

All three reactors have been showing the wear of having
been run at high output for a very long time.The danger
that these reactors present is the risk of a catastrophic
reactor failure -- such as a loss of coolant accident -- which
would result in a fire expelling the highly enriched uranium
fuel and its fission by-products such as a plutonium and
strontium-90, all of which are highly carcinogenic.

Since 2001, U.S. congress has appropriated $40 million
annually to support the DOE's efforts to help displaced

221 All items listed from Kuznetsov,V., "Nuclear Danger," second edition, revised
and updated, Epitsentr Publishers, Moscow 2003.
222 "NUCLEAR NONPROLIFERATION: DOE's Efforts to Close Russia's Plutonium
Reactors Faces Challenges, and Final Shutdown is Uncertain," United States
General Accounting Office report GAO-04-662, Washington, June 2004, p.5.
223 Ibid. p. 8.
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On the Russian side, the nuclear industry has characterized
the looming unemployment problem as the most "acute"
problem in downsizing the Russian nuclear industry.229
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Russian nuclear workers find jobs. This has traditionally
been done through the DOE's Russian Transitions Initiative
(RTI) which is comprised of two programmes, the Nuclear
Cities Initiative (NCI), which currently has some projects
in Zheleznogorsk, and the Initiatives for Proliferation
Prevention (IPP), which has some projects in both cities.
Additionally, the U.S. State Department and several other
countries support the International Science and Technology
Centre (ISTC) programme. This programme supports
science centres in Russia and Ukraine and focuses on
paying nuclear, chemical and biological weapons scientists
to conduct peaceful research in a variety of areas, including
environmental clean-up.230
As directed by Congress, the NCI program works in
three of Russia's ten closed cities -- Snezhinsk, Sarov, and
Zheleznogorsk.The IPP is empowered to work in all 10 of
the closed cities. From 1999 to 2003, the NCI programme
spent about $15.7 million on 23 projects in Zheleznogorsk.
During the same period the IPP programme sponsored
one project in Zheleznogorsk costing about $1.8 million
and one project in Seversk that cost $1.2 million. As of
March 2004, the ISTC had three active projects in Seversk
and Zheleznogorsk. NCI, however, has not initiated any
new programmes since September 2003 because the
government to government agreement guiding the programme was not renewed because of liability disputed
between Russia and the United States.231
Transportation of low-enriched
uranium from Russia to U.S.
under the HEU-LEU agreement.
Photo: www.usec.com

The DOE office that administers the reactor shut-down
programme -- the Office of International Nuclear Safety
and Cooperation -- and the DOE office that runs the

RTI programme -- the Office of Non-proliferation and
International Security -- have begun to coordinate their
efforts, which include joint trips to the cities. But as of
April 2004, the DOE had not worked out a plan to formally coordinate the department's reactor shut-down
programme with ongoing DOE efforts to help displaced
Russian nuclear workers find jobs. Officials from both
offices have reported that they have begun to draft a joint
action plan to address Russian workforce transition issues
tied to the reactor shut-down programme. But the DOE
also acknowledged that it has not yet begun to coordinate
its efforts with the ISTC programme on these same issues,
but said they are ready to use ISTC in cooperation with
other U.S. efforts to address finding jobs for the thousands
of workers that will be displaced.232
While the fossil fuel plants near Seversk and
Zheleznogorsk are being refurbished, the reactors will
continue to produce enough plutonium for one new
nuclear bomb a day. The plutonium will continue to be
stored on site at both facilities in oxide, or powder, form.
According to estimates by Rosatom chief Alexander
Rumyantsev, the reactors will have produced some 10
more tonnes of weapons-grade plutonium before they are
shut down.233 After the reactors are finally decommissioned, they will sit dormant for another 50 years until radiation levels have cooled to a point acceptable for their
safe dismantlement.234

3.2.The HEU-LEU Agreement
In the early 1990s, the U.S. government began discussions with Russia on the concept of converting Russian
nuclear warheads into fuel for nuclear power plants. On
February 13, 1993, the United States and Russia signed
a 20-year, $12 billion agreement for the down-blending,
or diluting, of 500 metric tonnes of highly enriched uranium (HEU) from dismantled Russian nuclear warheads
into low-enriched uranium (LEU) fuel for use in U.S.
commercial nuclear power plants.
The agreement specified that executive agents appointed by the U.S. and Russian governments fulfil the agreement on commercial terms.The U.S. State Department
is the lead federal agency overseeing the HEU-LEU programme, as it has come to be known, and has been one
of its chief proponents.
On January 14, 1994, the United States Enrichment
Corporation, or USEC, and the Russian enterprise
Tekhsnabexport, known as TENEX, signed the 20-year
commercial implementation contract, popularly known

230 Ibid. 23-24.
231 Ibid. 23.
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as "Megatons to Megawatts" -- denoting the programme's
purpose of converting nuclear warheads into electricity.
USEC is an international energy company, and is also the
main supplier of enriched uranium fuel for commercial
nuclear power plants worldwide. Its headquarters are located in Bethesda, Maryland, a suburb of Washington, DC,
and it operates a production facility in Paducah, Kentucky.
Fully one-half of USEC's uranium supply comes from the
Megatons to Megawatts' LEU purchased from Russia.
TENEX was formed in 1963, and since 2001, it has been
a joint stock company with 100 percent of its shares
owned by the state. Its main purpose is to import and
export products for the nuclear industry.
Through a process of several steps in Russia, bomb-grade
uranium material is down-blended until it becomes suitable
for use as fuel in commercial nuclear power reactors.
USEC then purchases the fuel to sell to its utility customers in United States. USEC is responsible for paying
approximately $8 billion for the enrichment component.
The $4 billion uranium component is returned to Russia
for disposition.
The steps for processing HEU from nuclear weapons to
LEU suitable for use in nuclear fuel for power-generating
reactors are as follows:
Dismantlement: The conversion of Russian nuclear
weapons into power plant fuel takes place at several
nuclear installations in Russia and begins with the removal of warheads and their highly HEU metal components
from strategic and tactical nuclear missiles.
Oxidation: HEU warhead components are machined
into metal shavings at the Siberian Chemical Combine
(SCC), known in Soviet times as Tomsk-7, now Seversk,
and at the Mayak Chemical Combine (MCC) near Ozersk.
The shavings are then heated and converted to HEU
oxide and any contaminants are chemically removed.
Fluorination: This oxide is converted to highly enriched
uranium hexafluoride (UF6) -- a compound that becomes
a gas when heated -- at the SCC and the Electro-Chemical
Plant (ECP) near Krasnoyarsk.
Dilution: At the SCC, ECP and the Urals Electrochemical
Integrated Plant (UEIP) near Yekaterinburg, the highly
enriched UF6 is introduced into a gaseous process stream.
There, it mixes with other material and is diluted to less
than 5 percent concentration of the fissionable uranium235 isotope, a level too low to be of any military value,
but ideal for producing electrical power.
Transfer to Cylinders: At all three facilities, the now
low-enriched uranium (LEU) is checked to ensure the
235 "USEC, Megatons to Megawatts programme," USEC, Bethesda, Maryland:
http://www.usec.com/v2001_02/HTML/megatons_stepbystep.asp.
236 USEC has declined to furnish yearly breakdowns for HEU purchases from Russia
in the years prior to 2002, citing commercial confidentiality, though totals have
been tallied.
237 Part of 1998's order is still being delayed by Russia pending agreements with
the U.S. government and three Western companies on the disposition of the
natural uranium component of the LEU.

product meets commercial specifications and is then
transferred to 2.5-tonne steel cylinders.
Shipment to St. Petersburg:The LEU fuel is enclosed
in shipping containers and sent to a collection point in
St. Petersburg. USEC takes possession of the fuel containers
in St. Petersburg and they are delivered to USEC's facilities
in the United States.
Arrival at USEC: The LEU is tested again at USEC's
facilities (originally at its Portsmouth, Ohio plant, but now
at its plant in Paducah, Kentucky) to ensure that it meets
appropriate commercial and customer specifications. If
necessary, the enrichment level of the uranium fuel can
be further adjusted to meet utility customer needs.
HEU Transparency Programme: To ensure that the
Megatons to Megawatts fuel from Russia is actually derived
from warhead material, the DOE and the National Nuclear
Security Administration (NNSA -- a semi-autonomous
body within the DOE dealing with nuclear issues) administer the HEU Transparency Program Through this programme, all aspects of the HEU to LEU process at the
plants described above are monitored.235
The first Megatons to Megawatts fuel shipment from
TENEX to USEC took place on June 23, 1995, and the
original schedule for the amount of HEU to be processed
into LEU was:
• 1995-1999, 10 metric tonnes/yr.
• 2000-2014, 30 metric tonnes/yr.
But the schedule has been revised several times since
the agreement was originally inked.The actual amount of
uranium transferred under this programme is shown in
Table 33. As of December 31, 2003, 201.5 metric tonnes
of bomb grade HEU had been converted into 5,932.7
metric tonnes of LEU power plant fuel through Megatons
Year

LEU
HEU Payments to
tonnes tonnes Russia236

1995
1996
1997
1998
1999

186
371
480
450
624

6
12
18
14.5237
21.3

2000
2001
2002
2003 (June)
2003-2013

858
904
879
492
18,700

30
30
30
15.7
322.5

----1995-1999 total $1.1
billion, $381.8 million
paid for 1999
--$443.6 million
---

500

$7.5billion238

Total:

Table 33 U.S.-Russian Megatons to Megawatts programme,
progress overview.239
238 USEC is responsible for purchasing approximately $8 billion (after June 2002
agreement implementing market prices for LEU - $7.5bn) for the enrichment
component.The $4 billion uranium component is returned to Russia for
disposition.
239 Based on U.S.-Russian Megatons to Megawatts programme Progress Report by
USEC, June 30 2003 (http://www.usec.com/v2001_02/html/Megatons_status.asp).
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to Megawatts.This is equivalent to the elimination of 8,059
nuclear warheads.
New Pricing
Since the programme's beginning, purchases under the
Megatons to Megawatts contract were made on a fixedprice basis. But the late 1990s saw an unexpected decline
in the market price of LEU, due in large measure to excess
enrichment capacity. In June 2002, USEC and TENEX
received approval from the U.S. and Russian governments
for new market-based pricing terms for the remaining 11
years of the Megatons to Megawatts contract. The new
terms, which went into effect in January 2003, ensure the
contract's long-term stability.
The terms of the Megatons to Megawatts contract
amendment include:
1. A commitment through 2013 for annual purchase of
at least 5.5 million SWU,240 which is derived from approximately 30 metric tonnes of HEU;
2. A market-based pricing formula that includes a discount
from an index of international and U.S. price points,
including both long-term and spot prices. A multi-year
retrospective of this index will be used to smooth out the
disruptive effect of any short-term market price swings.
3.The amendment anticipates that Russia will receive at
least $7.5 billion over the 20-year term of the contract.241
Proposed Increase
Some studies by non-governmental organizations have
proposed expanding and extending the existing HEU-LEU
agreement. This has included calls for accelerating HEU
down-blending from 30 to 60 metric tonnes annually
and/or extending the agreement by 10 years to cover an
additional 300 metric tonnes of material. It should be
noted, though, that any such changes in the basic terms of
the 1993 HEU agreement would require renegotiation
by both governments.
Russia has indicated that 30 metric tonnes of HEU a year
would consume all of the country's capacity to downblend HEU material to commercial grade LEU and that
more such material on the market could affect their sales
of commercial enriched uranium and/or depress the
market prices they reap. The HEU agreement requires
that Russian LEU be introduced "in a manner so as to
minimize disruptions in the market." Given a generally flat
demand for the foreseeable future, a substantial increase
in Russian enriched uranium in the market would clearly
depress prices, hurt domestic production and potentially
undermine the HEU agreement's continuity and successful implementation, according to USEC.242
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240 SWU, or separative work unit, is a unit of measurement for uranium
enrichment; 5.5 million SWU is Equivalent to approximately one-half of annual
U.S. commercial nuclear fuel demand.
241 The text submitted for the record by USEC Inc. to the U.S. Senate Committee
on Foreign Relations, 19.03.2003 (http://www.usec.com/v2001_02/content/
News/Implementation-of-LEU-from-HEU-Purchase-Program.pdf).

LEU Stockpile Objections
The U.S. DOE's fiscal year 2004 budget includes $25
million for purchasing an additional 15 metric tonnes of
down-blended Russian HEU that would be used as a
strategic stockpile in the event of a shortage of supply.
As stated previously by USEC representatives, such a LEU
stockpile is unnecessary to support or backstop the HEU
agreement. USEC already maintains an inventory and its
own production to ensure all customer orders are fulfilled
on time. During the few occasions that Russia has interrupted deliveries under the contract, USEC met all customer orders from those sources. As acknowledged by the
DOE, any government stockpile would have to be kept
off the commercial market in order to ensure sustainable
market economics. It is USEC's opinion that an oversupply
still exists in the commercial market. USEC additionally
thinks that any additional introduction of material would
depress prices, undermine the strength of the HEU agreement and threaten the economics of U.S. production.243

3.3. NDEP and MNEPR
Of those efforts undertaken by European nations to stem
the environmental and security dangers posed by Russia's
deteriorating nuclear arsenal, the most significant has been
the Northern Dimension Environmental Partnership
(NDEP) programme. NDEP stems from the European
Union, or EU, Northern Dimension Initiative. This programme is aimed at creating a safe environment -- focused
on the areas of water, wastewater, solid waste, energy
efficiency and nuclear waste -- covering the area from
Iceland to Northwest Russia and from the Norwegian,
Barents and Kara Seas in the north to the southern
coast of the Baltic Sea. In June 2000, a European Council
meeting held in Feira, Portugal, endorsed the Northern
Dimension Action Plan.
At a Northern Dimension Ministerial conference in
April 2001, the European Bank of Reconstruction and
Development (EBRD),The European Investment Ban (EIB),
the Nordic Investment Bank (NIB) and the World Bank
(WB), as well as the European Union (EU) Presidency and
the European Commission (EC) were asked to form a
concrete proposal for the Northern Dimension project.244
Two months later, in June 2001, the European Council
accepted their proposal, and the EBRD and the EC arranged a pledging conference for what came to be known as
the NDEP Support Fund. On July 9, 2002, the conference
took place in Brussels, raising €110m altogether, €62m
of which was earmarked for NDEP's "Nuclear Window"
242 From a text submitted for the record by USEC Inc. to the U.S. Senate
Committee on Foreign Relations, March 19, 2003 (http://www.usec.com/v2001_
02/content/News/Implementation-of-LEU-from-HEU-Purchase-Program.pdf).
243 From a text submitted for the record by USEC Inc. to the U.S. Senate
Committee on Foreign Relations, March 19, 2003, (http://www.usec.com/v2001_
02/content/News/Implementation-of-LEU-from-HEU-Purchase-Program.pdf).
244 Northern Dimension Environmental Partnership, "How was NDEP formed,"
www.ndep.org, London, EBRD, December 2003.

-- funding which is set aside exclusively for nuclear remediation projects in Northwest Russia.The fund is held by
the EBRD, but spending priorities are set by NDEP's steering committee and Assembly of Contributors.245
The original Assembly of Contributors consisted of Russia,
Denmark, Finland, the Netherlands, Norway, Sweden and
the European Commission, (EC).The EC pledged an initial
€50m, and the five original nations each pledged €10m.
The pledging conference had overshot its €100m goal
by €10m.246 In late 2003, France, Canada and the United
Kingdom joined NDEP's Assembly of Contributors by
making their own donations to the Nuclear Window
programme.
By the end of summer 2004 NDEP's Nuclear Window
account balance jumped from €62 million to €142 million
for, five submarines were being dismantled, and cash was
pouring in for nuclear clean-up and storage projects from
practically all nations that had promised to help. By
December 2003, the NDEP nuclear window account held
€160 million, EBRD officials said.247 By mid 2004 -- when
donations to NDEP and direct financing of contractors
in Russia are taken into account -- more than $550 million
from Europe and Japan were at work on nuclear dismantlement and environmental safety projects. The standard
$1 billion U.S. threat reduction funding only added to the
progress. The EBRD, NDEP member nations, European
Parliamentarians, and the G-8 were pleased with the start.248
245 Moss, Z., "Bellona Position Paper:The Northern Dimension Environmental
Partnership (NDEP)," Bellona Web, www.bellona.org, Oslo, October 4, 2002.
246 Ibid.
247 Digges, C., "Minatom adopts sub dismantlement 'master plan' at NDEP meeting,"
Bellona Web, www.bellona.com, Oslo, January 12, 2004.
248 Conversations with EBRD officials, November 25-27, 2003.

The snag in getting the money to Russia was convincing
Moscow to sign the Multilateral Nuclear Environmental
Programme in the Russian Federation, or MNEPR
accord. This agreement provides the legal framework,
tax exemption and liability structure for foreign partners
that do not already have bilateral agreements in place
with Moscow to carry out work in Russia. MNEPR was
under negotiation among its partner states for several
years.249 The €62m in pledged NDEP Nuclear Window
funds were, meanwhile, held hostage by these negotiations
until the MNEPR agreement was eventually signed in
mid-2003 (see below).

A Russian guard outside Building
5 in Andreeva Bay.
Photo: Lev Fedoseyev/ITAR-TASS

3.4.The G-8 Global Partnership
Prompted by the horrific events of September 11, 2001
and the realization that terrorist groups could easily turn
from airplanes to loose nuclear material kept in poorly
guarded conditions throughout Russia, the Group of Eight
most industrialized nations met in June 2002 in Kananaskis,
Canada and made a bold joint pledge of $20 billion dollars
over the next 10 years to help fund nuclear remediation
projects in Russia. The Group of Eight or G-8 had only
recently been so renamed to incorporate Russia, which
had long coveted membership and recognition in the
prestigious G-7 group. This initial group included the
United States, Canada, France, the United Kingdom,
Germany, Japan and Italy.
249 Moss, Z., and Martin, S., "EU-Russia Committee discusses Russian nuclear safety,"
Bellona Web, www.bellona.org, Oslo, November 28, 2002.
250 Digges, C., "World Funding Pours Into Russia for Nuclear Cleanup and Sub
Dismantling," Bellona Web, www.bellona.org, Oslo, July 16, 2003.
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The general financial scheme of the G-8 plan is that all
G-8 members but the United States will contribute a
total of $10 billion over the next 10 years toward nuclear
weapons dismantlement and nuclear clean-up in Russia,
while the United States will shoulder an additional $10
billion in nuclear aid during the same time period, thus
giving rise to the programme's nickname, the "10 plus 10
over 10" plan. Officially, it was dubbed the "G-8 Global
Partnership Plan" by the participating nations.
The Arms at Stake
As part of the Global Partnership Plan, Russia agreed to
allow better access to its nuclear sites.The issue of access
has been a thorn in the side of threat reduction efforts
since the collapse of the Soviet Union, and the anger of
western nations -- especially the United States -- who
were not being allowed to inspect nuclear sites they were
paying to secure or dismantle was threatening to block
important nonproliferation achievements. At Kananaskis,
Moscow further promised to provide the donor nations
with the authority to audit and oversee the way their
money is spent.250
In return, Russia is to receive more security for weapons
stocks such as 150 to 200 tonnes of weapons-grade plutonium; some 1,200 tonnes of highly enriched weaponsgrade uranium; an estimated 16,000 nuclear weapons, in
storage, including nuclear land mines and shells, and some
portion of Russia's 40,000 to 44,000 tonnes of chemical
weapons -- which include sarin and VX gas and which
constitute the world's largest stockpile of chemical weapons.251
The Global Partnership has begun work dismantling aging
reactors aboard Russia's rusting and, in some cases, barely
buoyant, decommissioned nuclear-powered submarines.
The G-8 programme is also slated to dispose of fissile
materials and find work for arms scientists that have been
cast into post-Soviet poverty now that their Cold War
weapons development skills are no longer required.
Paramount to the Global Partnership programme's development and adoption, said G-8 nations and nuclear analysts at the time it was announced, was the fact that Russia
was included in the process as a participating nation in its
own nuclear rehabilitation, rather than as a charity case
dependent on the largesse of other countries.
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largest nuclear remediation pledge ever made -- would
materialize.The Global Partnership statement did contain
some vague details about excusing certain Soviet-era
debts to other members of the G-8 in order that Russia
re-channels its loan payments into nonproliferation work.
But the statement was otherwise mute on the issue of
raising the colossal amounts of funding required to make
good on the pledge.
Jon Wolfsthal, a prominent non-proliferation analyst with
the Carnegie Endowment for International Peace raised
one question about funding that was soon on the lips of
most experts and observers, and which still has not been
satisfactorily answered on a country by country basis.
Wolfsthal's concern was whether contributing nations
were offering this funding free and clear of any money
they had already spent on nuclear remediation projects
in Russia, or if contributing nations would subtract from
their Kananaskis-pledged funding those sums they had
already spent on past or existing nuclear environmental
and non-proliferation agreements with Russia.252
Japan, for instance, has said that it has made some $200
million available to Russia for submarine dismantlement,
waste storage and liquid radioactive waste reprocessing
in the Russian Pacific Nuclear Fleet within the framework
of the Global Partnership agreement. In actuality, that
money has been available to Russia since 1998, and $38
million of it has already been spent on building the
Landysh.The Landysh is a liquid radioactive waste reprocessing barge anchored near the Far East Russian port of
Bolshoi Kamen, which was already in operation long
before the Kananaskis Summit convened.
The United Kingdom on the other hand, stated explicitly
in July 2003 that the $36 million that is financing its project
to dismantle two Oscar I class cruise missile submarines,
and to build onshore storage for SNF is new financing
meant to contribute to its Global Partnership pledge.253
Although the United States, with its CTR experience, is
seen as one of the main engines behind the Global
Partnership, it has yet to specify whether or not its nearly
$1 billion annual expenditure on bilateral nuclear disarmament programmes in Russia are part of Washington's
Global Partnership obligations or not.

3.4.1.The Global Partnership Funding Questions
Though the Global Partnership statement was lauded
worldwide by nonproliferation proponents and environmental experts, there was, nonetheless, legitimate concern
among these expert groups as to how this funding -- the

Two-year Hiatus in Promised G-8 Funding
Funding from the first pledges was some time in the
coming.The Global Partnership was seen by many nations
as, if not the final solution to Russia's nuclear problem, then
at least a giant step in that direction.Yet, save for ongoing
U.S. sponsored CTR and the DOE, activities -- which, as
noted, are only ambiguously a part of the United States'

251 Ibid.
252 Ibid.
253 Digges, C., "G-8 Pledges $20bn to Secure Russian Weapons of Mass

Destruction," Bellona Web, www.bellona.org, Oslo, June 28, 2002.
254 Conversation with Audit Chamber accountant, August 20, 2002.
255 Ibid.

Global Partnership pledge -- no nation seemed willing
after the 2002 Summit to be the first to dip its toes into
the funding pool. The initial post-Kananaskis glow of a
secure nuclear Russia wore off, and for almost two years,
the pledging nations seemingly forgot to back them up
with funding.
In 2002, there were still many factors militating against the
Global Partnership venture, the main one being the lack
of a clear, concise definition of bilateral and multilateral
threat reduction projects with Russia. Prior to 2002, countries concluding bilateral or multilateral deals with Russia
on submarine dismantlement, for example, or nuclear
clean-up in Russia's Northwest, would often find themselves backed into a corner by demands from what is now
called Rosatom, which would, as a matter of course,
argue that it was more familiar with the problems of radioactive contamination in Russia than were donor nations.
These nations were therefore simply informed of the
amount of money needed to complete certain projects,
and the donor nations -- with the exception of the
United States, which had learned its lessons early on in
the 1990s with the CTR programme -- would simply
wire their nuclear remediation money to Moscow.
The accounting and auditing flaws in such arrangements
were obvious, but were often the only way western nations could help Russia dismantle and secure its nuclear
arsenal. The fertile conditions for graft created by such
circumstances were not lost on some Minatom officials.
In 2002, the Russian Presidential Audit Chamber presented
a report revealing that Minatom has misappropriated
some $270 million in western funding, including U.S.,
financing intended to upgrade security at Minatom's dilapidated spent nuclear fuel (SNF) depositories.254

with Russia in the event of accidents during nuclear dismantlement operations they were funding.This does not
apply to the United States, which operates under the socalled CTR "umbrella agreement," a liability accord that
puts the onus for any mishaps during nuclear decommissioning activities squarely on Russia.
Clearly, this was not an environment in which G-8 and
other nations could expect their funding to be spent
rationally and responsibly, and likely kept potential investors away.

The pontoons used to secure the
transport of the nuclear submarine K-159, which sank during
towing off the Kola Peninsula in
August 2003.
Photo: www.ksf.ru

The stern of the K-159.
Photo: www.ksf.ru

The Audit Chamber revealed the money had instead
been channelled into a number of obscure research projects taking place in even more obscure laboratories.
Minatom bothered neither to explain why the money
had been thus mishandled, nor were any punitive measures taken.To this day, the money remains entirely unaccounted for.255
More recently, in November 2003, Minatom was found
by the Audit Chamber to have misappropriated, another
$4 million in money earmarked for submarine dismantlement. The lion's share of the money came from the
Russian Federal budget.256 Western funding was not examined in this audit.
Liability also remained an issue for many donor nations
that had to negotiate ad-hoc remuneration protocols
256 Digges, C. and Kudrik, I., "Audit of Minatom reveals millions in misspent cash
and lack of control on sub decommissioning," Bellona Web, www.bellona.org,
Oslo, December 5, 2003.
257 Digges, C. and Kudrik, I., "MNEPR Accord Signed in Stockholm Wednesday,"
Bellona Web, www.bellona.org, Oslo, May 21, 2003.
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necessary shove. Ironically, it was the non-G-8, MNPER
signatory nation of Norway that cast the first pebble in
what would become, over the following months, an
avalanche of G-8 cash for submarine dismantlement and
nuclear clean-up projects in Northwest Russia. On June
27, 2003, Norway signed a €10 million deal with Russia
to dismantle two decommissioned Victor II class attack
submarines from the Northern Fleet.257
Within two days, Japan, which did not sign MNEPR but
did make a Global Partnership pledge, inked its own
$5 million to $8 million deal -- Japanese officials refuse to
be more specific about precise figures -- with the Russians
to dismantle a Pacific Fleet Victor III class submarine.The
Japanese Ministry of Foreign Affairs described the dismantlement deal as a "pilot project" to gauge costs associated with dismantlement and spent nuclear fuel handling
and storage. Based on these findings, Japanese officials
said, further projects in the scope of the G-8 Global
Partnership will be evaluated.258
One of the last pictures of
the K-159 before it sank in
August 2003.
Photo: www.ksf.ru

Funding Dam Begins to Crack
The first easing of the log-jam that was clogging funding
from both the G-8 and NDEP's Support Fund appeared
with the signing of the MNEPR accord on May 21, 2003.
The singing of this accord made available some €62m in
funding held by the European Union's NDEP support
fund for environmental clean-up in northern Europe, as
noted above.
The signing of MNEPR -- between Russia, Finland, Sweden,
Norway, Denmark, the United Kingdom, Germany,
France, Belgium, the Netherlands, Russia, European
Commission officials and, with special provisions, by the
United States -- was a large-scale breakthrough toward
codifying tax and liability procedures for bi- and multilateral nuclear remediation projects in Russia.
Unlike the CTR umbrella agreement, MNEPR has more
liberal liability policies, including the right for Russia to
litigate in the event of an accident, which made the
accord an easy sell with Moscow. Such was not the case
with the United States, which demanded that the liability
language of the MNEPR protocol be separated out into
its own discrete protocol, which U.S. representatives did
not sign. Other nations, however, did sign and open what
seems, for the time being, to be a new era in nuclear
threat reduction and environmental clean up in Russia.
Pledges Pour In
In this sense, the MNEPR agreement began to give the
G-8's two-year-old pledges some focus -- as well as a
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By mid-July 2003, some $130 million had been pledged
by G-8 and other nations to either directly fund dismantlement and clean-up projects, or to expand the
funding available in NDEP's coffers. On June 30, 2003,
the United Kingdom pledged $56 million, $36 million of
which went toward direct funding of the dismantlement
of the Oscar I cruise missile submarines described above,
and another $20 million for NDEP's Nuclear Window
programme. France and Canada also weighed in with
contributions for NDEP's Nuclear Window. France pledged $40 million on June 30, 2003, and Canada followed
with its $24 million pledge on July 15, 2003. This added
France, Canada and the United Kingdom to NDEP's original Assembly of Contributors.259
Some months later, in October 2003, G-8 member
Germany made a €300 million contribution, within its
Global Partnership obligations, to help Russia safely store
floating submarine reactor compartments located in the
Kola Peninsula's Sayda Bay. The bay is home to approximately 50 laid-up submarine hulls, some still loaded with
their spent nuclear fuel.Another 30 such hulls are expected
over the next 10 years as Russia retires more submarines.
Germany plans to build, between 2003 and 2006, a 5.6
hectare warehouse type enclosure on the banks of Sayda
Bay for onshore storage of the irradiated reactor compartments and hulls currently on the water.The Germans
will also improve transportation and mechanical infrastructure for dealing with the reactor compartments.
Special cranes for hauling the derelict hulls off the water
and on to shore were, as of October 2003, under design.260
258 Digges, C., "Japan to Begin Non- Strategic Sub Dismantling Pilot Project by
Summer," Bellona Web, www.bellona.no, Oslo, July 17, 2003.
259 Digges, C., "World Funding Pours Into Russia for Nuclear Cleanup and Sub
Dismantling," Bellona Web, www.bellona.org, Oslo, July 16, 2003.
260 Digges, C., "Germany signs off on €300m to clean up Sayda Bay," Bellona Web,
www.bellona,no, Oslo, October 14, 2003.
261 RIA Novosti Russian News Agency, "Velikobritaniya vydelit na ytilisatsiyu
otrabotanogo yaadernogo v Rossii v 2004 Okolo $30mln," RIA Novosti,

The German Ministry of Economics and Labour, however,
went even further, saying that the Sayda Bay project was
only part of the €1.2 billion commitment Germany had
made within the framework of the Global Partnership.
The ministry still does not know what, concretely, it will
finance with that money, but officials said it would be concentrated on other radioactive waste storage projects.

In addition to the above listed funding, six new countries have joined the Global Partnership in 2003. Finland,
the Netherlands, Norway, Poland, Sweden and
Switzerland have committed about $200 million to specific projects. Recently, Finland announced an increase in
its commitment to €15 million.262

Then, in March 2004, United Kingdom pledged an addition
$30 million in direct funding to better store spent nuclear
fuel from decommissioned Russian submarines, primarily
in the ports of Murmansk, and clean up radioactive waste
at the notorious Andreyeva Bay and other Murmansk
Region areas.261

Canada
Can $ 1 billion
France
€ 750 million
Germany
$ 1.5 billion
Japan
$ 200 million
Italy
€ 1 billion
United Kingdom
$ 750 million
United States
$ 10 billion
Russia
$ 2 billion
European Union
€ 1 billion
Table 34 G-8 member nation (and EU) pledges as of
June, 2004. Source: G-8 Global Partnership Annual Report.263

By the time the Sea Island G-8 summit had convened in
June, 2004, G-8 members, plus the European Union (EU),
had made the pledges toward the Global Partnership
shown in table 34.
Moscow, March 23, 2004.
262 Ibid.
263 G-8 Senior Group, "G-8 Global Partnership Annual Report:The Sea Island

G-8 member nation

Map of Sayda Bay showing
the location of stored reactor
sections in 2002.
Photo:Vincent Basler

Pledge

Summit, June 2004," Sea Island, Georgia, http://www.g8usa.gov/d_060904i.htm,
June, 2004.

117

3.5. Russian Programmes
Most of the Russian financed programmes aimed at
nuclear remediation, non-proliferation and environmental
clean-up are financed by Federal Target Programmes
(FTPs). FTPs finance several sectors of the Russian economy and recent governmental decisions indicate that
the Russian Government intends to develop and use FTPs
in the future and to aim at making them more effective.
But FTPs are, as a rule, perpetually under-funded and
used as a last resort when there are no other funding
sources available.
International experience shows that, in certain circumstances, target programmes can be an effective instrument
for implementing the state's economic and social policies.
Target programmes are used as an administrative tool in
the European Union, the United States, and Japan to solve
strategic economic development tasks. In the U.S., for
example, roughly 50 percent of state spending goes into
target programmes, while the figure for France is 80 percent.
Today, Russian FTPs as an instrument of channelling
resources into key development areas are largely a way
to provide additional financing for the existing activities
of state structures. Both independent experts and experts
from the Ministry for Economic Development have maintained that many FTPs have turned into something like
black holes. These experts reckon that the majority of
FTPs substantially distort the picture of Russia's economy.
Despite continual under-financing, the Russian FTP programmes remain effectively a sinecure for an army of bureaucrats and fertile territory for corruption. Alongside
that, the preparation process for target programmes is
fraught with substantial shortcomings. No mechanism has
been developed to select problems to be addressed using
FTPs according to the country's development priorities.
Despite these shortcomings, the Russian Government

Damaged fences around the
Mining and Chemical Combine
in Zheleznogorsk.
Photo: Bellona

thinks that FTPs may be able to play an important role
in attracting financial resources, and also in solving highpriority problems -- assuming that they are made more
efficient.
At present, the Government is attempting to optimise the
structure of FTPs and sub-programmes, and to exclude
programmes which do not match up to approved priorities; according to the government, this will allow allocated funds to be concentrated into solving key tasks.
The Federal Budget for 2004 makes provision for 52 FTPs
and 92 sub-programmes (to be ratified as prescribed) in
six areas to receive financing from the federal budget. In
2005, according to official sources264 the number of programmes will be increased to 64, with the number of
sub-programmes being reduced to 84.
The reason for the increase in the number of programmes
is the increased number of what are known as Presidential
Programmes. These are mainly anti-terrorism and antidrug programmes, as well as programmes to strengthen
the army and Russia's military-industrial complex.
In 2005, one nuclear related FTP left over from 2004
(unrevised and unchanged) will be included in the list of
FTPs put forward for federal-budget funding -- the Federal
Target Programme for Dealing with the Consequences
of Radiation Accidents for the Period until 2010.
The Government has also said that eight FTPs must be
revised before they can be recommended for funding in
2005; these include the Subprogramme for Reform of
Nuclear Industry Enterprises (the Nuclear Weapons
Complex) in 2002-2006, and the Sub-programme on
Security and Development of Nuclear Energy.
Experts have concluded that a number of programmes,
including Nuclear and Radiation Safety in Russia for
2000-2006 programme satisfy neither legal requirements
nor principles of target-programme administration.These
programmes' goals, tasks and measures are weakly coordinated; administrative mechanisms are poorly developed or completely absent; and the effectiveness of spending resources within the framework of the programmes
is groundless or dubious.
These programmes need a fundamental overhaul, which
in several cases would essentially involve the development
of new programmes. At the same time, halting funding
for these programmes in 2005 is not target-oriented for
two reasons: (1) the economic and social significance of
the problems to be solved by the programmes, and
264 Russian Government website,
http://www.programs-gov.ru/cgi-bin/news.cgi?news=all&id_news=812).
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(2) the presence on the programme-measures list of reequipping of important establishments, including those in
transition -- i.e., construction of which began recently.
An Example of How the FTP Allocations Work
An example of how the money allocated to FTPs is spent
and how effectively these programmes are implemented
can be illustrated by the Sub-programme for Management,
Recycling, and Storage of Nuclear Waste and Spent
Materials.
On December 14, 2001, the board of the Russian
Presidential Audit Chamber published its conclusions
on monitoring the Federal Target Programme for
Management, Recycling, and Storage of Nuclear Waste
and Spent Nuclear Materials in 1996-2005.265 The conclusions from the monitoring were as follows:
• Treatment of radioactive waste and SNF in Russia is
in a crisis situation. Over the 50 years of development
of the nuclear industry, nuclear energy, the creation of
the nuclear fleet, and the widespread introduction of
radiation technologies in industry, agriculture, medicine
and other areas, and at enterprises and the organisations
of various government agencies, radioactivity totalling
6,000 million Curies has accumulated without the
necessary storage or processing capacity.
• From 1996 to 2000, the "Federal Target Programme
for Management, Recycling, and Storage of Nuclear
Waste and Spent Nuclear Materials in 1996-2005"
was unsatisfactorily financed by funds from the federal
budget. Only 10.7 percent of the funds stipulated by
the programme for 1996-2000 were actually allocated,
and of 63 percent of the requested funds ratified by
the federal budgets in those years; 48 percent of the
funding stipulated by the Programme went into capital
investment in legislation.The under-valuation by
government bodies of the importance of resolving
the problem of management of radioactive waste and
spent nuclear fuel both now and over the next 20 to
50 years has lead to a situation in which not one of
the Programme's forecasted results for the last five
years has been met.

3.5.1. Nuclear FTPs Financed in 2004266
Programme for Nuclear and Radiation Safety
in Russia for 2000-2006
This is Russia's largest and, according to Government
assessments, least efficient nuclear FTP. The programme
includes 20 subprogrammes;Table 35 shows their names
and respective financial expenditure.
The official goal of the programme is the broad-based
solving of the problem of guaranteing the nation's nuclear
and radiation safety, aimed at reducing to a socially
acceptable level the risk of the effects of radiation on
people and their residential environment from nuclearenergy installations and sources of ionising radiation,
both man-made and natural.
At the end of each year, official accounts are published
which include lists of the largest investment projects
implemented as part of the programme during the
accounting year. Assessing the effectiveness of these
programmes is virtually impossible, but their titles can be
found on the websites of the Ministry for Economic
Development and the Web site of the FTPs themselves.
For example, in 2003, under the Programme for Nuclear
and Radiation Safety in Russia, official data showed that
projects implemented included the construction of various
"special purpose" establishments.These included various
depositories, SNF-processing establishments and decontamination facilities. Research and development included
testing of various equipment, and the development of
documentation in various areas, including legal documentation.
Programme for Dealing with the Consequences
of Radiation Accidents for the Period until 2010
The goal of the programme is to finish implementing
measures maintaining the socio-economic reclamation of
territories and to facilitate the radiation safety of Russian
citizens exposed to the effects of radiation following
accidents at the Mayak Chemical Combine, the Chernobyl
NPP, and nuclear weapons testing at the Semipalatinsk
testing range by 2011.

The Ministry for Economic Development and Trade has
put forward a proposal to commission the state contractors for these programmes to revamp them and present
new versions to the Ministry by December 1, 2004.This
would mean that the reworked programmes could be
assessed by experts, and if necessary changes could be
introduced before they are included in the federal budget for 2006. All nuclear and radiation safety programmes are listed next page in table 35.

The composition and budgets for the subprogrammes
are shown in Table 35 on the next page.

265 Enactment of the Board of the Audit Chamber of the Russian Federation,
December 14, 2001, No. 43 (279).

266 Unless otherwise noted, all programme information can be found at
http://www.programs-gov.ru/cgi-bin/fcp_actions.cgi?mod=action&prg=132.

As part of the Subprogramme for Dealing with the
Consequences of the Accident at the Chernobyl NPP,
the main focus is on providing social support to those
who suffered as a result of the accident (building houses,
hospitals, and boiler-houses, among other things).
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FTP
Nos.

Title of sections, programmes, and
subprogrammes

State
Current spending
capital
investment R&D
Running
(millions
costs
of roubles)

Overall
level of
financing

4.5.

Programme for Nuclear and Radiation Safety
in Russia for 2000-2006
State contractors: Ministry for Economic
Development and Trade; Ministry of Industry,
Science, and Technology; Emergency Situations
Ministry; Health Ministry; Nuclear Energy
Ministry (co-ordinator); State Shipbuilding
Agency; Natural Resources Ministry; Federal
Nuclear and Radiation Safety Inspectorate.
Subprogramme for Management, Recycling,
and Storage of Nuclear Waste and Spent
Nuclear Materials
Subprogramme for the Security of Russia's
Nuclear Industry

29.7500

104.7200

134.4700

29.7500

23.2848

53.0348

2.4640

2.4640

Subprogramme for the Security of Nuclear
Power Plants and Nuclear Research
Installations
Subprogramme for Nuclear Energy Stations
and Next-Generation Nuclear Establishments
with Increased Security
Subprogramme for Improving Training,
Re-Training and Qualifications of Staff

2.9568

2.9568

5.6672

5.6672

2.0944

2.0944

Subprogramme for Organising a State
Inventory and Control System for Radioactive
Substances and Radioactive Waste
Subprogramme for Nuclear and Radiation
Safety at Shipbuilding Industry Enterprises
Subprogramme for Protecting the Population
and Territories against the Consequences of
Possible Radiation Accidents
Subprogramme for Systems Provision for
Protecting the Population and Reclaiming
Territories Exposed to Radioactive Pollution
Subprogramme to Create a Unified State
Automated Control System of the Radiation
Situation on the Territory of the Russian
Federation

2.0944

2.0944

13.0592

13.0592

6.1600

6.1600

0.1848

0.1848

6.5296

6.5296

Subprogramme to Reduce the Level of
Exposure of the Population to Radiation and
of Human-Caused Pollution of the
Environment with Naturally Occurring
Radionuclides.
Subprogramme for Organising a Unified
State System of Controlling and Registering
Citizens' Individual Radiation Doses and the
Health Situation among At-Risk Groups
Exposed to Increased Levels of Radiation
Effects

3.4496

3.4496

2.3408

2.3408

Subprogramme for Organising a System of
Medical Service and Labour Protection for
Workers Exposed to Radiation During
Production

5.0512

5.0512

4.5.1.

4.5.2.
4.5.3.

4.5.4.

4.5.5.
4.5.6.

4.5.7.
4.5.8.

4.5.9.

4.5.10.

4.5.11.

4.5.12.

4.5.13.

Table 35 List of Federal Target Programmes and Federal Programmes for Regional Development Earmarked for Financing
from the Federal Budget in 2004. Figures shown in millions of roubles at 2004 rates.
For comparison, see "Data on the Financing of Federal Target Programmes Realised in 2003" in Appendix 3.
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FTP
Nos.

Title of sections, programmes, and
subprogrammes

4.5.14.

Subprogramme for Organising a System of
Medical Service for At-Risk Groups of the
Population Exposed to Increased Levels of
Radiation Effects

1.6016

1.6016

4.5.15.

Subprogramme for Rendering Specialist
Medical Assistance in Cleaning up the
Consequences of Radiation Accidents
Subprogramme for Means and Methods for
Researching and Analysing the Effects of
Nuclear- and Radiation-Dangerous
Establishments on the Environment and
People
Subprogramme for Methods of Analysing and
Forming a Base for the Security of Nuclearand Radiation-Dangerous Establishments
Subprogramme for Protection Strategy for
Russia's Nuclear and Radiation Safety

2.2176

2.2176

5.5440

5.5440

12.3200

12.3200

2.4024

2.4024

Subprogramme for Development of Federal
Norms and Regulations on Nuclear Security
and Radiation Safety (Technical Aspects)
Subprogramme for Development of Federal
Norms and Regulations on Nuclear Security
and Radiation Safety (Health Aspects)
Programme for Dealing with the
Consequences of Radiation Accidents for
the Period until 2010
State Contractor: Emergency Situations
Ministry
Subprogramme for Dealing with the
Consequences of the Accident at the
Chernobyl NPP
Subprogramme for Dealing with the
Consequences of Accidents at the
Lighthouse Production Union
Subprogramme for Dealing with the
Consequences of Nuclear Testing at the
Semipalatinsk Testing Range
Programme for the International
Thermonuclear Experimental Reactor
(ITER) for 2002-2005
State contractor: Nuclear Energy Ministry

3.5728

3.5728

1.7248

1.7248

4.5.16.

4.5.17.

4.5.18.
4.5.19.

4.5.20.

4.7.

4.7.1.

4.7.2.

4.7.3.

5.1.

State
Current spending
capital
investment R&D
Running
(millions
costs
of roubles)

63.0128

Overall
level of
financing

473.8000

4.6800

541.4928

299.9000

1.8500

301.7500

82.6000

1.4300

84.0300

91.3000

1.4000

92.7000

67.7600

67.7600

5.7.

Programme for Reform and Development of
the Defence-Industrial Complex (2002-2006)

571.3000

5.7.1.

Subprogramme for Reform of NuclearIndustry Enterprises (Nuclear-Weapons
Complex) in 2002-2006
State contractor: Nuclear Energy Ministry

47.5000

5.11.

Programme for Energy-Effective Economy
for 2002-2005 and Potential until 2010

1694.5000

68.9920

1763.4920

5.11.2.

Subprogramme for the Security and
Development of Nuclear Energy
State contractor: Nuclear Energy Ministry

252.0000

27.1040

279.1040

534.0000

1290.0000

2395.3000

1100.0000

1147.5000

Table 35 (Continued) List of Federal Target Programmes and Federal Programmes for Regional Development Earmarked
for Financing from the Federal Budget in 2004. Figures shown in millions of roubles at 2004 rates.
For comparison, see "Data on the Financing of Federal Target Programmes Realised in 2003" in Appendix 3.
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The Subprogramme for Dealing with the Consequences
of Accidents at the Mayak Chemical Combine includes
social support, as well as undertaking measures to remove
reservoirs containing liquid nuclear waste. Official data
for 2003 show that 102,500 cubic meters of rock were
used to fill in some of the reservoirs.
As part of the Subprogramme for Dealing with the
Consequences of Nuclear Testing at the Semipalatinsk
Testing Range, 18 new establishments were constructed
in 2003. Thirteen scientific-research programmes were
undertaken to provide the scientific basis for the following
parts of the programme: protecting citizens' health and
medically rehabilitating them; radiation and health monitoring of the population's exposure to radiation; social
protection and reclamation of polluted territories; and
analysis of the experience gained from organising and
carrying out measures to defend and rehabilitate the
population.
Programme for the International Thermonuclear
Experimental Reactor (ITER) for 2002-2005
The aims of the programme are: provision of a basis for
the usage of energy from thermonuclear reactions for
peaceful means, and preparation of Russian organisations
and enterprises for large-scale participation in equipping
the ITER reactor as part of an international co-operative effort.The programme's budget is shown in Table 35
(previous page).
Work on the programme was carried out under 67
contracts. A national directorate has been created to
administer the programme. Members of the directorate
include representatives of the state contractor and of
the main executive organisations.
Programme for Reform and Development of
the Defence-Industrial Complex (2002-2006)
The Programme includes the Subprogramme for Reform
of Nuclear-Industry Enterprises (Nuclear-Weapons
Complex) in 2002-2006.The Subprogramme's budget is
shown in Table 35 (previous page).
As part of the work on concentrating military production,
40 enterprises belonging to the Nuclear Power Ministry
were restructured and diversified in 2003 (at a cost of
some 41 billion roubles).
Because of limits on the budgetary obligations of the
federal budget -- the Federal Direct Investment
Programme has a list of construction projects, installations and projected works -- state capital investments in
2003 were mainly channelled into financing programme-

122

based reform measures at enterprises of the Russian
nuclear industry's nuclear-weapons complex.
Programme for Energy-Effective Economy for
2002-2005 and Potential Until 2010
The programme includes the Subprogramme for the
Security and Development of Nuclear Energy. The budget
for the programme is shown in Table 35 (previous page).
During implementation of measurements under various
parts of the Subprogramme, experimental work and work
on increasing the security of working NPPs was carried
out to ensure the safety of working NPPs in 2003.

Chapter 4
The Economy
of Russia's
Nuclear Industry

The Economy of Russia's Nuclear Industry
The strict culture of secrecy that surrounds Minatom,267
and which was inherited from its predecessor organization Midsredmash, naturally extended to the ministry's
budget and financial situation. Working under such tight
secrecy was convenient for the managers of defenceindustry plants and organisations under Minatom's control,
since it meant they could receive practically unlimited
financing and spend it without any due monitoring.
In contemporary Russia the tradition of Soviet secrecy has
been somewhat relaxed in the aftermath of the
Chernobyl disaster, which led to the appearance and
development of ecological openness. But the collapse of
the Soviet Union brought with it an outpouring of western
attention to Russia's nuclear problems -- attention that
was unwanted by Russia's security services as well as
Minatom. Secrecy again began to shroud the Russian
nuclear industry's finances, and financial information
once again became scarce, limiting experts' access to
reliable figures and facts to analyse the efficiency of the
country's stockpile of nuclear weapons.
Now, this secrecy helps the industry to hide how these
financial influxes are being used, both foreign aid and
budget funding (and the abuses associated with its distribution). Therefore, it is possible to say that official
information about the economic aspects of Minatom's
work is available in very limited quantities.
To a certain extent, the economic activities of those
nuclear-power establishments that have been amalgamated into Rosenergoatom, which runs Russia's civilian
nuclear power plants, are an exception. Although transparency is in short supply here as well, it is possible at least
partially to examine them based on official publications
and the general analytical conclusions of a few independent experts. But a definite difficulty here is the complexity of separating Minatom's military and civilian work.
Most information about previous spending on the creation and development of the Soviet Union's nuclear
industry is still classified. It also continues to be difficult
to obtain data on subdivisions of Minatom's current
work, its financial sources (budgetary, grant-based and
earned), as well as information of an economic nature,
for the following reasons:
• All information about the Ministry, now agency’s,
continuing military work (weapons production and
processing of nuclear materials for military purposes)
is secret;
• Information on the commercial activity of Minatom's
subdivisions and affiliated bodies in the area of trans267 Minatom was reformed and became the federal Agency of Atomic Energy, or
Rosatom in spring-summer 2004
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mission and sales of nuclear technologies, materials
and products to other countries; personnel training;
construction of nuclear plants abroad; leasing of fresh
nuclear fuel and reception for storage and reprocessing
of spent nuclear fuel (SNF), and production and
export of nuclear materials (isotopes, etc.) is not
classified as secret under current legislation, but
Minatom does not make it public under various pretexts -- as a rule, citing commercial secrets, defence of
client interests or the lack of a single tariff for measuring work carried out and services sold;
• Information on foreign aid and grants to optimise
production processes and increase safety in the
management of nuclear materials is for all practical
purposes unavailable due to massive corruption in
the body that handles financing from grant sources.
(An example of this is the work of the State Duma's
anti-corruption committee regarding the work of
former Nuclear Power Minister Yevgeny Adamov.);
• It is difficult to gain access to information on the
acquisition of funds from sales of Soviet weaponsgrade uranium under the high-enriched uranium -- low
enriched uranium (HEU-LEU) agreement due to the
opacity of the budgets of Minatom and its affiliates.
Therefore, these figures have to be looked for in
foreign sources, both official and independent.
For the above-listed reasons, data on Minatom's economic
activities is virtually never printed in open sources.
Individual information publications are circumstantial in
nature and of dubious reliability. Because of the abovelisted limitations, work on this section of this report
necessarily resorted more to a comparison of data
obtained from high-ranking former Minatom sources and
independent experts. This chapter therefore maintains
quality rather than quantity in terms of the information
it presents on Minatom's economic activities.

4.1. Assessing the Balance of
Income and Expenditure: Minatom's
Official and Real Budgets
During the Soviet era, the nuclear industry absorbed a
huge amount of natural, material, human and financial
resources to produce weapons-grade uranium and plutonium, as well as to produce a massive amount of waste
at each stage of the production process (both in basic
production areas and areas providing essential resources
and material support for the nuclear industry). At a
rough estimate, this spending made up at least 25 percent of the Soviet Union's gross domestic product
(GDP) from 1946 to 1986.

When the military strategists decided that enough nuclear
weapons had been produced to ensure parity with a
potential adversary, the issue arose as to how to use this
scientific and industrial potential for applying nuclear energy
withing the national economy. And so, nuclear power
began to develop as an offshoot of military nuclear production. Because of this, nuclear power was working both
with the waste -- in scientific and production terms -- of
weapons-grade nuclear fuel, and spending on the development of nuclear power was never separated from overall
spending on the military-industrial complex's nuclear sector. For this reason we have only estimates (qualitative
information) about spending and income in this sphere.
At present the situation is gradually changing, and it is
becoming possible to identify several items of spending
and income in the civilian nuclear sector separately from
Minatom's overall funding. For more on this, see section 4.4.
4.1.1. Systematising Economic Activities
Below is a very broad systemisation of the areas of economic activity of Minatom and other structures involved
in the nuclear-fuel cycle, as well as a list of the most pressing and expensive actions in dealing with the consequences of the nuclear industry's work.This list includes
actions necessary for estimating the nuclear industry's
balance of income and expenditure.
Stages of the Nuclear-Fuel Cycle and Related
Tasks
• Search for uranium deposits (geological survey work);
expert opinion holds that Russia does not have large
reserves of cheap uranium ore; practically no survey
work is being done at present (see chapter 2);
• Development and mining of uranium deposits (uranium mines); Russia's main area for uranium-ore
extraction is located in southeastern Siberian Chita
Region (Krasnokamensk, the Priargun Mining and
Chemical Production Union); there is also the Tugan
thorium deposit in the Tomsk Region, from which it
would be possible to extract raw materials for thorium reactors;
• Enrichment of uranium ore (enrichment centres);
the country's main enrichment centre is located in
Novouralsk (formerly Sverdlovsk-44 in the Sverdlovsk
Region);
• Transport of uranium ore and enriched concentrate
at all stages of extraction and enrichment (ore transportation);
• Isolation of uranium dioxide (U2O5), and the production of fresh nuclear fuel (fresh fuel production).
In Russia, most fresh nuclear fuel is produced in
Elektrostal in the Moscow Region;

• Transport of fresh nuclear fuel to where it will be
used (fresh nuclear fuel transport);
• Storage of fresh nuclear fuel before use (fresh nuclear
fuel storage);
• Use of fresh nuclear fuel in military, civilian or research
reactors, as well as mobile nuclear-energy plants, or
NEPs (fresh fuel use); at present, there are military
reactors at the Mayak Chemical Combine in Ozersk,
in the Chelyabinsk region, which has two reactors at
the Siberian Chemical Combine (SCC), in the town
of Seversk in the Tomsk region, which runs two reactors and at the Mining and Chemical Combine (MCC)
at Zheleznogorsk in the Krasnoyarsk region, which
operates one reactor.There are 30 civilian reactors
spread among Russia's 10 working nuclear power
plants (NPPs). Roughly 50 reactors and critical assemblies are housed in scientific-research and other
educational institutions across the country; most
mobile NEPs, of which there are about 500, are installed on board nuclear submarines and surface ships;
• Extraction of spent nuclear fuel (SNF) from reactor
after use (SNF extraction);
• Storage of spent nuclear fuel after use at the place of
the fuel's use in onsite storage pools (SNF storage);

A worker holding a fuel pellet
used to produce fuel for nuclear
power plants in Russia.
Photo:
Anatoly Ustinenko/ITAR-TASS
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• Transport of spent nuclear fuel to long-term storage
or reprocessing (SNF transportation); in Russia this
means transport to Mayak in the Chelyabinsk Region
or the Zheleznogorsk Mining and Chemical Combine;
• Long-term storage and reprocessing of spent nuclear
fuel (long-term SNF storage and reprocessing); again,
in Russia this means Mayak and Zheleznogorsk;
• Long-term storage (for thousands of years) of radioactive waste and material (RWM) formed during
reprocessing of SNF (RWM storage); there are
currently no repositories for long-term storage of
radioactive waste and materials anywhere in the world;
• Provision of physical security (PS) and nuclear radiation safety (NRS) at all stages of isolated-materials
management, including long-term storage (provision
of PS and NRS).
The Infrastructure of the Nuclear Industry's
Military Sector
• Reactors producing weapons-grade nuclear materials;
• Sites for collection, storage and reprocessing of liquid
and solid radioactive waste formed during the course
of the production processes;
• Enterprises isolating weapons-grade nuclear material
from spent nuclear fuel;
• Enterprises collecting and subsequently disassembling
(after removal from use) nuclear products for military
use;
• Enterprises storing the nuclear components of products for military use;
• Enterprises storing radioactively-contaminated products and materials for military use;
• Transport of nuclear materials and radioactivelycontaminated products for military use;
• Sites for use, repair, storage and desposition of military
technology linked to nuclear weapons or having a
mobile NEP (most of such problems found in the
nuclear submarine fleet);
• Provision of physical security and nuclear radiation
safety at all stages of management of nuclear materials
and radioactivity-contaminated materials for military use.
Nuclear Energy Infrastructure
• 30 reactors at ten working NPPs;
• Sites for collection, storage and processing of liquid
and solid radioactive waste formed during the course
of production processes;
• Sites for collection, storage and reprocessing of SNF
formed during the course of production processes.
Scientific-Research Reactor Infrastructure
• Scientific-research reactors, critical assemblies, and
sub-critical assemblies located at scientific-research
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and other training institutions;
• Sites for collection, storage and processing of liquid
and solid radioactive waste formed during the course
of production processes;
• Sites for collection, storage and reprocessing of SNF
formed during the course of production processes.
Nuclear-energy sites that must be decommissioned by 2050 in line with norms of nuclear
and radiation safety, as well as nuclear waste
and materials
• All working and non-working reactors at the 10 NPPs;
• All working and non-working military reactors;
• All bases and laid up sites for nuclear submarines
and surface ships;
• All temporary-storage sites for SNF;
• All temporary-storage sites for liquid radioactive waste
(LRW), both artificial and natural bodies of water
that are used as LRW repositories;
• All temporary-storage sites for solid radioactive
waste (SRW) of all levels of radioactivity.
Radioactively-contaminated areas and establishments in need of rehabilitation (reclamation),
including sites of non-military, civilian nuclear
explosions
• According to a list drawn up in 2001 by Minatom's
Administration for Ecology and Decommissioning of
Nuclear Sites, such areas and establishments are
located in 40 of Russia's constituent regions.The
overall cost of priority work is some 168.4 billion
roubles ($5.8 billion).
The list of establishments and the cost of essential cleanupwork can be found in Table 36, which is based on
information prepared by Miniatom's Decommissioning
Authority in 2001.
The further development of the Russian nuclear industry
is only possible if it manufactures in-demand products or
provides services on a competitive basis. The nuclear
industry's civilian sector produces electric power, isotopes,
nuclear-technology-based equipment (primarily medical
and diagnostic), raw uranium, and weapons-grade uranium
and plutonium.
Probably only isotope production is profitable in the
conditions of a market economy. Russia's main producers
of isotopes are all former establishments of the nuclear
cycle's military sector: the Siberian Chemical Combine
in Seversk, and at Mayak. However, these establishments
do not bring in enough income to support the whole of
the nuclear industry. In all probability, it will not be pos-

Region

(Cost Estimate)

1

Bashkortostan
(160 million roubles,
or $6 million)

2

Republic of Sakha
(Yakutia)
(280 million roubles,
or $10 million)
North Ossetia
(10 million roubles,
or $340 million)
Tatarstan
(150 million roubles,
or $5 million)
Udmurt Republic
(123 million roubles,
or $4 million)
Chechen Republic
(160 million rubles,
or $6 million)

3

4

5

6

7

8

9

10

11

12

13

14

Altai Territory
(120 million roubles,
or $4 million)
Krasnodar Region
(25 million roubles,
or $1 million)
Krasnoyarsk Region
(14,600 million roubles,
or $504 million)
Russia's Far East
(21,300 million roubles,
or $735 million)
Stavropol Region
(140 million roubles,
or $5 million)
Khabarovsk Region
(120 million roubles,
or $4 million)
Arkhangelsk Region
(16.800 million roubles,
or $580 million)

Astrakhan Region
(320 million roubles,
or $11 million)

Major Problems and Immediate Actions
Wells liquidation and the rehabilitation of the area near the Grachevsky oil deposit
where non-military nuclear blasts were performed; technological wells for underground injection of toxic waste;
The modernization of industrial sites Bashkirskiy Combine RADON;
Deactivating oil recovery equipment contaminated with natural radionuclides; radioactive waste disposal;
The rehabilitation of the area near the Kristal, Kranot-3 sites at the Sredne
Gotuobinskiy oil and natural gas deposit where non-military nuclear blasts were
performed;
The rehabilitation of the areas of geological exploration of uranium deposits;
The transportation of radioactive waste from the Pobeda Combine for disposal;

The modernization of industrial sites of the Kazan Combine RADON;
The decontamination of oil recovery equipment contaminated with natural radionuclides; radioactive waste disposal;
The rehabilitation of sites, industrial area and sanitary-protective zone of the
Chepetsky Mechanical Plant;
The resolution of the problems with handling radioactive waste at the Groznensky
Combine RADON;
The collection of spent radioactive irradiation sources for further conditioning and
disposal;
The rehabilitation of radioactively contaminated area around the Semipalatinsk
nuclear test-site;
The conservation and/or liquidation of radioactive beryllium concentrate;
The collection, conditioning and disposal of radioactive waste from the Trotsky Iodic
Plant;
Decommissioning of nuclear and radioactive objects; the liquidation and conservation
of radioactive waste storage facilities; the rehabilitation of sites and industrial areas;
sanitary-protection zone around the MCC and areas of the Yenisey River;
The conservation and liquidation of the Chemical Metallurgical Plant's workshop #10;
The creation of an industrial infrastructure and the complex dismantling of nuclear
power submarines and atomic maintenance ships, SNF removal, radioactive waste
conditioning; the rehabilitation of sites and coastal naval bases;
The conservation of ALMAZ tailings-ponds with radioactive waste and closed uranium mines;
The modernization of industrial infrastructure of the Kharabrosk Combine
RADON;
The creation of an industrial infrastructure; the complex dismantlement of nuclear
powered submarines and atomic maintenance ships, SNF removal, radioactive waste
conditioning; the rehabilitation of sites and the area of the Zvesdochka and Sevmash
plants (Severodvisnk);
The conservation of storage facility for radioactive waste Mironova Gora;
The conservation and liquidation of underground spaces which occurred as a result
of non-military nuclear blasts;
The decontamination of oil and natural gas recovery equipment contaminated with
natural nuclides; radioactive waste disposal;

Table 36 Russia's Acute Radiological Problems and the Cost for their Resolution. (the amounts are rounded to $1 million.;
the currency rate is $1 = 29 roubles).This report was prepared by Minatom's Decommissioning Authority in 2001.
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Region
15

16

17

18

19

20

21

22

(Cost Estimate)

Bryansk Region.
(350 million roubles,
or $12 million)
Volgograd Region
(63 million roubles,
or $2 million)
Ivanovskaya Region
(35 million roubles,
or $1 million)
Irkutsk Region
(187 million roubles,
or $6 million)
Kaluga Region
(3,800 million roubles,
or $131 million)
Kamchatsk Region
(8,2 million roubles,
or $285 million)
Kirovsk Region
(97 million roubles,
or $3 million)
Leningrad Region
(1,830 million roubles,
or $63 million)

23

Moscow Region
(893 million roubles,
or $31 million)

24

Murmansk Region
(48,300 million roubles,
or $1,665 million)

25

Nizhegorodskaya Region
(484 million roubles,
or $17 million)

26

Novosibirsk Region
(182 million roubles,
or $6 million)

Major Problems and Immediate Actions
Remediation actions after the accident at the Chernobyl NPP;

The modernization of the industrial infrastructure of Volgograd RADON Combine;

Remediation actions after the accident that occurred during a non-military blast at
Globus-1;
The decommissioning and dismantlement of diffusion equipment; the conservation
of sludge pits at the Angarsk Electrolysis Chemical Combine;
The modernization of the industrial infrastructure of the Irkutsk Combine RADON;
The decommissioning of nuclear and radioactive sites; the rehabilitation of sites and
areas; SNF removal; the conditioning and disposal radioactive waste from Obninsk
research organisations; (Physics Energy Institute, Institute of Mineral Resources
Institute, Karpov Physics and Chemical Institute);
The creation of an industrial infrastructure and the complex dismantlement of
nuclear power submarines and atomic maintenance ships; SNF removal; radioactive
waste conditioning; the rehabilitation of sites and coastal naval bases;
The rehabilitation of sites, industrial areas and sanitary-protection zone of the
Kirovo-Chepetsky Chemical Plant;
The decommissioning of stand nuclear units; the transportation of SNF from
research organisations for reprocessing;
The modernization and construction of the industrial infrastructure of the
Leningrad RADON Combine;
The rehabilitation of the sanitary-protective zone and the monitoring are of
the Machinery Construction Plant, Electrostal;
The rehabilitation of the territory of Experiment Plant Luch;
The decommissioning of nuclear units; SNF removal; the conservation of storage
facilities.
The creation of an industrial infrastructure; the complex dismantlement of nuclear
powered submarines and maintenance ships; SNF removal; radioactive waste conditioning; the rehabilitation of sites and coastal naval bases;
The decommissioning and complex dismantling of nuclear power submarines and
maintenance ships and atomic icebreakers, including the ship Lepse of the Murmansk
Shipping Company;
The reconstruction and construction of industrial infrastructure of Murmansk
Combine RADON;
The rehabilitation of test areas of the All Russia Research Institute of Experimental
Physics;
The liquidation of assembly workshop; the decommissioning of storage facility and
burial vault for radioactive waste from the Electric Mechanical Plant AVANGARD
(Sarov);
The modernization of the industrial infrastructure of the Nizhegorodksy Combine
RADON;
The modernization of industrial infrastructure of the Novosibirsk Combine RADON;
The conservation of tailings-ponds, the sanitary-protective zone and industrial site
of the Novosibirsky Combine of Chemical Concentrates;

Table 36 Russia's Acute Radiological Problems and the Cost for their Resolution. (the amounts are rounded to $1 million.;
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Region

(Cost Estimate)

27

Orenburg Region
(350 million roubles,
or $12 million)

28

Penza Region
(271 million roubles,
or $9 million)
Perm Region
(3,200 million roubles,
or $110 million)

29

30

31

32

33

34

35

36

Rostov Region
(36 million roubles,
or $1 million)
Samara Region
(41 million roubles,
or $1 million)
Saratov Region
(56 million roubles,
or $2 million)
Sverdlovsk Region
(253 million roubles,
or $9 million)
Tomsk Region
(10,230 million roubles,
or $353 million)
Ulyanovsk Region
(3,260 million roubles,
or $112 million)
Cheliabinsk Region
(24,500 million roubles,
or $845 million)

37

Chitinskaya Region
(220 million roubles,
or $8 million)

38

Khanty-Mansi
Autonomous Area
(150 million roubles,
or $5 million)

Major Problems and Immediate Actions
The conservation and liquidation of underground spaces which were created as a
result of non-military nuclear blasts;
Decontamination of the gas-recovery equipment contaminated with natural radionuclides; radioactive waste disposal;
The decommissioning of the assembly workshop, warehouse premises and the
storage facility for radioactive waste of the Start Plant (Zarechny);
The liquidation of wells, the rehabilitation of the area around Osinsky and Gezhsky
oil deposits, where non-military blasts are performed; the performance of actions
enhancing radiation safety at the site Taiga which was created as a result of a
subsurface nuclear blast;
The decontamination of oil and gas recovery sites contaminated with natural radionuclides; radioactive waste disposal;
The modernization of industrial infrastructure of Rostov Combine RADON;

The modernization of industrial infrastructure of Sarama Combine RADON;

The modernization of industrial infrastructure of Saratov Combine RADON;

The modernization of industrial infrastructure of Sverdlovsk Combine RADON;
The decommissioning of storage facilities for nuclear materials and radioactive
waste from the ElectroChimPribor Combine (Lesnoy);
The conservation and liquidation of the storage facility for monazite concentrate;
The decommissioning of nuclear and radioactive sites; the liquidation and conservation of storage facilities for radioactive waste; the rehabilitation of the industrial
area of the SCC and the contaminated areas of the Tom River;
The decommissioning of research nuclear units; SNF transportation for reprocessing;
the reprocessing and storage of radioactive waste from the Research Institute of
Nuclear Reactors (Dimitrovgrad);
The decommissioning of nuclear and radioactive sites; the liquidation and conservation of storage facilities for radioactive waste; the conservation of open waterways
which were used for the release of liquid radioactive waste; the rehabilitation of the
industrial area and sanitary-protective zone of the Mayak Combine;
Remedial actions after radiation accidents at the Mayak Combine;
The rehabilitation of contaminated areas and sites of the All-Russia Research
Institute of Technical Physics;
The decommissioning of storage facilities for radioactive waste of Instrument Plant
(Trekhgorny);
The modernization of the industrial infrastructure of the Chelyabinsk Combine
RADON;
The rehabilitation of areas surrounding uranium mines; hydrometallurgical plant and
the Priargunsk Mining Chemical Combine stock company;
The rehabilitationof the area around the Novotroitsky mine group and the
Orlovsky uranium deposit;
The rehabilitation of the area and the conservation of wells at sites where non-military blasts are performed;
The decomtamination of oil and gas recovery equipment contaminated with natural
radionuclides; radioactive waste disposal;
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Region
39

40

(Cost Estimate)

Major Problems and Immediate Actions

St. Petersburg
(830 million roubles,
or $29 million)
Moscow
(6,240 million roubles,
or $215 million)

The rehabilitation of sites and surrounding areas of research centers;

Total:

168.4 billion roubles ($5.8 billion)

The rehabilitation of the area; the decontamination of buildings and equipment; the
conservation and liquidation of storage facilities for SNF and radioactive waste; the
decommissioning and dismantling of nuclear reactors and critical stand units at the
Kurchatov Institute;
The decontamination of buildings and equipment; the decommissioning and
dismantling of nuclear reactors and critical stand units at Moscow Engineering
Institute, Moscow Energy Institute, Moscow Higher Technical School, Institute of
Theoretical and Experimental Physics;
The decontamination of buildings and equipment at All-Russia Research Institute of
Non-Organic Materials, All-Russia Research Institute of Chemical Technologies,
Institute of Biophysics;
The liquidation of major sources for radioactive contamination at the Moscow
Polymetal Plant;
The construction of the industrial infrastructure of Moscow Combine RADON.

Table 36 Russia's Acute Radiological Problems and the Cost for their Resolution. (the amounts are rounded to $1 million.;
the currency rate is $1 = 29 roubles).This report was prepared by Minatom's Decommissioning Authority in 2001.
sible to finance new military nuclear programmes from
the state budget infull. The Russian Ministry of Defence
faces the task of keeping those vestiges of the strategic
nuclear forces that still exist in Russia in battle-ready
condition.
•
Precisely for this reason, the question remains as to where
the funding will come from to support the nuclear
industry and remove traces of its existence after 2013,
the scheduled expiration date of the HEU-LEU agreement (the sale of 500 tonnes of down-blended, or lowenriched uranium from highly-enriched, or weapons-grade
uranium from Soviet reserves to the United States -- see
section 4.2 for complete information on this agreement,
called the “Megatons to Megawatts” programme).There
is no point in relying on foreign sponsors and grants to
prolong the life of Russia's nuclear industry, as investment
from these sources is not or large enough or long enough
term for the industry to survive on in the long run.
4.1.2. Minatom's Budget
Income
Sources of income in Minatom's budget include (or should
logically include) the following:
• Sale of excess weapons-grade uranium to the United
States (the Megatons to Megawatts, or HEU-LEU
programme);
• International aid to Russia's nuclear industry for
improving the physical security of site and nuclear
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•
•
•
•

materials; for nuclear and radiation safety; for
implementation of international agreements on
destruction of nuclear weapons (construction of
the Fissile Materials Storage Facility at Mayak,
decommissioning of submarines, etc.);
Economic activity (sale of fresh nuclear fuel and isotopes, imports of SNF for storage and reprocessing);
Sale of electric power from NPPs (roughly 145 billion
KWh were produced in 2003);
Construction of nuclear power plants abroad (China,
India, Iran);
Russian state budgetary funding;
Federal target programmes.

Expenditures
Expenditures from Minatom's budget include (or should
logically include) the following:
• Surveying, extraction, enrichment and production of
uranium fuel;
• Transport, storage, reprocessing, use, long-term control
over and physical security of SNF;
• Transport, storage, reprocessing, use, long-term control
over and physical security of weapons-grade nuclear
materials;
• Treatment of nuclear waste, long-term control and
physical security;
• Decommissioning of nuclear and radioactively-dangerous sites (including NPPs), rehabilitation and
reclamation of radioactively-contaminated territories;
• Compensation to victims of nuclear accidents and

inhabitants of radioactively-Contaminated areas;
• Operational costs of NPPs;
• Investment in the construction of new NPPs.
Minatom's Share of the Federal Budget268
The federal budget for 2004 allocated 19,720,095,900
roubles (about $636 million at 31 roubles to the dollar
at the average 2004 exchange rate) to Minatom.
Most of this (more than 70 percent) -- approximately
14,060,000,000 roubles (about $454 million at 31 roubles
to the dollar) -- comes from the Minatom Fund, formed
from the sale of excess reserves of weapons-grade uranium to the United States under the HEU-LEU269 agreement. Another 5, 650, 000,000 (or $182 million) was
allocated in 2004 directly from the federal budget.
For the purposes of comparison, the 2003 budget allocated 17,636,300,000 roubles (about $590 million at 30
roubles to the dollar at the average 2003 exhange rate),
80 percent, or 14,066,300,000 (about $470 million), of
which came from the Minatom Fund.The additional 360,
000,000,000 (or $120 million), came from the federal
budget and other sources.270
So, budget funds come from two basic sources: The
Minatom Fund and directly from the federal budget
(including approximations).Table 3 below show a breakdown of these expenditures.
The Minatom Fund: Megatons to Megawatts
• 14,060,000,000 roubles ($470 million) from the
Minatom Fund, drawn from funding received under
the HEU-LEU agreement (that is, funds received from
the sale of military production such as uranium
reserves that are national property).The breakdown
of where these funds are spent, by approximate
percentages, is shown in Table 37.

get, and are partially earned on the market. The figure
named by Nuclear Power Minister Alexander Rumyantsev
for Minatom's export production of $2.6 billion -- not to
be confused with profits, which made up some 25 percent
of that figure, or roughly $650 million -- is made up of
the combined production turnover of all of the former
Minatom's commercial structures.

Table 37 Expenditures from
the Minatom fund.

It should be borne in mind that budget financing makes
up less than 25 percent of the funds that Minatom's
administration has at its disposal: This is obvious from a
comparison of Minatom's official budget of $600 million
-- as opposed to an actual $590 million figure for 2003
and its production exports of $2.6 billion.There are also
reasons to believe that the real turnover is twice as
much as the figure for exports, as will be shown below.
All of Minatom's activities, financed from different sources, can be broken down into four basic areas:

Table 38 Budget Financing of
Minatom from the Federal Budget
Allocations.

The Russian Federal Budget
• 5,650,000,000 roubles ($190 million) is funded directly
from the federal budget (that is, from taxpayers'
money) as shown in Table 38.
Assessment and Analysis of Minatom's
Real Finances
We have been unable to find official data on the real
finances, so this section will attempt to explore and systematise the real financial means administered by Minatom
and its affiliated structures.
Besides funding from the federal budget, all of the enterprises listed below have funds obtained through commercial activity.These funds come partially from the bud268 All budget figures are prodived in the "Zakon o Federalnom Budzhete RF, 2004."
269 O federalnom budzhete na 2004, Federal Law of the Russian Federation.
270 Rumyantsev, A., "Itogi i perspektivy," Address to the collegium of Minatom,
Rosenergoatom, No.4, Moscow, 2003.
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• Production for export (HEU-LEU; fresh nuclear fuel;
isotopes; enrichment of imported uranium; import,
storage and reprocessing of imported SNF; electricity
production for export; supply of equipment to
Russian nuclear reactors being built abroad; etc.);
• Production for internal consumption (electric power;
isotopes; fresh nuclear fuel; storage and reprocessing
of SNF; etc.);
• Production for military purposes (ongoing servicing of
nuclear weapons; production of new nuclear weapons;
recycling of outdated nuclear weapons and radiationdangerous components of delivery systems for nuclear
weapons; and remediation of radioactivelycontaminated territory;
• Basic science, SR&ED, and subsidies for Closed
Administrative Territorial Formations, or more simply,
Minatom's closed cities, which are off-limits to unauthorised personnel.
Minatom controls all finances related to the above-listed
activities, as well as finances related to the needs of the
nuclear-fuel cycle, to the work of NPPs, to weapons
recycling (primarily nuclear submarines and the dismantling
of nuclear warheads), to working sectors of the militaryindustrial complex, and to basic science and R&D in the
nuclear industry. These areas of activity are run by the
respective departments of Minatom, and operations are
implemented through enterprises of various forms:
• Federal State Unitary Enterprises and State Unitary
Enterprises (for example, the Rosenergoatom
company for the nuclear generation of electricity);
• Tekhsnabeksport and TVEL Joint-Stock Companies
(for production and sales of fresh nuclear fuel);
• Private companies (The company Silovye Mashiny for
construction of nuclear power plants abroad, formerly known as Zarubezhatomenergostroi and owned
by Kakha Bendukize271).
An example of the use of budget funds is Minatom's
work in building nuclear power plants abroad, when it
acts as a state contractor. To carry out the work and
handle the allocated finances, Minatom hires a private
company, such as Silovye Mashiny. In the federal budget,
financing for the work comes under "Compensation for
Expenditure on the Russian Federation's International
Obligations," which comprises more than 40 percent of
funds in the Minatom Fund and 30 percent of all
Minatom's state budget funding. How this investment is
returned as 2 billion roubles ($200 million) annually, plus
interest on credit is an open and murky question.
We will establish possible sources of income for
Minatom's floating currency assets from its known areas
271 Kakha Bendukidze, a well-known financier in Russia, formerly headed
Atomstroipoekt, Minatom's forriegn reactor construction and modernization wing.
He left Atomstroiproekt to become the Minister of Economics in the former
Soviet republic of Georgia. Souce: Ekho Mosky Radio, June 6, 2004.
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of activity in 2002. (It should be borne in mind that some
data presented is approximate.):
• 22.8 billion roubles ($760 million) in sales from TVEL,
of which 6.4 billion roubles ($210 million) went in
taxation, and 4.5 billion roubles ($150 million), or 20
percent of sales), was pure profit-deliveries of fuel rods
for Soviet-built reactors in Eastern Europe and Finland
amount to $200 million per year and most fresh
nuclear fuel is produced from warehouse reserves of
Soviet uranium that remain in Russia.The volume of
these warehouse reserves is unpublished.The prosperity of Russian producers of fresh nuclear fuel is
based on uranium reserves that belong to the nation.
Thanks to the warehouse reserves, the manufacturing
costs of fresh nuclear fuel produced in Russia is one
third of the cost price of mined uranium; the average
world price for fresh nuclear fuel is $800 dollars per
kilogram (at an average global price for mined uranium
ore of about $40 per kilogram of 0.7 percent uranium
ore);
• $470 million from sales of weapons-grade uranium by
Tenex, Russia's nuclear fuel exporter, to the United
States under the HEU-LEU programme;
• $200 million in financing from the federal budget
(through the Minatom Fund with the involvement of
Silovye Mashiny) in the form of long-term credit for
the construction of nuclear power plants abroad;
registered as credit given by Russia to China
and India for the construction in those countries of
nuclear installations; the agreement envisages that the
money will not leave Russia, but will be used inside
the country for construction of equipment for foreign
reactors; after this, the credit crosses Russia's borders
in the form of production and the equipment is
assembled on foreign territory; the credit is partially
redeemed in the form of consumer goods, but most
of it is long-term and will be returned to Russia from
funds received as payment for electricity generated.
From the point of view of the economics of this
project in general and of the credit there are a
whole series of questions: On what conditions is the
debt to be paid off? What percentage of interest do
the credits it carry? How long do the NPPs being
built take to pay for themselves? The list continues.
• $100 million is the rough annual cost of work on
equipping the Bushehr NPP in Iran, which the Iranians
are paying for in cash;
• $200-300 million is the rough cost of exported
radioactive isotopes;
• $100 million is the rough cost of storage and
processing of SNF from foreign nuclear reactors;
• $100 million is the rough cost of electrical power

exported to Georgia and Belarus (4 percent of total
production, at $0.02 per KWh);
• $300 million in foreign aid for weapons and nuclear
submarine dismantlement, construction of the Mayak
Fissile Materials Storage Facility, and upgrade of nuclear
and radiation safety within the nuclear industry.
Total: $2.3 billion.
The total from the above list of Minatom's annual turnover of floating assets produces a figure not far off
Rumyantsev's of $2.6 billion.
The civilian sector of the nuclear industry includes the
following areas of activity and financial flows:
• 47 billion roubles ($1.6 billion) from sales of electrical
power produced at NPPs (not including electrical
energy sold abroad);
• $35 million is the rough cost of produced radioactive
isotopes sold in Russia;
• $50 million in storage and processing of SNF from
civilian nuclear sites;
• All income from the above-indicated sale of fresh
nuclear fuel comes under sales of TVEL;
• Hidden subsidies and underpayment of partner services by the nuclear industry are extremely difficult to
define, but total at least $500 million (see Section 5.4);
Total: $2.2 billion.
Virtually all figures are secret in the military-industrial
complex's nuclear sector. We do not know the level of
the Defence Ministry's budget expenditure which goes
on maintaining Russia's nuclear forces at the necessary
level of preparedness (preventive measures and replacing
components, production under defence orders of new
nuclear materials to replace those being removed from
duty, production of fresh nuclear fuel for weapons reactors, etc.). Judging by the constant complaints of underfinancing from the military-industrial complex, this spending is probably not very substantial. In this area we
know only two sums:
• 4.2 billion roubles ($140 million) from Minatom's
federal budget allocations for "Decommissioning and
Liquidation of Weapons, Including Implementation of
International Agreements;"
• 1.2 billion roubles ($35 million) from Minatom's
federal budget allocations (from Minatom Fund funds
received from the United States under the HEU-LEU
programme) for the sub-programme "Reforming
Nuclear Industry Enterprises (the Nuclear Weapons
Complex)."
Total: $175 million.

Listed below, very roughly, are expenditures on basic science, and the support of closed cities.
• $14 million spending from federal budget allocations
on basic research and assistance for the scientific and
technical revolution ;
• $75 million spending from federal budget allocations
(from the Minatom Fund funds received from the
United States under the HEU-LEU programme) on
measures to upgrade the nuclear, radiation and ecological safety and support of basic and applied science;
• $100 million spending from federal budget allocations
on support of closed cities tax breaks are abused
to such an extent that in 1999 budgetary losses in the
Chelyabinsk Region alone, which includes four closed
cities projects, amounted to over $1.1 billion).272
Total: $190 million.
In total, the finances of Minatom and its affiliated bodies
can be estimated at $4.9 billion, which is very close to
expert assessments of the volume of Minatom's economy at $5.5 billion (comparable to the volume of the
entire forestry industry). Most funds come from the
federal budget, from sales of the former Soviet Union's
nuclear materials (that is, from taxpayers' funds, and by
selling property belonging to the nation) and in the form
of international aid.273 These areas of Minatom's activity
will be detailed later.

4.2. Minatom's Income from
International Activities
4.2.1.The HEU-LEU Programme and Other
Examples of Minatom's Sales of Russian
'Weapons-Grade' Nuclear Material
During the course of the nuclear-arms race (1948-1988),
the Soviet Union produced a large quantity of fissionable
material, both plutonium and HEU.The precise quantity
of material produced is unknown, since neither the
Soviet Union nor Russia has ever produced official information about this. According to some calculations, Russia
has a stockpile of 1,350-1,400 tons of HEU and plutonium
(weapons-grade and reactor-grade). Roughly half of the
stockpiled material is located in military weapons (nuclear
warheads), while the other half is located outside nuclear
weapons and is stored in more-or-less suitable places.274
Because the US government has an interest in reducing
the threat from the Soviet nuclear legacy, experts began
to search for possibilities for using weapons-grade nuclear
materials for non-military purposes. As a result, on
February 18, 1993, the Russian and American govern272 V.I. Larin, "Kombinat Mayak-Problema Veka," KMK Publishers, Moscow, 2001.
273 Personal conversations with Minatom personnel, 2000-2001/
274 Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth edition, Carnegie Endowment
for International Peace, Moscow office, December, 2002.
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Containers used to transport
low enriched uranium from
Russia to US under the
HEU-LEU agreement. Photo:
www.usec.com
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ments signed an agreement on the use of HEU extracted
from Russian nuclear weapons. In accordance with this
agreement, over 20 years 500 tonnes of HEU will be
processed to turn it into low enriched uranium (LEU)
and sold to the United States as fuel for NPPs, at a cost
of $780 per kilogram of LEU (for complete information
on the HEU-LEU programme, see chapter 2.275

had emigrated from Russia, and his Russian patrons.The
plan never took place however, and Adamov named no
names, but the scale for potential corruption is impressive.

HEU is turned into LEU, producing 30 kilograms of LEU
from 1 kilogram of HEU (that is, 3 percent LEU suitable for
use as NPP fuel is produced from 93 percent of HEU).
With the cost of LEU known, and the delivery quantity
and dilution percentage of HEU easy to define, the cost of
the deal should be $11.7 billion. Of this, approximately
$8 billion goes into converting HEU into LEU, while
roughly $4 billion makes up the "natural component". In
an interview with the Russian nuclear industry web site
Nuclear.Ru in April 2003, former Nuclear Power Minister
Yevgeny Adamov said that $1 billion of this total was to go
to intermediaries, in the person of an American citizen who

Expert opinion holds that the quantity of Russian HEU
going for export to the United States constitutes less
than half of all reserves stockpiled in the USSR. At the
same time, according to both sides of the agreement,
this quantity will reduce the possibility that Russian weapons-grade material could be stolen, and hasten the
destruction of Russian nuclear weapons. It was originally
planned as a result of the deal that Russia would receive
about $12 billion for the nuclear material itself, as well as
for down-blending HEU into LEU. In June 2002, the
Russian and American governments added new clauses
to the deal, which came into effect in January 2003 and
as a result of the clause, the cost of LEU delivered to the
United States was brought into line with the market,
meaning that the expected returns for Russia would be
reduced.276

275 Mikhailov,V. Desyat let v borbe za vyshyvaniye, Nuclear Energy Bulletin,
January, 2002.

276 Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth edition, Carnegie Endowment
for International Peace, Moscow office, December, 2002.

The agreement is implemented by executive agencies
nominated by the governments of both countries. The
American agency is USEC, while the Russian agency is
Minatom's commercial fuel export affiliate Tenex. In
January 1994, USEC and Tenex reached agreement on
deliveries of LEU equivalent to 10 tonnes of HEU annually for the first five years and 30 tonnes of HEU annually for the following 15 years.277
The programme experienced a number of difficulties,
including disputes between the agencies over the form and
allocation of payment. The question of how to pay the
natural component of the delivered uranium remained
unsolved for a long time. In fact, most of the cost of the
exported LEU comes from the process of uranium
enrichment and its subsequent processing into LEU, and
not from the cost of the uranium itself (in this way, all of
the USSR's spending on prospecting, developing, mining
and enriching raw uranium, as well as subsequent production of HEU, remained unpaid).
In January 1994, USEC declared that it was ready to make
immediate payment only for the uranium processing,
while payment of the natural component would be
deferred. At the start of 1995, Minatom demanded payment of the natural component on the then-current
basis, that is, on delivery of the LEU. In June 1995, the
agencies reached an agreement whereby USEC guaranteed a full one-off payment for the natural uranium and
enrichment services.278
Data on deliveries of LEU vary in different sources.This
report is largely guided by the information set forth in
the "Nuclear Report."279
In 1995, the first 180 tonnes of LEU (obtained from processing 6 tonnes of HEU) were delivered to the Unites
States. In 1996, the second delivery of 360 tonnes of LEU
(obtained from 12 tonnes of HEU) was made. Since 1997,
the US has paid 63 percent in cash and 37 percent by
bartering natural uranium.280
In August 1998, Russia again halted deliveries as a result
of a spat over the natural component of the exported
uranium. About the same time, 350 tonnes of LEU (equivalent to 11.6 tonnes of HEU) was sent to the US in
place of the 723 tonnes (equivalent to 24 tonnes of HEU)
stipulated by the contract. During meetings between
Presidents Bill Clinton and Boris Yeltsin, the Russians
obtained promises that the U.S. would find a way to
solve this problem. Subsequently, on September 20,
1998, the American secretary of energy and the Russian
energy minister signed an agreement at the International
277 Ibid.
278 Ibid.
279 Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth edition, Carnegie Endowment
for International Peace, Moscow office, December, 2002.
280 Mikhailov, Desat let v borbe za vyzhyvaniye, Nuclear Energy Bulletin, January
2002.
281 Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth edition, Carnegie
Endowment for International Peace, Moscow office, December, 2002.

Atomic Energy Agency, or IAEA, conference in Vienna,
according to which the United States promised Russia
the following in exchange for renewed deliveries of LEU:
• To set aside USEC's sales of uranium received from
the Russian energy ministry for the period of the
agreement;
• To carry out checks of USEC's uranium sales;
• To make an advance payment to Russia for future
deliveries;
• To pay Russia $325 million for uranium deliveries in
1997 and 1998.
As a result of the agreement, Russia resumed deliveries
of uranium in March 1999. As of July 2000, regardless of
a number of problems in implementing the agreement,
Russia had exported 2,484 tonnes of LEU (equivalent to
84 tonnes of HEU) from 3,360 nuclear weapons, and
had received just under $1.5 billion for it.281 Thus, the monetary cost of 1 kilogram of LEU is not $780, as indicated
by former Minatom head Viktor Mikhailov, but only $600.
As of December 31, 2003, 202 tonnes of HEU had been
turned into 5,993 tonnes of LEU, which is the equivalent
of 5,993 nuclear warheads.282
The Problem of Plutonium Recycling
During the course of the Cold War the United States
produced roughly 111 tonnes of weapons-grade plutonium. The Soviet Union did not declare how much it
produced, but experts estimate that it could be as much
as 140 tonnes. In March 1995, US President Bill Clinton
declared that the United States had 50 tonnes of excess
reserves of weapons-grade plutonium. In 1997, Russian
President Boris Yeltsin took a reciprocal step, declaring
that Russia also had 50 tonnes of excess reserve plutonium extracted from nuclear weapons during the process of disarmament.283 The combined 100 tonnes is
enough to create tens of thousands of nuclear weapons.
Thus, the declared excess reserve plutonium constitutes
about 40 percent of the amount that was actually produced.284
The objective of plutonium decommissioning is to make
it as difficult to apply in nuclear-weapons production as is
SNF from energy-producing reactors.To do this, the plutonium has to be turned into a form that meets the
standard of spent nuclear fuel, although this standard does
not make it completely impossible to apply the plutonium
in nuclear-weapons production. However, it does make
the plutonium less dangerous than the plutonium pro282 United States Enrichment Corporation web site, www.usec.com.
283 Note that these are declares excess amounts of weapons-grade plutonium for
each country, not total stock piles.The United States has declared it has 110 tonnes
of weapons-grade plutonium, while Russia has never officially declared how
much weapons-grade plutonium it possesses. Estimates, however, indicate
Moscow possess some 120 to 150 tonnes of weapons-grade plutonium.
See Chapter 3's section entitled "Russian-US Bilateral Plutonium Disposition" for
full details.
284 Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth edition, Carnegie Endowment
for International Peace, Moscow office, December, 2002.
285 Ibid.
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duced in NPPs as a side product of burning nuclear fuel.285
Compared with HEU, plutonium is significantly more difficult to turn into its non-weapons-grade form. At present, there are two methods in the U.S. and Russia for
turning excess plutonium into SNF-standard waste:
• Exposure of plutonium in the form of mixed oxide
fuel (MOX fuel) in energy-producing reactors;
• Immobilization of plutonium together with highly active
nuclear waste, in vitrified or ceramic form.
The United States declared its intention of immobilizing
17.5 tonnes of plutonium and use 32.5 tonnes of plutonium as MOX fuel. Russia declared its intention to turn
practically all of its excess plutonium into MOX fuel.
According to the Russian declaration, only 1 tonne of
plutonium will be immobilized, due to its unsuitability for
use as MOX fuel.286
After long negotiations, Russia and the United States
agreed to decommission 34 tonnes of plutonium each.
The original aim of decommissioning 50 tonnes was
scrapped after Russia confirmed that 16 tonnes of plutonium declared by the United States to be excess weapons-grade reserves were in fact not that and could not
be used to produce nuclear weapons without additional
processing.287
In 2000, Russia and the United States signed a bilateral
agreement on the dispositon of 34 tonnes of excess
weapons-grade plutonium each. The agreement stipulates that both sides must aim to have industrial establishments begin work on plutonium decommissioning no
later than December 2007 and dispose of 2 tonnes of
plutonium per year; this process should proceed in parallel progress on both sides.The amount of plutonium that
can be disposed of annually is limited by the number of
Russian reactors that are potentially capable of using
MOX fuel. Russia has expressed readiness to certify
seven existing VVER-1000 reactors to use MOX fuel and
to convert one BN-600 reactor with the aim of using
plutonium fuel in it (Table 39).
NPP

Reactor Type

Balakovskaya NPP
4 VVER-1000
Kaliniskaya NPP
2 VVER-1000
Novovoronezhskaya NPP 1 VVER-1000
Beloyarskaya NPP
1 BN-600.

Table 39 Russia's Reactors Capable of Plutonium
Disposition in the form of MOX Fuel
Source:Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth
edition, Carnegie Endowment for International Peace,
Moscow office, December, 2002
286 Ibid.
287 Ibid.
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In addition, Russia is looking at the possibility of using
reactors in Ukraine for this purpose.288
The US has implemented a 10-year plutonium-disposition
programme and earmarked $4 billion for the production
of the mixed uranium and plutonium oxide fuel called
MOX.The situation regarding financing of plutonium disposition in Russia is not clear because Russia does not
have the funds to implement the agreement-all hopes
were pinned on international aid, but no party has yet
been found to provide sufficient amounts of this aid.
Therefore, Russia continues to accumulate plutonium
extracted from nuclear weapons at the rate of 2000
kilograms per per year.289 The US has agreed to allocate
$200 million to help Russian efforts in the field of plutonium recycling, and this funding came from the budget
for 2001. Following the Group of Eight industrialised
nations summit in Kananaskis, Canada, some $600,000
more came from international donors as a result of
international lobbying by the US Department of State.
At the same time, an analysis of the impending costs put
the cost of the necessary measures (including construction and operation of the necessary enterprises) on the
Russian side at $1.7 billion.
In addition, according to Minatom, the plutonium-recycling programme financed by foreign sponsorship is a
part of efforts by the Russian nuclear industry to achieve a closed nuclear cycle, against which foreign donors
have a number of objections.
Minatom took a preliminary decision to create a MOX
fuel fabrication facility at the Siberian Chemical Combine
to produce MOX fuel as part of the weapons-grade-plutonium disposition programme. These plans will be
implemented using financing from the international
community to the tune of about $2 billion. Supposedly,
about $400 million of this will go to the SCC to produce
weapons-grade plutonium MOX fuel. For the SCC this
means not only that production will continue, but also
guarantees 1,500 jobs.290
Plutonium Storage and Highly Enriched Uranium
as Different Forms of Commercial Activity
While the plans for plutonium disposition have been being
discussed, the problem of plutonium storage has become
extremely pressing for Russia. How these reserves are
being stored at present is not known, but in 1992, a
joint-and still ongoing-Russian-American project began
as part of the Cooperative Threat Reduction, or CTR,
programme to create a fissionable-materials repository
in Russia to store plutonium and uranium extracted
from decommissioned nuclear weapons. Implementation
288 Ibid.
289 Nuclear Energy Bulletin, "Dazhe esli pogasnet solnze," Interview with Minister
of Atomic Energy Alexander Rumyantsev, September, 2002.
290 Nuclear.Ru, "SCC Regeneration: Interview with SCC Director Vladimir Shidlovsky,"
August 15, 2003.

of the project began after former Nuclear Power Minister
Mikhailov informed his American colleagues that a shortage of storage options for weapons-grade materials
could limit Russia's ability to destroy nuclear weapons in
accordance with the agreement on weapons reduction.291
It was originally planned to build two depositories at the
Siberian Chemical Combine, each with a capacity of
25,000 containers, with a total capacity of 66 tons of
nuclear materials. Russia and the US reached agreement
on equal financing for construction of the site. In 1994, the
project was moved from the SCC to the Mayak
Chemical Combine because of financial problems on the
Russian side and due to other considerations. Most likely this was a way of rendering financial assistance to
Mayak in crisis conditions for the nuclear industry.

-- which experts put down to political reasons.292

At present, the construction is being financed for the
first stage a depository for 25,000 AT-400R containers
capable of holding 50 tonnes of plutonium and uranium.
The first stage of the Fissile Materials Storage Facility was
supposed to come online in 2002. At the start of 2004,
the facility was still not operational -- though a ribboncutting for its opening had been held in December, 2003

At the same time, there is information that the real cost
of the Fissile Materials Storage Facility to American taxpayers is $1.4 billion. It is possible that not all these funds
went to Minatom: A substantial amount remained in the
United States to pay for services, materials and components. However, experts reckon that at least $200 million was spent in Russia.

291 Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth edition, Carnegie Endowment
for International Peace, Moscow office, December, 2002.

292 Ibid.
293 Ibid.

In January 1999, Russian and US representatives decided
once and for all that the cost of construction of the first
phase of the Fissile Materials Storage Facility should not
exceed $412.6 million. Preliminary discussions were also
held on the construction of the second phase of the
facility, with a capacity of 25,000 containers -- if the
necessary transparency measures could be agreed upon.
The cost of the second phase was put at $229 million.
Meanwhile, according to the annual breakdown of the
plans to finance the Fissile Materials Storage Facility at
Mayak, the cost for 2001 was more than $773 million.293
(see chapter3, Section Mayak Fissile Materials Storage
Facility).

Type TK-VG-18 railroad
wagons for transportation of
spent nuclear fuel in Russia.
Photo: Nils Bøhmer/Bellona
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4.2.2. Minatom's Nuclear-Fuel Cycle: Exports
of Fresh Nuclear Fuel and Other 'Nuclear'
Products; SNF Imports
Exports of Fresh Nuclear Fuel and Radioactive
Isotopes
Because the nuclear-fuel cycle was the basis of the
defence industry in the former Soviet Union and, as a
result developed significantly, it is entirely logical from the
point of view of the nuclear industry to continue production of fresh nuclear fuel in contemporary conditions,
irradiate it in the industry's own reactors or lease it to
other countries, and then produce isotope products by
reprocessing both the industry's own and imported
SNF and sell them abroad. This sort of export-import
scheme was the basis for Minatom's prosperity until not
long ago. In 1997, Minatom received $2 billion dollars from
exports (including the HEU-LEU programme).294 In 2002,
Minatom's exports totalled $2.6 billion dollars, a 5.3 percent increase on the 2001 level.295
According to the head of Minatom's information and
government-relations administration, Nikolai Shingaryov,
deliveries of fuel assemblies (FAs) from Soviet-built reactors in Eastern Europe and Finland total $200 million
annually.296 If measured not in terms of production costs
but in terms of profits from these deliveries, then the
share of FAs in Minatom's balance sheets is less than 8
percent. This share is not substantial in absolute terms,
but it does provide some financial stability to enterprises
in this sphere.
As a result, there has been a rapid stratification of nuclear
fuel cycle enterprises into the rich (making products for
export) and the poor (working on reduced and poorly
financed defence orders or waiting for contracts to
reprocess imported SNF).
The first category includes the Novosibirsk Chemical
Concentrates Facility (NCCF), which produces fuel
assemblies for export using fresh nuclear fuel; and the
SCC, which mainly focuses on the diffusion separation of
radioactive isotopes. The second category includes
Mayak and the Mining and Chemical Combine (MCC) at
Zheleznogorsk, which specialize in the storage and eventual reprocessing of SNF and have underdeveloped
export-production possibilities. Experts say that the
storage and reprocessing of imported SNF was undertaken precisely to support the financial stability of these
very poor enterprises.
Five enterprises are currently working in the sphere of isotope separation and production of isotope products:
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• The Urals Electrochemical Intergrated Plant (in
Novouralsk of the Sverdlovsk Region), which is home
to 50 percent of Russia's separation capacity;
• The Electro Chemical Plant Combine (Zelenogorsk,
Krasnoyarsk Region);
• The Siberian Chemical Plant Combine (SCC,Tomsk
Region);
• The Angarsk Eloctrolysis Chemical Combine
(Angarsk Region)
• Mayak Chemical Combine.
The first two enterprises concentrate almost entirely on
isotope separation and are therefore economically efficient, whereas the last two are more diversified and
include some obviously unprofitable processes.
As a whole, production trends in the sphere of isotope
production are such that in a competitive struggle these
four main enterprises could destroy each other.
Therefore, possibilities are now being examined to create a unified corporation to run export activity.297
The Novosibirsk Chemical Concentrates Plant (NCCP)
is one of Russia's main producers of Fuel Assemblies,
and fresh nuclear fuel comprises 70 percent of its production. Its industrial complex assembles fuel rods and
FA's for the reactor cores of energy-producing reactors.298 In 2002 the Facility's production reaped 4,144 million roubles (an increase of 26 percent on 2001) in sales,
producing 1,322 FAs (against 1,126 in 2001). As a result,
the NCCF turned a profit from production of nuclear
fuel for VVER-type reactors of 1.4 billion roubles.299
This growth was achieved due to increased deliveries to
the Kozlodui NPP in Bulgaria and the production of a
complete set of FAs for the start-up of the Bushehr NPP
in Iran. In 2003, the forecast is to produce 1,677 FAs; the
enterprise expects to increase its production and income
from growth in production of FA imitators, increased
orders for nuclear fuel from Ukrainian NPPs, and an
order for a complete set of FAs for the first reactor feed
at the Tianwan NPP in China.300
As well as producing fuel for NPPs, the NCCP is increasing its production of uranium oxide pellets to an anticipated 300 tonnes, allowing the enterprise to significantly reduce its dependence on imports from Kazakhstan.
Also ongoing is production of FAs for re-search reactors. It is planned to increase production of lithium and
lithium compounds, with sales of highly concentrated lithium hydroxide expected to almost double. R&D on
techniques for producing metallic lithium and its compounds is in its final stage. In addition, the NCCP plans to
297 Shidlovsky,V. "Regeneratsiya SKhK,(Interview with SCC Director Vladimir
Shidlovsky)," Nuclear.Ru, August 15, 2003.
298 Nikulkov,V., "Bolshoi Skachok NZKhK," Sibir Expert magazine, No. 6,
www.expert-sibir.ru, August 25, 2003.
299 Karnovsky,Yu., "Yaderniye tekhnologii prodavat vygodno!" Vecherny Novosibirsk,
May 8, 2003
300 Ibid.

take over production of FAs for pressurised water reactors, or PWRs, abroad. Implementing this plan will mean
that the reactor will gain a place in the market for deliveries of fuel to foreign NPPs. However, realisation of all
of these plans requires drastic modernisation of production on which all of the enterprise's profits-more than 1.4
billion roubles-will have to be spent in 2003.301 So the
enterprise is still some way from making a real profit.
The NCCP is part of the TVEL corporation, which produces 17 percent of world production of fuel for NPPs
and is ranked third in the world in this category. Its competition in this category comes from Britain's BNFL,
France's Cogema, Germany's Siemens, Sweden's ABB
and the US company Westinghouse. It is impossible to
compete in this very competitive market without
significant investment, so TVEL is helping to modernise
the NCCF and bring its production up to international
standards.302
Today TVEL sees the development of the raw uranium
base in Russia as its main task, since as soon as its foreign
competition senses that the country's raw materials are
drying up world prices for uranium will immediately
shoot up.303
301 Ibid.
302 Nikulkov,V., "Bolshoi Skachok NZKhK," Sibir Expert magazine, No. 6,
www.expert-sibir.ru, August 25, 2003.
303 Ibid.

Info on TVEL:The TVEL joint-stock company was founded
in 1996 by consolidating the shares of the Russian nuclearfuel-cycle community, which was federal property, in its
start-up capital. The Russian Ministry of Property holds
100% of shares in TVEL.TVEL comprises 11 enterprises
specialising in extraction of natural uranium, component
production, and production and delivery of fresh nuclear
fuel for Russian and foreign energy-producing, research
and mobile reactors.

Production of Uranium Dioxide
at the Novosibirsk Plant for
Chemical Concentrates.
Photo:Vladimir Zinin ITAR-TASS

In 2003, TVEL's sales totalled 22.8 billion roubles, its
taxable profit 6.4 billion roubles, and its pure profit 4.5
billion roubles.304 (See chapter 2)
The SCC's financial status is also fairly transparent. At
the end of 2001, the enterprise's short-term credit liabilities were almost equal to its annual turnover. In April
2002, the SCC's management changed, as a result of
which its financial indicators are expected to start
improving. In any case, the new General Director of the
SCC, Vladimir Shidlovsky, spoke of plans to reduce the
enterprise's credit liabilities to 1.5 billion roubles by the
start of 2004, and said that this level of debt is substantially lower than in 2001. Regardless of this, the general
impression is that the administrations of both the enter304 Ibid.
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prise and the nuclear industry would welcome even a
situation in which the enterprise's credit liabilities did
not grow year by year.305 It is still too early to talk about
real profits in this sector.
Currently, the SCC survives to a large extent on its income from exports of uranium products. If the enterprise
did not engage in uranium enrichment for foreign clients,
then its economic situation would be a great deal worse,
and comparable with, for example, that of the MCC or
Mayak. The SCC enriches uranium extracted from
French SNF. Since France does not want to contaminate its own enrichment facilities with uranium-233 or uranium-236 isotopes, it sends extracted uranium to Russia
for enrichment. In this way, dirty radioactive products are
transferred to a country with lower environmental protection standards. After the HEU-LEU programme
draws to a close, such enrichment activities could prove
to be the only source of financial income for the Russian
nuclear industry.
The SCC's administration says that competition in the
uranium-enrichment market is fierce and carving out a
niche in it is difficult, as it needs not only economic and
technical prowess but also political will at the state level.
Development of nuclear energy has now moved to the
Asian region, where construction -- including Russian
projects of new nuclear reactors in India, China and
Taiwan -- is ongoing. In this connection the SCC's administration is looking for ways to work directly with Asian
companies without intermediaries. So far, it has been
able to do this only in South Korea.306
Imports of SNF for Storage and Reprocessing
Because of its technical, technological, legislative and legal
weaknesses, as well as the lack of state subsidies,
Minatom's nuclear industry enterprises cannot compete
on equal terms in the overwhelming majority of the international nuclear-materials market. For this reason, in
1999-2001, Minatom's administration began active campaigning for a legal basis for a dubious project to import

A protest banner hung near
the Zheleznogorsk Mining and
Chemical Combine in Siberia
that reads 'A New Chernobyl?
No Thank You.'
Photo: Charles Digges/Bellona
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Shidlovsky)," Nuclear.Ru, August 15, 2003.
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20,000 tonnes of foreign SNF to Russia for storage and
reprocessing. In Russian economic and ecological circles
this project was immediately seen as a shady deal to earn
its organisers a quick buck, saddling the country's population with the obligation to store, process and guarantee
the physical protection of foreign reserves of SNF and
nuclear waste without any back-up from financial resources to do so. This project was seen as a scam, as international experience and estimates by economists -- backed up by the conclusions of international lawyers -- have
shown that it is impossible to implement, let alone to
make it economically effective. In addition, the Minatom
administration has repeatedly mentioned the existing
international SNF market, in which Russia could carve
out 10 percent of services for SNF management. In fact,
there is no such market, since at present not a single
country has made a commitment to store or process
SNF of foreign origin. Because of this, there are no
extant prices for such services. It is only possible to be
guided by data from countries that still engage in SNF
reprocessing or plan to do so (Great Britain, France, and
Japan). For the sake of argument, let's suppose that the
cost of building SNF-reprocessing facilities totals:
• Great Britain:Thermal Oxide Reprocessing Plant, or
THORP, in Sellafield (project-basis capacity of 700
tonnes of SNF per year), cost $4.4 billion (1994);307
• Japan: Estimated cost of the Rokkasho facility (projectbasis capacity of 800 tonnes of SNF per year,
construction costs $17 billion);308
• Russia: Cost of construction of facility RT-1 (projectbasis capacity of 400 tonnes of SNF) unknown; cost
of facility RT-2 (project-basis capacity of 1,400 tonnes
of SNF) estimated by Minatom at $2 billion and by
independent experts at $3-6 billion.
At present, to implement its plans to store and process
domestically produced SNF, Russia has to use funds
from deals with foreign nuclear establishments dealing
with the storage and reprocessing of SNF. For the sake
of argument, let's say that the MCC at Zheleznogorsk
receives $60 dollars for storing 1 kilogram of domestically
produced SNF, an amount based on information furnished
by an MCC official. For the same service, Minatom's
foreign partners pay $360 per kilogram (even though the
cost of dealing with domestically produced and foreign
SNF is the same). Minatom could not confirm these figures, citing an absence of any definite data. Calculations
made by Minatom experts for the scheme to import
20,000 tonnes of SNF to Russia put the cost of storage
at $150 per kilogram (plus $1 per kilogram per year of
storage).309

307 Sadnicki M.J., "Future Thorp Available Cash Flows: Paper for the National
Steering Committee of the Nuclear Fuel Local Authorities," April 22, 1998.
308 Takagi, J., "Reprossessing v osonvnikh stranax,"Energetika i Bezopasniost, No 2,
January, 1997.
309 Levchenko, N. "Tri "E" kotoriye vsekh volnuyut; energetika, ekonomika, ekologia,"
Nuclear Energy Bulletin, August, 2001.

As far as SNF processing is concerned, foreign NPPs
have paid from $350 per kilogram (Ukraine) to $600 per
kilogram (Hungary) for this service, netting the Mayak an
average of $18 million per year.310 The cost of reprocessing
Russian SNF is not known: Mayak representatives cite
the contract-basis nature of the work and the lack of a
unified tariff.The cost of storage and reprocessing given
in the scheme to import foreign SNF anticipates a price
in the region of $1,000 per kilogram. The cost of fullvalue reprocessing of SNF, according to former head of
Minatom, Rumyantsev, is as high as $1,500 per kilogram.311
The main problems with SNF reprocessing, and the
reasons for which most nuclear states have rejected it
and switched to long-term storage, are:
• The cost of storage, transport and reprocessing of
SNF, of storage of nuclear waste formed during the
process, of repeated use of fissionable nuclear
materials (primarily reclaimed uranium and reactorgrade plutonium) and providing physical security at
all stages of technological processing means this
process cannot be economically effective;
• A large amount of nuclear waste is formed during
SNF reprocessing; reprocessing 1 tonne of SNF
produces an additional 2,200 tonnes of radioactive
waste with a total activity of 0.6-1 million Curies.
In general, SNF can be reprocessed in Russia -- Mayak has
the RT-1 Facility, which has an annual engineered reprocessing capacity of 400 tonnes of SNF per year, although
realistically is able to process a maximum of 100 tonnes
-- and only if all SNF-management processes are underfinanced. This is precisely what is happening now, with
debts owed to Mayak by civilian and military nuclearindustry enterprises increasing.
This under-financing includes both straight non-payment
for complete work and accumulated problems to solve
for which no funding source has been defined. First of all,
this means the continued dumping of liquid nuclear waste
at Mayak, where every year 2,000-3,000 tonnes of liquid
nuclear waste are formed with a total activity of 100 million Curies.312
The scheme for importing SNF includes Separation of
100 tonnes of reactor-grade plutonium, which due to its
high radioactive content needs to be treated with special equipment -- of which there is none in Russia. Russia
does not have enough for dealing with this plutonium,
converting it into capacities MOX fuel or using it in
310 "Analiz organizatsii I efffektivnost rabot po vypolneniyu deistbuyushchikh
mezhdunarodnikhsoglashenii Rosskiickoi Federatsii, svyazannikh s vvozom,
khraneniem I pererabotkoi obluchyonnogo yadernogo topliva (OYaT)
zarubezhnikh yadernikh reaktorov" Project prepared for the Government of the
Russian Federation in fulfillment of the request of the president of the Russsian
federation, No. Pr.-251, dated 14.02.2002.
311 Levchenko, N. "Tri "E" kotoriye vsekh volnuyut; energetika, ekonomika,
ekologia," Nuclear Energy Bulletin, August, 2001.

energy-generating reactors. This demands an as-yetundefined amount of additional resources.
Thus, the conclusion can be drawn that no confirmation
of the efficiency of the SNF-reprocessing process has
been found.
4.2.3. Construction of NPPs Abroad
After the fall of the Soviet Union the new Russian government made no noticeable efforts to rehabilitate the reputation of Soviet nuclear power, which had suffered as a
result of the Chernobyl disaster. Moreover, even projects
that had been discussed in the late Soviet era were halted.
During the 1990s, Minatom made efforts to continue
working at nuclear sites abroad, but this was hampered
by serious internal problems, reduced interest around
the world in nuclear energy, and general mistrust of the
Soviet and later Russian atomic-industrial complex.
Regardless of this, through the efforts of influential nuclear-industry lobbyists, at the start of the 21st century collaboration continued with three countries that had
shown an interest in developing nuclear energy based on
Russian technology and with help from Russian specialists.
In 2002, work was continuing or started on construction
of the following installations:
• Heavy reactor equipment was installed in the first
reactor block of the Bushehr NPP in Iran (a cooperation agreement on construction of an NPP was
concluded in 1992; the reactor is expected to be
physically ready in 2005, and connected to the network in 2006);
• Heavy reactor equipment was installed in the first
reactor block of the Tianwan NPP in China (Russian
companies working on the project are
Atomstroieksport and Atomenergoproekt, with the
Chinese firm JNPC and Germany's Siemens);
• Construction work began on the first reactor block
of the Kudankulam NPP in India (type VVER-1000).313
Information on all three projects is extremely limited.
The Minatom administration refuses to give out information about the conditions of the contracts, which
gives rise to suspicion about abuses by its affiliated organizations involved in the work. There is little reliable
published data. For this reason research into the economic
side of Russia's international cooperation in advancing
Russian nuclear technology on the world market has to
be based on a few pieces of information and impressions
of the overall system.
312 Glagolenko Yu.V. et. al., "Radioactive waste handling policy at the Mayak Combine",
Radioactive Safety Issues, #2, 1996. See also Larin,V.I,
"Kombinat Mayak - problema veka," Moscow, KMK, 2001.
313 Nuclear Energy Bulletin, "Dazhe esli pogasnet solnze," Interview with Minister
of Atomic Energy Alexander Rumyantsev, September, 2002.
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Construction of the Bushehr NPP in Iran
Under the Shahs, Iran had an enormous construction
programme to build more than 20 nuclear power plants.
Construction of two of them-Bushehr 1 and 2, using low
enriched uranium and each producing 1,300 Megawatts
of power-began before the Islamic revolution of 1979.
The constructor was the German firm Siemens. In 19871988, during the Iran-Iraq war, the partially built reactor
was significantly damaged. After the end of the war,
Germany (under pressure from the United States) refused
to continue construction of the NPP in this unstable region.
After the German refusal to continue working in Iran,
the USSR made an attempt to capture this section of the
nuclear-technology market. In August 1992, a RussianIranian agreement was signed "On Using Nuclear Energy
for Peaceful Purposes." It took the Russian side more
than two years to convince the Iranians to reject building
the NPP in an earthquake-prone region in the north of
the country.
In January 1995, a contract was signed on completion of
the first reactor block of the Bushehr NPP. Russia was
contracted to complete construction of the first reactor
block and to install a 1,000-Megawatt Russian VVER1000 reactor in it. In the future it is envisaged that Russia
will be able to install another three reactors in Iran, one
more VVER-1000 and two VVER-440s.314
The legal side of the agreement with Iran is supposed to
conform to IAAE standards. In this investigation we will
not examine the question of double standards -- the
United States reproaching Russia for its work with Iran,
while at the same time itself planning construction of a
similar reactor in North Korea -- discussed in nuclear
industry circles. We are interested in the economic side
of the issue.
According to available information, Minatom and its affiliated companies will receive $100 million a year from
the project in Iran, for a projected total of $800 million.
As a result of this project, the Russian fresh-nuclear-fuel
production market has revived, given that the Novosibirsk
Chemical Concentrates Plant was contracted to produce
a full set of fuel rods for the firing-up of the Bushehr reactor core. According to the scheme adopted by Minatom
specialists, the SNF produced will return to Russia for
reprocessing. But no formal agreement has yet been
adopted between the two governments regarding SNF
return from Bushehr.
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the load for a VVER-440 reactor, which is 72.5 percert
with 35 tonnes of the FAs needing replacement every
year.315 The load for a VVER-1000 reactor is correspondingly larger.
This means that, in a few years' time, deliveries of SNF of
at least 25 tonnes per year will begin arriving Russia. Bear
in mind that reprocessing 1 tonne of SNF forms 2,200 of
nuclear waste with a total activity of up to 1 million
Curies. The cost of storing and reprocessing that much
SNF is estimated at $35 million.The cost of subsequent
storage, control and provision of physical protection of
the by-products of SNF reprocessing is unknown. It is
also unknown whether these costs are included in the
contract, or whether Iran will pay for each delivery of
SNF separately (including payment for transport and
insurance of transfer of nuclear material). All of this will
be stored on Russian territory. Russia will also be
responsible for storing nuclear materials. Additionally, it is
not known whether the funds to pay for this will come
from the sum that Iran is meant to pay.
Construction of the Tianwan NPP in China
and the Kudankulam NPP in India
Very little is known about the construction of the Tianwan
NPP in China and the Kudankulam NPP in India.The reactors being installed there are VVER-1000s. Financing for
the project is provided in the form of Russian government credit, the conditions of which are not known. It is
thought that the percentage on the credit is partly being
paid at present in the form of barter deliveries of consumer goods. The credit will be returned after the
power station goes online in 8-10 years. If Russia experiences problems in the future with the crediting of
nuclear facilities, the return will be delayed.
All of what was written above about deliveries of fuel to
Iran also applies to the Tianwan NPP in China. The
Novosibirsk Chemical Concentrates Plant plans production of FAs for the first firing-up of the Chinese reactor,
with all the above-listed consequences.
The agreement with India on equipping the Kudankulam
NPP with a VVER-1000 reactor was signed in 1988.
Work began in 2002.
Overall, these projects can be said to be unprofitable for
Russia from the economic point of view. Most likely, the
agreements with China and India will be implemented
for two basic reasons:

Without information on the size of the fresh-nuclear-fuel
load in a VVER-1000 reactor, we can only use data on

• The Minatom administration was at first able to lobby
the Russian government for financing based on the

314 Orlov,V.A., "Problemi yadernogo nerasprostraneniya v rossiysko-amerikanskikh
otnosheniyakh: istoriya, vozmozhnosti I perpektivi, dalneizhego vzaimodeistviya,"
Moscow, Pir-zentr, 2001.

315 Larin,V.I, "Kombinat Mayak - problema veka," Moscow, KMK, 2001.

importance of strengthening Russia in the Asian nucleartechnology market, which does have the potential for
growth.That was done under conditions of dumping
which damage the current interests of the population,
and put Russia in a difficult position regarding not
the formal, but the real, compliance with non-proliferation of nuclear materials to unstable regimes.
• While convincing the government of the necessity of
supporting these projects, the Minatom administration
was motivated by the importance of retaining Russian
influence over potentially influential states with large
populations and fast-growing economies, such as
China, and those with traditionally friendly ties with
Russia, like India. It is without taking into account
that, under market conditions, a decisive role is played
not by traditions and a readiness to help one's
neighbours to the prejudice of one's own economy,
but by pragmatism and aspirations to be powerful and
influential. Becoming powerful and influential is possible
only by increasing one's own influence, reducing the
neighbours'influence, and using the neighbor's country
in the dominant country's own interest.

In 1998, international organisations began to fund the
US DOE's Nuclear Cities Initiative, which aimed to create
jobs in the non-military sphere in 10 of Minatom's closed
cites. In just three years, from 1999-2001, more than $50
million was allocated for this purpose,317 although a large
portion of this money remained in the United States.

4.2.4. Grants and Aid as a Form of the Russian
Nuclear Industry's Receiving Funding from
Foreign Organisations
At the beginning of the 1990s, the U.S. government was
seriously concerned about the prospect of a so-called
brain drain of Russian producers of weapons of mass
destruction (WMD) to other countries that could potentially be interested in creating their own WMD programmes. Because of this, a number of initiatives were developed to try to attract specialists from the weapons sector into other areas of the Russian national economy.

Since this obvious thought is categorically repudiated by
representatives of the Russian nuclear lobby (albeit without an honest economic analysis of costs and income), we
will try to give it some foundation with available information.

One of these initiatives was the creation of scientific
centres in Russia and several Commonwealth of
Independent States (CIS) countries, the goal of which
was to establish collaboration between specialists from
the scientific sector of the former Soviet militaryindustrial complex and their foreign colleagues. In Russia,
the International Scientific and Technical Centre (ISTC)
was founded, with one office in Moscow in the Ministry
of Atomic Energy. The ISTC is funded primarily by the
United States and the European Union.
Interested organisations and individual scientists give
project proposals for grants to the ISTC secretariat, and
many receive funding. At the end of 2000, the ISTC
administration had granted a total of $316 million to
1,156 projects, with more than 30,000 specialists and
engineers and 400 institutes due to take part in implementing them.316
316 Wolfsthal, Jon, et, al. "Nuclear Report, 2002," sixth edition, Carnegie Endowment
for International Peace, Moscow office, December, 2002.

Over the past 15 years, Minatom has been given about $1
billion by the United States and the EU to re-equip
Russian NPPs with new equipment.318

4.3.The Economy of Nuclear
Electric Power319
Nuclear electric power is the one offshoot of the huge
organism of the nuclear military-industrial complex that
could develop only with unlimited financing from the
state. After reserves of fissionable materials accumulated
during the Cold War ran out, this energy sector was
doomed to die, since it could not hold its own against
other forms of energy production on a competitive basis.

4.3.1.Tariffs Instead of Cost Price
To start with, the difference between the actual price of
the electric energy and the rates at which the producer
sells it to intermediaries or end users must be defined.
The actual cost of the electric energy includes the following expenses that are inherent in its production:
•
•
•
•
•
•

The cost of fuel;
Reprocessing, enrichment and transport of the fuel;
Construction of the power station;
Insurance against accidents;
Repair of equipment;
Allocations for updating and replacing of obsolete
equipment;
• Employees' salaries at all stages of the fuel cycle and
various other costs.
To make an honest calculation, the price charged for a
nuclear kilowatt hour should be determined based on real
current costs. Short-term cost-reducing factors also should
not be forgotten. These consist primarily of leftovers
from the nuclear-arms race in the form of:

317 Ibid.
318 Yablokov, A.V., "Khranit vechno?" Mirovaya energetika, #1, January 2004
319 The information in this section is based on a yet to be published article by
Vladislav Larin and Vladimir Chuproov. Unless otherwise noted, all material in
section 5.4 is based on the jointly written original manuscript of that article.
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•
•
•
•
•

Developed technologies;
Reserves of fissionable materials;
Military reserves of raw uranium;
Infrastructure; and
Trained specialists;

as well as long-term cost-increasing factors:
•
•
•
•

•

•
•

•

•

Exhaustion of reserves of cheap uranium ore;
Falling of military uranium reserves due to sales;
Obsolescence and collapse of infrastructure;
Need for expensive scientific research and construction connected with the proposed switch to reviving
nuclear energy based on plutonium fuel;
Deferred problems connected with the expensive
storage and the even more expensive decommissioning of SNF, uranium and plutonium;
Need to insure nuclear risks to the level required by
international conventions;
Need to improve physical safety at nuclear-fuel-cycle
enterprises, connected with the appearance of new
threats-primarily nuclear terrorism and proliferation
of nuclear materials;
Need to rehabilitate radioactively polluted areas and
provide compensation to those who have suffered
as a result of the nuclear industry's operations;
Accumulation of funds necessary to decommission
nuclear facilities after the exhaustion of resources and
to create new production capacity (or to remove
the consequences of production activity).

In fact, the tariff for nuclear electric energy turns out to
be less than the cost price. The missing difference is
covered by tax breaks and subsidies from the state budget -- thanks to the efforts of influential lobbyists in the
government who can prove to the government the
importance of the sector. And, with the right PR, low
tariffs can fully be shown as an indicator of economic
efficiency.
4.3.2. Minatom and Rosenergoatom's Peculiar
Accounting
Russia's nuclear electricity-generation, which falls under
the aegis of the state company Rosenergoatom, unites
10 NPPs and 30 reactors currently working at them. In
2003, according to the nuclear industry, they produced
more than 145 billion kWh of electric energy (at 22.2
giga-watts fixed power). The Minatom administration is
already planning to triple tariffs per nuclear kilowatt over
five years, from 20.5 kopeks per kilowatt hour in 2001 to
63.6 kopeks per kilowatt hour in 2006.320 It can be stated
that this is the optimal scenario for tariff growth, since it
has been proposed by Minatom experts based on a
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320 Krylov, D.A., "Electroenergiya AES dlya nuzhd OAO"Gazprom," Energy, economics,
technology, environment," #6, 2003. See also Ryabev, L., "Atomnaya energetika
Rossii: sostoyaniye, vzglyad na budusheye," , Kurchatovets, #7-8, August-September
2003, and :Energeticheskaya Strategiya Rossii na period do 2020 goda,"
approved by decree of the Russian Government of August 28, 2003 #1234-r.

prognosis favourable to the Ministry of the cost dynamics per nuclear kilowatt. We think that this prognosis is
unnecessarily optimistic.
Against the background of such tariff growth in Russia, it
is interesting to note that the actual cost per nuclear
kilowatt in the United States has come down over the
last 12 years from 2.3 cents (69 kopeks) per kilowatt hour
to 1.7 cents (51 kopeks) per kilowatt hour.321 Most likely,
this has happened due to a refusal to build new NPPs,
which removed the necessity to add these expenses to
the cost price of electric energy.
What elements make up the tariff per Russian nuclear
kilowatt? To understand the details of this process, we have
to look at the current funding scheme for Russian nuclear
electricity-generation-based on current Russian nuclear
industry practice.
It was noted above that the tariff does not reflect the cost
price of the electric energy produced by Russian NPPs,
but rather is the result of annual agreements between
the nuclear industry, the Federal Energy Commission
(FEC) and the Ministry of Economic Development and
trade. These agreements are based on the following
premises:
1 There are more-or-less constant constituents in the
cost of producing nuclear electric energy that come
under the umbrella of operating and running expenses
(salaries, production of fresh fuel, storage, transport, processing of SNF, etc.);
2 As well as expenses incurred by the actual cost of
producing nuclear energy, the the nuclear industry’s
administration puts forward an annual development programme for the sector that covers the following basic
areas:
• Improving physical safety at nuclear sites and the
fissionable materials they produce;
• Improving nuclear and radiation safety at nuclear-energy
establishments in line with contemporary demands;
• Decommissioning old reactor blocks;
• Construction of new reactor blocks and development
of new types of reactor blocks.322
It should be noted that the nuclear industry's experts
calculate the cost price per atomic kilowatt in a nonstandard way by including all operational and investment
expenses. The experts themselves decide what counts
as current expenses and what counts as programmebasis development.This makes calculating the cost price
and accounting for subsidies more difficult.
321 Ryabev, L., "Atomnaya energetika Rossii: sostoyaniye, vzglyad na budusheye,"
Kurchatovets, #7-8, August-September 2003.
322 "Ob utverzhdeniyi pravil otchisleniya expluatiruyushimi organizaziyami sredst dla
formirovaniya reservov, prednaznachennikh dla obespecheniya bezopasnosti
atomnikh stanziy na vsekh stadiyakh ikh zhiznennogo zikla I razvitiya,"
Governmental Decree, #68 of January 30, 2002.

Funding levels for programme-basis development are
decided by negotiation between the nuclear industry, the
FEC, and the Economic Development Ministry. the nuclear
industry's first proposals include larger figures than those
confirmed in the final agreement. In 2002, Minatom
requested an amount of 25 billion roubles (of which
most was earmarked for spending on the construction of
new nuclear reactors).The horse-trading then begins, as
a result of which figures are accepted that more or less
suit all sides.323 For the sake of argument, let's say that in
2002 the final expenses on programme-basis development for nuclear electric energy were 19.8 billion roubles instead of the 25 billion that the nuclear industry
asked for.Therefore, including 30 billion roubles of operating costs, planned income for 2002 came to about 50
billion roubles.
Most programme-basis development is directed at the
construction of new reactors (in 2002, this was 11.9 billion roubles of a planned 19.8 billion roubles on programme-basis development, or 20 percent of all income
from the sale of nuclear electric energy).
The tariff is formed on the basis of NPPs' annual generation of electricity (roughly 130 billion kilowatt hours in
2002) and annual figures agreed with the nuclear industry
for income from the sale of NPPs' electric energy (50 billion roubles). Simple division provides an average tariff
cost for electric energy for 2002 in the region of 40
kopeks per kilowatt hour.
The actual cost price of nuclear electric energy has little
in common with the tariff price, since it does not include many important factors and expenses.The difference
between the tariff and the cost price is covered by tax
breaks, as well as direct and indirect subsidies. Indirect
subsides can be said to include underfunding of enterprises rendering SNF- and nuclear-waste-management
services, as well as revocations of benefits promised to
those living in the vicinity of NPPs.
But one must examine the real financing scheme for
nuclear electric energy, including subsidies, underfunding,
and cost deferrals (which we will call extra-tariff expenses).
Several sources of extra-tariff expenses in this scheme
are undefined, owing to the non-transparency of financing
for nuclear energy and the difficulty of accounting for the
nuclear industry's financial flows.
4.3.3. State Subsidies and International Aid
As well as income from sales of nuclear electricity, Russian
nuclear electric energy has at least two sources of financing
that cover expenses on production of electric energy
323 Nuclear Energy Bulletin, "Dazhe esli pogasnet solnze," Interview with Minister
of Atomic Energy Alexander Rumyantsev, September, 2002.

but which are not taken into account when the tariff is
decided: subsidies from budget funding, and foreign
financial aid to strengthen nuclear and radiation safety at
NPPs. (Formally, government subsidies are also primarily
meant to finance expenses on nuclear and radiation
safety, and SNF and waste management.) We will list only
a few items of expenditure, totalling around 2.7 billion
roubles, included in the federal budget for 2002:
• Expenses on measures to increase nuclear, radiation
and ecological safety and support basic science: 2.3
billion roubles;
• The Safety and Development of Nuclear Energy
Subprogram: 384.6 million roubles;
• The New-Generation, Higher-Safety NPPs and Nuclear
Energy Establishments Subprogram: 4.6 million roubles;
• The Safety of NPPs and Nuclear Research
Establishments Subprogram: 2.4 million roubles;
• The Safety of Russia's Nuclear Industry Subprogram:
2 million roubles (Federal Budget 2002).
The Federal Budget for 2004 contains a similar set of
figures.
Many figures are hidden regarding financial aid from
abroad. At the same time, we do know that in August
2003 Finland earmarked more than 300 million roubles
(€10 million) to improve safety levels at the Leningrad
NPP324 Or another example: an agreement signed on
June 9, 1995, between the Russian Government and the
European Bank for Reconstruction and Development
made two grants to improve nuclear safety at Russian
nuclear establishments controlled by Rosenergoatom:
• €45.14 million for Rosenergoatom;
• €30.4 million to improve safety at the LNPP.325
Russian Presidential Audit Chamber results for 19982000 show that foreign aid to Minatom enterprises for
waste management alone totalled $270 million (8.1 billion
roubles).True, it is impossible to say definitely how these
funds were spent or how much of them went to nuclearwaste management at NPPs, since "no accounting is done
of extra-budgetary funds (in roubles and foreign currency)
obtained through various organisations to implement
Minatom's Waste-Management Programme, and these
funds are not reflected in the balance sheets."326
It is important to clarify our position here. We are not
against financing of work connected with increasing
nuclear and radiation safety at Russian nuclear establishments using taxpayer money and foreign grants. But in
this case the following principles should be strictly applied:
324 Laakso, L., "Finlyandiya dast deneg na yadernuyu bezopasnost v Rossii," RIA
Novosti Russian news Agency, Helsinki, August 28, 2003.
325 Legal Affairs, "Compendium of Nuclear Safety-Related Co-operation
Agreements Third Revision,"OECD, February 2003
326 "Handling Radioactive Waste and Spent Nuclear Materials and Their
Decommissioning and Disposal for 1996-2005:Project Funding and Performance
Inspection," Federal goal-oriented program, ,The Bulletin of the Audit Chamber
of the Russian Federation #3 (51), Moscow, 2002.
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• The nuclear industry’s administration should produce
thorough, transparent accounts of all incoming and
outgoing funds, especially those designated for nuclear
and radiation safety;
• The nuclear industry (Rosenergoatom) management
should admit that it does not have sufficient funds of
its own to support nuclear and radiation safety at
existing nuclear energy establishments, and should
abandon the construction of new nuclear reactor
blocs. Funds freed up by doing this should be directed
to strengthening nuclear and radiation safety at
working establishments.
4.3.4. Production of 'Fresh' Fuel
The thing that raw uranium has in common with oil, gas
and coal is its exhaustibility. Reserves of "cheap" uranium
costing up to $40 per kilogram; have almost run out. In
Russia, these reserves are estimated at 70,000 tonnes,
with annual extraction of around 13,000 tonnes,327 after
which the nuclear industry will have to use raw materials
costing up to $80 per kilogram, which in turn will lead to
higher tariffs.
True, here we run into the above-mentioned substantial
differences between the data used in different sources of
information. For example, former Deputy Atomic Energy
Minister Vladimir Govorukhin, who handles issues of the
Russian nuclear industry's work with state structures and
information policy, gave in an interview different figures
for annual uranium extraction in Russia of 3,200 tonnes
with demand of 10,000 tonnes; Minatom, he said, plans
to level extraction at 5,000-6,000 tonnes only by 2020.328
It is also true that such differences between data do not
exercise a substantial influence on our further analysis
because the former deputy minister's statement confirms that nuclear energy is living on its previous stock
reserves of uranium left over from the Soviet era. After
these reserves run out, significant investment will have to
be ploughed into the development of the raw-materials
base.
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time, the inertia which continues to drive the decelerating movement of Russian nuclear electric energy will
run out, and the number of urgent high-cost measures
will increase.
This is one reason for the the nuclear industry’s administration's haste to begin construction of as many new
NPP reactor blocs as possible. In 10 years, when reserves
of cheap raw uranium run low, it will be even more difficult than it is now to give foundation to the economic
advisability of constructing new NPPs. And if the new
reactor blocs are even 30 percent built by 2014, then it
will be possible to defend continuing their construction,
based on money already invested.
4.3.5. Storage and Reprocessing of SNF:
Waste Management
When the nuclear industry was just starting up, nuclear
scientists dreamed of a closed fuel cycle.There were no
real grounds for optimism then, and at the beginning of
the 1950s even the most far-sighted leaders in nuclear
science and the nuclear industry in the United States
cautioned against boundless nuclear euphoria.329 More
detailed development work showed that the cost of a
closed nuclear-fuel cycle would make it impossible to
turn a profit with nuclear energy.330 As a result, the issue
arose of how to find suitably safe ways to store nuclear
waste and SNF -- an issue which has still not been solved
in any country in the world.
For now, most radioactive waste and SNF is in temporary storage in conditions that are poorly suited for this.
Since storage and reprocessing of nuclear waste and
SNF is by far the most costly step in the nuclear-fuel
cycle, nuclear industry and Rosenergoatom management
can only talk about reducing the cost of nuclear electric
energy by current underpayment for radioactive-material
management services, which, as noted earlier, are $60
per one kilogram of SNF.
For the same service, the Russian nuclear industry's
foreign partners pay $360 per kilogram (although the
actual cost of working with foreign and imported SNF is
the same). Estimates made by Minatom experts for the
project to import 20,000 tonnes of SNF into Russia put
the cost of storing 1 kilogram at over $150 (plus up to
$1 per year of storage).331

It is also essential to take into account that, to a large
extent, Russia's current nuclear electric energy industry
survives due to infrastructure, reserves of nuclear raw
materials and resources accumulated during the times of
unlimited funding of the nuclear-arms race from the state
budget. This time is coming to an end. The HEU-LEU
programme, which currently provides the nuclear industry
with the bulk of its fiscal earnings (in various years from
70 to 90 percent), will finish in 2013. After that, funds to
support nuclear electric energy will have to come
straight from the state budget and the pockets of electricity customers by means of increasing tariffs. By that

It is essential to note here that temporary storage can
last for no more than 40 years, after which the SNF has
to be reprocessed or sent to a properly equipped repository for permanent storage. In both cases this involves
extra costs. Neither the size of needed funding nor the

327 "Strategiya razvitiya atomnoi energetiki v pervoi poloviniye XXI veka,"
Goverment decree of May, 2000. See also Rybalchina, I., "Atomic workers
extract uranium in Russian," Kommersant, April 19, 2003.
328 "Uranium Cooperation," Nuclear.ru. See also Prirodno-resursniye vedemosti,
No1, Janauary 2004.

329 Lepp, R. "The New Stregth (of Atoms and People)," condensed translation
from English, Moscow, Publishers of Foreign Literature, 1954.
330 Ibid.
331 Levchenko, N. "Tri 'E' kotoriye vsekh volnuyut; energetika, ekonomika, ekologia,"
Nuclear Energy Bulletin, August, 2001.

funding sources for these are stipulated in the current
SNF management scheme.
The current difference in the cost for the same service
removes the incentive for the management of the enterprise to deal with Russian SNF. Taking into account that
the MCC accepts 150 tonnes of Russian SNF every year,
the underpayment to the MCC alone for storage of
Russian NPPs' SNF totals 1.3 billion roubles ($45 million).
This is the reason why production is badly organised and
poorly physically protected, which means that the burden
of solving the problem is transferred to the shoulders of
the next generation.

remained unnoticed by security personnel, and after
several weeks, frustrated FSB agents returned, and, again
unimpeded by MCC security, retrieved the mock-up
explosives.

The federal radioactive waste
and spent nuclear fuel repository
at Yucca Mountain in the United
States.
Photo: Nils Bøhmer/Bellona

Incidentally, during a March 5, 2003, appearance before the
State Duma, former Atomic Energy Minister Alexander
Rumyantsev admitted that physical safety at nuclear establishments was poor. As a result, it is planned to adopt a
special 6.5-billion-rouble, six-year programme to strengthen safety at nuclear-industry establishments. Annual
spending on this programme will total over 1 billion roubles.333

The under-financing of the SNF storage process is precisely the reason why Greenpeace activists and former
State Duma Deputy Sergei Mitrokhin could get unimpeded access -- complete with a camera crew from Russia's
then-independent television network NTV -- to the roof
of the SNF depository at the MCC in 2001. A few
months later, the lack of physical safety at the MCC was
confirmed during checks by the FSB332 when agents laid
a series of fake bombs at the RT-2 site.The fake bombs

Because current SNF depositories have insufficient capacity, it is planned to expand them. According to the
nuclear industry's plan, the construction of new storage
facilities and the expansion of existing ones will require
15 billion roubles. If the necessary work is to be done in
five years, this will require additional financing to the
tune of 3 billion roubles per year. In the words of former
First Deputy Atomic Energy Minister Mikail Solonin, who
dealt with issues of the operation of nuclear-fuel-cycle

332 Latyshev, E., "Proverki na dorogakh. Kak minirovat 'osobo okhranyayemiye'
obyekty Minatoma," Noviye Izvestiya, December 25, 2002.

333 "Proekt postanovleniya zakonodatelnogo sobraniya Rostovskoi oblasti," Minutes
of Legislative Assembly meeting of the Rostov Region of March 20, 2002.
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Containers for the transportation
of spent nuclear fuel at Mayak
Chemical Combine.
Photo:
Anatoly Semekhin/ITAR-TASS

establishments, these costs were part and parcel of
Minatom's investment programmes.334 However, according to FEC Decree No. 97-e/2 dated December 24,
2002, "On the list of establishments to be financed in
2003 from Rosenergoatom reserve funds for nuclear
plant development," the investment programme costs
are not accounted for.
According to the nuclear industry's plans and Government
Decree No. 923 from December 29, 2001, a depository
for long-term storage of un-reprocessed SNF and permanent storage of vitrified highly active waste should be
operational in the Nizhnekamsk granitoid range by 2020.
The cost of such a depository is 3 billion roubles ($100
million).335 The most optimistic scenario estimates the
construction period for the depository at seven years,
with an annual investment of 400-500 million roubles. It
has not yet been determined who will finance this construction -- the cost of which has obviously been underestimated, judging by world prices: For example, the cost
of the federal waste and SNF repository at Yucca
Mountain in the United States is estimated at $50 billion.
334 "Atomic workers extract uranium in Russian," Kommersant, April 19, 2003.
335 "Russian Weapons Plutonium and the Western Option," Nuclear Disarmament
Forum, AG, ZUG-Switerland, 2002.
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Another hidden source of financing still being negotiated
for nuclear electric energy from state budget funds is
losses arising from proposed legislation to remove property taxes from enterprises that store radioactive
materials and nuclear waste. Since it is quite difficult to
separate the overall value of Rosenergoatom property
from the nuclear industry's economy as a whole, and virtually impossible to separate it from the value of working SNF and waste repositories, losses to the state budget can only be approximated very roughly. Expert estimates and published figures put the financing at between 500 million and 2 billion roubles per year.
Another nuclear industry cost specifically concerning
Rosenergoatom's is funding storage of plutonium used
for energy generation obtained during SNF reprocessing.
At present, the Mayak Chemical Combine has a stockpile
of some 50 tonnes of reactor-grade plutonium extracted from SNF from Russian NPPs (in addition, the plutonium was extracted during SNF from mobile reactors,
primarily those in nuclear submarines, research reactors,
and foreign NPPs burning Russian-made fuel).336
336 "Analiz organizatsii I efffektivnost rabot po vypolneniyu deistbuyushchikh
mezhdunarodnikhsoglashenii Rosskiickoi Federatsii, svyazannikh s vvozom,
khraneniem I pererabotkoi obluchyonnogo yadernogo topliva (OYaT)
zarubezhnikh yadernikh reaktorov" Project prepared for the Government of the
Russian Federation in fulfillment of the request of the president of the Russsian
federation, No. Pr.-251, dated 14.02.2002.

Expense Item

Amount

Expenditure Budget
Including directly from the budget
State administration and local administration
State executive powers service/performance
Central Staff
Central Staff allowance
Central Staff maintenance expenses
International Business
International cultural, scientific and informational communications
Spending for international cultural, scientific and informational communications
Participation in international scientific research, student exchange programmes
Participation in international conferences
Fundamental research and advancement of technical progress
The development of prospective technologies and priority scientific and
technological research
R&D
Funding priority scientific and technical research
Other R&D
Federal target programme "Nuclear and radiation safety in Russia"
for 2000-2006
Subprogramme "Handling and disposing radioactive waste and spent nuclear materials"
Subprogramme " The Safety Russia's Nuclear Industry "
Subprogramme "The Safety of Nuclear Power Plants and Research Nuclear Units"
Subprogramme " Nuclear Power Plants and Nuclear Power Units of New
Generation with Enhanced Safety"
Subprogramme "Improving Personnel Training and Continuing Training"
Subprogramme "Organizing the System of State Accounting and control Over
Radioactive Substances and Waste"
Subprogramme "Tools and Methods of Analysing Nuclear and Radiation Effects on
the Environment and Humans"
Subprogramme "Methods of Analysis and Validation of the Safety of Nuclear and
Radiation Sites"
Subprogramme "Russia's Nuclear and Radiation Safety Policy"
Federal target programme "International Thermonuclear Reactor ITER"
for 2002 - 2005
Scientific Research and research and development within federal target
programmes
Federal target programme "National technological base" for 2002 - 2006
Conducting scientific research and development within federal target
programmes
Federal target programme "Energy-effective Economics" for 2002-2005 and
long-run expectation until 2010
Subprogramme "Nuclear Electric Power Industry Safety and Development"
Industry, nuclear power industry and construction
Construction, architecture
State capital funding of special ministries and departments
Irrevocable state capital funding
Federal target programme "Housing" for 2002-2010
Steps aimed at providing housing to a certain group of citizens

19 720 095 900
5 649 595 900
149 430 900
149 430 900
149 430 900
75 029 300
74 401 600
40 933 000
40 933 000
40 933 000
35 056 000
5 877 000
429 073 400
429 073 400

(roubles)

Share
100%
2,6%

0,7%

7,5%

232 481 400
60 000 000
172 481 400
58 828 000
23 284 800
2 464 000
2 956 800
5 667 200
2 094 400
2 094 400
5 544 000
12 320 000
2 402 400
67 760 000
67 760 000
42 900 000
42 900 000
27 104 000
27 104 000
689 750 000
689 750 000
286 000 000
286 000 000
6 000 000
6 000 000

12,2%

Table 40 The Budget of the Ministry for Atomic Energy of the Russian Federation (now Rosatom) for 2004. (The Federal
Law of the Russian Federation on the Federal Budget for 2004.) (Continued on next page.)
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Expense Item

Amount

Federal target programme "Nuclear and Radiation Safety in Russia" for
2000 - 2006
Subprogramme "Handling radioactive waste and spent nuclear materials.
Decommissioning and Disposal"
Federal target programme "Reforming and developing of defensive-industrial complex
(2002-2006.)"
Subprogramme "Reforming nuclear industrial sites (nuclear weapons sector) 2002-2006"
Federal target scientific and technological programme "Research and Development of
Priority Scientific and Technological Projects" for 2002-2006
Irrevocable state capital funding
Federal target program "Energy-effective Economics" for 2002-2005 until 2010.
Subprogramme "Nuclear PowerIindustry Safety and Development"
Education
Pre-school education
Departmental Expenses Budget education expenditures
Child-care
Basic vocational education
Departmental education expenditures
Vocational schools
Secondary professional schools
Departmental Budget education expenditures
Specialized secondary schools
Higher vocational schools
Management budget education expenditures
Higher institutions
Armaments Decommissioning and Elimination, Including international agreements
Decomissioning and elimination of armaments as per international agreements
Developing and decommissioning nuclear weapons and nuclear power units of
military purpose; decommissioning nuclear and radiation dangerous sites;
R&D aimed at eliminating and decommissioning weapons
Eliminating and decommissioning weapons
Eliminating and decommissioning weapons, with international agreements excld.
Eliminating and decommissioning nuclear materials and power units of military purpose;
decommissioning nuclear and radioation dangerous sites, with international agreements
excluded
Inspections and other spending
Including task budget funds
The fund of the Ministry for Atomic Energy of the Russian Federation
Expenses for the account of the task fund that is consolidated in the budget
Pension and benefit payments
Spending for the enhancement of nuclear, radiation and environmental safety and
the support of fundamental and applied research;
Compensating expense related to the fulfillment by the Russian Federation of
international obligations
Miscellaneous expenses, not otherwise classified
Federal target programme "Reforming and developing defense and industrial complex
(2002 - 2006)"
Subprogramme "Reforming nuclear sites (nuclear weapons sector) for 2002 - 2006"

24 750 000

(roubles)

Share

24 750 000
47 500 000
47 500 000
73 500 000
73 500 000
252 000 000
252 000 000
189 308 600
5 525 000
5 525 000
5 525 000
8 535 000
8 535 000
8 535 000
112 322 600
112 322 600
112 322 600
62 926 000
62 926 000
62 926 000
4 160 100 000
4 025 100 000
4 025 100 000

3,4%

73,6%

10 000 000
4 015 100 000
135 000 000
135 000 000

135 000 000
14 061 500 000
14 061 500 000
12 961 500 000
782 000 000
2 260 000 000

100%
5,6%
16,1%

5 825 720 000

41,4%

4 093 780 000
1 100 000 000

29,1%

1 100 000 000

7,8%

Table 40 The Budget of the Ministry for Atomic Energy of the Russian Federation (now Rosatom) for 2004. (The Federal
Law of the Russian Federation on the Federal Budget for 2004.)
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According to the Russian Fedaration Concept for Managing
Plutonium Released during Nuclear Disarmament, which
Minatom ratified in 2002, the annual cost of storing 1 gram
of plutonium is estimated at $2.337 This means that storing
50 tonnes of plutonium will cost $100 million (3 billion
roubles) per year. It is difficult to assess Rosenergoatom's
share in these expenses, but it ought to total at least 1 billion roubles per year. This is just expenses from paying
for storage of plutonium extracted from NPP SNF.
Meanwhile, the nuclear industry is looking at possibilities
for using plutonium as fuel in energy-generating reactors.
In this case, Rosenergoatom will shoulder the costs of
storing and guaranteeing the physical safety of all of
Russia's plutonium reserves. We do not have at our disposal any information on whether Rosenergoatom is
prepared to pay for even its own share of the plutonium.
The situation with SNF reprocessing is similar. Without
going into the ecological consequences of this process,
let's examine the economic side of the problem.The only
Russian enterprise that can reprocess SNF is the RT-1
Facility at Mayak.Theoretically, this facility could reprocess
fuel rods from reactors at most of the FSU's nuclear
reactors. In reality, however, it only processes SNF from
Russian VVER-440 reactors, naval reactors, research
reactors and BN-600 reactors.
The RT-1 Facility has engineered capacity of 400 tonnes
of reprocessed SNF per year. In fact, it reprocesses less
than 140 tonnes of SNF, of which 40-100 tonnes is SNF
imported from Hungary, Finland, Bulgaria, Slovakia and
Ukraine.These data are relevant for 1992-2003, since to
all appearances, SNF from foreign Soviet-built reactors
will no longer be brought to Russia. Foreign NPPs paid
$350-$600 per kilogram for their SNF to be reprocessed (specifically, Hungary paid $600 per kilogram), netting Mayak an average of $18 million (54 million roubles)
per year.338

scheme envisages reprocessing costs for 1 kilogram of
SNF at $1,000). According to Rumyantsev, the full-value
cost of SNF reprocessing can reach $1,500 per kilogram.339
Several figures concerning the Mayak's foreign-currency
contract-basis earnings for 1992-1998 taken from Audit
Chamber reports are presented in table 40. It is clear
from the table that over these seven years the enterprise netted some $228 million (on average $32 million or
about 1 billion roubles per year) for the storage and
reprocessing of foreign SNF.
Since the money paid to Russian nuclear-fuel-cycle enterprises (primarily Rosenergoatom) is insufficient for fullvalue management of all SNF, Mayak treats the reprocessing of Russian SNF similarly to how the MCC treats
the storage of it. Incoming funds are not enough for the
necessary investment to ensure the active work and development of a reprocessing infrastructures.340 For example,
finishing construction of the MCC's temporarily frozen
RT-2 Facility for reprocessing of SNF will cost about $2
billion, according to Rumyantsev.341 Independent experts
put this cost at up to $3 billion.
In simple terms, Russia can not reprocess SNF without
regular injections of foreign funds. Even with these funds,
Russia can only continue while the system of underfinancing is still in place and the cost of SNF-reprocessing
services remains low due to under-implementation of
measures to support nuclear and radiation safety according to international requirements. This, incidentally, was
the reason why, in January 2003, the State Nuclear
Regulatory Organisation, or GAN, did not extend Mayak's
license to reprocess SNF, because the enterprise was
continuing to dump liquid nuclear waste formed during
technological processes into the environment. In the
spring of 2003, the license was extended, but on the
condition that over the next few years the production
technology be changed so that radioactive waste would
not be dumped into open bodies of water. The cost of
such modernisation has yet to be determined, although
it is obvious that it will total several billion dollars, which
Rosenergoatom -- as Mayak's main client -- is not prepared to pay.342

The cost of reprocessing Russian SNF is unknown:
Mayak representatives cite the contract-basis nature of the
work and the absence of unified tariffs.This raises doubts
over the enterprises' preparedness to manage nuclear
materials transparently, as stipulated by liability guidelines
in the Paris and Vienna Conventions -- neither of which,
in any case, has Russia signed. Since European SNF
reprocessing enterprises emphasise in every way possible
how open they are to society, a similar position from
Mayak would indirectly confirm suspicions of abuses
connected to the organization of the sham to import
20,000 tonnes of SNF into Russia for $20 billion (the

4.3.6. Decommissioning and Dismantling of
NPP Reactor Blocs
NPP reactors have a service life of 30-40 years, after
which they should be shut down, decommissioned, dismantled, and the territory re-cultivated as a green area.
Meanwhile, the service life of several reactors in the
United States has been extended. Minatom managers
liked the idea of extending the working life of NPPs'

337 "Konsertsiya RF obrasheniyu c plutoniem vysvobozhyonnynikh v khode
yadernogo razoruzheniya."
338 "Analiz organizatsii I efffektivnost rabot po vypolneniyu deistbuyushchikh
mezhdunarodnikhsoglashenii Rosskiikoi Federatsii, svyazannikh s vvozom,
khraneniem I pererabotkoi obluchyonnogo yadernogo topliva (OYaT)
zarubezhnikh yadernikh reaktorov" Project prepared for the Government of the
Russian Federation in fulfillment of the request of the president of the Russsian
federation, No. Pr.-251, dated 14.02.2002.
339 Levchenko, N. "Tri "E" kotoriye vsekh volnuyut; energetika, ekonomika, ekologia,"
Nuclear Energy Bulletin, August, 2001.

340 "Analiz organizatsii I efffektivnost rabot po vypolneniyu deistbuyushchikh
mezhdunarodnikhsoglashenii Rosskiickoi Federatsii, svyazannikh s vvozom,
khraneniem I pererabotkoi obluchyonnogo yadernogo topliva (OYaT)
zarubezhnikh yadernikh reaktorov" Project prepared for the Government of the
Russian Federation in fulfillment of the request of the president of the Russsian
federation, No. Pr.-251, dated 14.02.2002.
341 Levchenko, N. "Tri "E" kotoriye vsekh volnuyut; energetika, ekonomika,
ekologia," Nuclear Energy Bulletin, August, 2001.
342 "Konsertsiya RF obrasheniyu c plutoniem vysvobozhyonnynikh v khode
yadernogo razoruzheniya."
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reactor blocs beyond their engineered service life, despite
the lower safety levels of Russian reactors compared to
those of foreign reactors (as Western nuclear experts
have pointed out to their Russian colleagues on more
than one occasion). Regardless of whether the life span
of these reactors is extended, energy producing reactors
with a total power output of ppproximately 6.8 gigawatts are stated to go offline by 2020.343
Different sources give different estimates of the cost of
dismantling a nuclear reactor, but most experts put it at
around 10-30 percent of the cost of building a new reactor bloc. It is also obvious that the longer the reactor
works, the more funding it will take to decommission it.
This means that the cost of decommissioning reactors
that have a longer service life is higher. If the cost of constructing a 1 giga-watt reactor totals $1 billion (30 billion
roubles), then the cost of recycling it will be $100-300
million.Taking an average cost of $200 million, this means
that Russia will have to spend $1.6 billion (48 billion roubles,
or 32 billion roubles per year) on these purposes over
the next 15 years-assuming that no accidents happen at
any of the country's NPPs.
At the same time, according to the Russian Government's
Decree No. 68 dated January 30, 2002, "On the Rules
for Funding Allocations by Operating Organisations to
Form Reserves for Guaranteeing the Safety of NPPs at
all Stages of Their Life-cycle and Development," allocations
for dismantling an NPP should not exceed 1.3 percent
of Rosenergoatom's income, or 650 million roubles per
year.344 In other words, only 20 percent of what needs to
be spent on decommissioning reactors that have come
to the end of their service life. Incidentally, according to
the Russian Presidential Audit Chamber, no appropriate
fund has been set up and no allocations made for dismantling of NPPs.345
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for the population of the said zones; these costs should
be up to 10 percent of the capital investment allocated
for the construction of production establishments".
This Decree has not been fulfilled in the case of those few
nuclear-energy plants that have been under construction
in recent years. For example, by curtailing its social-construction programme during construction of the Volgodonsk
NPP in Rostov Region, Rosenergoatom failed to fulfil its
obligations in the sphere of social construction to the
tune of 233 million roubles in 2001 alone.346
4.3.8. Full-Value Insurance of Nuclear Risks -The Existence Condition of NPPs
Since nuclear-industry sites entail a significant risk to the
environment and to citizens' health, practically all memberstates of the nuclear club insure the responsibility of
NPP operators. All activity in this sphere is regulated by
several international documents, of which the basic ones
are the Paris Convention of 1960 on responsibility to
third parties in the field of nuclear energy and the Vienna
Convention of 1963 (with its 1997 addendum) on civil
liability for nuclear damage.
The Paris Convention sets minimum levels of responsibility for operators equivalent to $8 million for one
nuclear incident.The Vienna Convention in the 1997 edition of the protocol sets a minimum of $300 million special drawing rights, which can with certain approximation be seen as equivalent to euros.

4.3.7. Social Benefits in the Areas Around NPPs
In countries where nuclear energy developed with state
support, but on a commercial basis, it has long been the
practice to give various benefits to residents of the areas
around NPPs. The aim of these benefits was to get the
local population to support nuclear energy.

1.The Chernobyl disaster substantially increased the
calculated risk of radiation incidents at NPPs causing
damage to third parties from one case in 1,000 years
to one case in 500 years (while simultaneously
increasing the risk of accidents in the nuclear industry
as a whole causing damage to third parties from every
10,000 years to every 4,600 years). Additionally, it
substantially damaged the reputation of the Russian
nuclear industry. Neither the USSR nor Russia ratified
the Paris or Vienna Conventions on compensation
for damages.This allowed the Soviet Union to refuse
to pay suits connected with damage caused by the
Chernobyl accident.

These benefits were only incorporated into legislation in
Russia six years after the Chernobyl disaster. According
to the Russian Government's Decree No. 763 of October
15, 1992, as economic stimuli in areas where the construction of new NPPs is planned, "estimates for the
construction of new and expansion of existing nuclear
stations should include the cost of building social establishments in project-defined zones around these stations

2. From 1997, Russia's NPPs have been insured, but on
a discounted basis: with maximum insurance defrayal
per reactor bloc of 100 million roubles ($3.3 million
dollars, against tens of millions of dollars of damages
from the Chernobyl disaster). In the immediate future
it is proposed to increase this sum 10 times over, to
$30 million for three insurance incidents per year
(the first with a liability limit to the insurer of 500

343 "Energeticheskaya Straategiya Rossii na Period do 2020 goda," confirmed bty a
decree of the Russian Federarion No 1234-r, dated August 28, 2003.
344 "Ob utverzhdenii pravil otchisleniya ekspluatiruyushimi organami sredstvo dlya
formirivaniya rezervov, prednaznachennikh dlya obespecheniya bezopaasnosti
atomnikh stantsiii na vsyekh stadiyakh ikh khizennogo tsikla I razbitiya,"Resolution
of the Government of the Russian Federation No 68, dated January 30, 2002.

345 Beskhmelitzyn, M.I., "Report on the state of the nuclear power industry, its
influence the federal budget, federal spending on the programme 'Fuel and
Energy' between 1999 and 2000, as well as the construction of the Kursk NPP
and the Kalinin NPP," Presidential Audit Chamber, Report #4(52), Moscow,
2002.
346 "Proekt postanovleniya zakonodatelnogo sobraniya Rosstovskoi Obasti."
Minutes of the Rostov Regional Legislative Asembly from March 20, 2003.

The Chernobyl Nuclear Power plant after the disastrous accident of April, 1986. Photo: ITAR-TASS
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A local from the Zheleznogorsk
region in Siberia.
Photo Nils Bøhmer/Bellona

million roubles, the second with a limit of 300 million,
and the third with a limit of 100 million). Insurance
companies keep the cost of the insurance premiums
a secret, but expert estimates put them at 10 percent
for contemporary Russia, and, practically speaking,
they total less than 1 percent of total insurance
coverage.This means that the yearly cost of insuring
a working reactor totals $300,000, giving a total of
$9 million (270 million roubles).
Here we will not discuss the obvious inadequacy -- based
on past experience -- of this maximum insurance coverage.
But even in such reduced amounts NPP operators' liability
places an additional burden on the cost price of a nuclear
kilowatt (and correspondingly on the tariff). We have
been unable to find information on whether these
expenses are included in the tariff, which means they
probably are.
4.3.9. New Reactors at the Population's Expense
Despite all of the financial difficulties facing it, the nuclear
industry and its energy affiliate -- the Rosenergoatom
company -- are putting together plans for the further

development of nuclear electric energy.The overall cost
of the nuclear scientists' programme for the development of nuclear electric energy should be $36.5 billion
in the period until 2020 ($1.5-2 billion per year),347 although the immediate plans are much more modest. For
example, it is planned to build the first floating NPP and
complete -- actually build from scratch -- the South Urals
NPP (SUNPP). Clearly, this will have to be done using
state budget funding, as investors are showing no interests in developing an unpromising sector of the power
industry.
According to former Deputy Atomic Energy Minister
Vladimir Govorukhin, who handles work with state bodies
and the nuclear industry's information policy, construction
of the floating NPP alone will entail obtaining $50 million
(1.5 billion roubles) from the state budget.348 Construction
of one reactor block of the SUNPP will need about $1
billion (30 billion roubles). If these expenses are spread
over five years for the floating NPP and 10 years for the
SUNPP reactor block, the additional load on the federal
budget will be of the order of 3.3 billion roubles per
year.
347 "Strategiya razvitiya atomnoi energetiki v pervoi poloviniye XXI veka,"
Goverment decree of May, 2000.
348 "Minatom Planiruyet…" Vremya Novostei, October 9, 2003.
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As to the infrastructure needed for a floating NPP, operating
and protecting such a power station will require a small
town with a population of 10,000-15,000. Everything is
much simpler with the SUNPP, as it is located within the
Mayak Chemical Combine's sphere of influence -- and,
according to the nuclear industry's administration, the
SUNPP is being created exclusively to deal with the consequences of accidents that have happened at Mayak -so the personnel, builders and their families can live in
Ozersk, Mayak's hometown. Of course, they will need
additional housing, which will need financing, but the sums
involved will not be as large as they would be to build
everything from scratch.
At the present time -- before construction starts on the
described sites -- some 6,000 atomic-energy sector workers are in need of improved living conditions. From 600
million to 1 billion roubles per year are needed to solve
this problem According to Rosenergoatom Deputy
Director Vladimir Yelisetyev, there are five sources of possible funding for the social sphere, among which the concern's own resources are seen as "more possible than
realistic."349 This means that Rosenergoatom does not
plan to include spending on improving the living conditions of its employees in the cost price of a nuclear kilowatt, counting on budget funds.
4.3.10.The Nuclear Industry's Search for
Investors
Spending on the nuclear fuel cycle -- the full cost of nuclear
fuel, the full cost of SNF storage, the construction of permanent repositories (of which Russian has none) and
temporary storage facilities for SNF and nuclear waste,
operating costs for waste repositories for a century, and
so on -- comprises most of the spending on nuclear
electric energy that is not included in the tariff for the
energy. Potential investors interested in being involved in
the privatisation of nuclear electric energy or in investing
their own funds into it must understand that nuclear
energy is not just about generating capacity but also
about financing the obligations facing nuclear-fuel cycle
enterprises and the population.
A situation is possible wherein the state divests itself of
the responsibility for financing nuclear-power cycle
enterprises as a result of a drop in the price of oil and
the need to reduce federal budget spending as much as
possible. In such a case investors would have to pay market prices for the services of state nuclear-fuel-cycle
enterprises, which they do not now have to do.
Another important detail is that the nuclear energy sector will soon be forced to search for new forms of fuel
349 Kondratkova, "V sotsialnoi sfere nyet melochei," Atom-Press No. 27, Moscow,
July 2003.

given the imminent depletion of cheap uranium reserves
and the attendant rapid growth in the cost of raw uranium. As a result, according to the "Russian Federation
Concept for Managing Plutonium Released During
Nuclear Disarmament" developed by Minatom, plutonium-based fuel (MOX fuel) should be used. Also according to the Concept, during the changeover to plutonium fuel, the nuclear-energy sector will become less
competitive: "The use of plutonium in Russia's nuclearpower sector at present will be costly and will not pay
for itself over the next few decades."
From the point of view of the nuclear industry's management, one source of likely funding for the construction of new NPPs is income from the gas sector and
increased exports of gas. In other words, Russia is building NPPs to produce electric power from nuclear fuel
instead of gas, while selling gas to countries that have
declined to develop nuclear power, and using the money
received to build new NPPs.
In the immediate future, the nuclear industry will make
every effort to find investors who are prepared to put
resources into an economically inefficient sector. "All of
these funding options are realistic, if the government and
then the Duma can be convinced of the necessity of such
steps and the necessity to create the corresponding normative and legal basis for them.This is the core of state
support for the Russian nuclear-power industry in the new
economic conditions. And Minatom's task is, together
with independent experts, to show the efficiency and profitability to the government of the economy following
this path."350
During the campaign to import foreign SNF-which is
obviously not justified economically nuclear scientists
demonstrated their ability to convince members of the
government and lawmakers of the importance of their
schemes to the government. As such, it is entirely likely
that they will be able to do so again now.

4.4. Economic Implications of
Operating Nuclear Industry Sites:
The Cost of Remediation of the
Contaminated Territory.
To this day, specialists have not discussed the problems
of decommissioning nuclear installations, remediation of
radioactively-contaminated territories and the economic
side of these processes. In all probability, this is due to
the absence of experienced economists in the nuclear
industry, as noted by former heads of the nuclear sector.
350 Ibid.
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Table 41 Amount of money needed for decommissioning, remediation and repositories.
Probably the only exception to this is the dismatlement of
nuclear submarines, which have recently been the subject of fairly detailed and professional study, for the simple reason that Russia could as part of the Global
Partnership initiative be the recipient of funds from the
Group of Eight industrialised nations, or G-8-funds, that
would be comparable with the income from the scheme
proposed by Minatom's previous management to import
foreign SNF for storage and reprocessing.(For full details
on the Global Partnership, see Chapter 3.) It turns out
that if the funds necessary to solve Russia's nuclear legacy are computed honestly, and if they are used as they
should be, then this would ease relations with sponsors
and speed up the process of obtaining aid from abroad.
City and Region

Amount of money needed
for decommissioning,
reclamation and
repository needs

Moscow city and
Region

$246 million

Obnisk in the Kaluga
Region

$131 million

Dmitrograd in the
Ulyanovsk Region

$112 million

St. Petersburg in the
Leningrad Region

$92 million

Sarov in the Nizhny
Novgorod Region

$17 million

Table 43 Amount needed for reclamation, storage, and
modernization in different regions and cities.

Meanwhile, the search for objective data on the economic implications of the operation of Russian nuclear
installations and the remediation of radioactively-contaminated territory has to the present day been extremely
difficult. Precisely for this reason, in preparing this report
we were obliged to rely on the small amount of data
that have been published and the one sufficiently detailed expert estimate of the costs necessary to solve the
top-priority problems in this sphere.
In 2001, Minatom's Administration for Decommissioning
Nuclear Installations prepared a short report listing
installations in 40 regions of Russian which were in urgent
need of money to reclaim and re-cultivate areas and sites
contaminated by the activity of the nuclear industry, to
store radioactive waste, and so on.The total cost of the
proposed measures came to $5.81 billion (see Table 1 in
section 1.2.2.6). For the purposes of comparison,
Minatom's previous administration put the cost of constructing the RT-2 Facility at Zheleznogorsk's MCC for
SNF processing at $2 billion, and Minatom enterprises'
exports in 2002 totalled $2.6 billion.351
4.4.1. Systematising the Nuclear Industry's
Legacy and its Decommisssioning,
Remediation and Depository Needs
At present, the main regions in need of the largest
amounts of financing are areas in which nuclear submarines
are built, based, repaired or scrapped (data rounded up
to the nearest $1 million and are shown in Table 41.
351 Rumyantsev, A.Y., "Itogi i perpektivi, Report at the Minatom Collegium,"
Rosenergoatom, #4, 2003.
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Table 42 Amount of money needed for decommissioning, remediation and repositories.
Next come regions that used to produce components
for nuclear weapons (primarily plutonium, uranium and
tritium) and which need the following amounts of financial aid, as seen in Table 42
Then come towns that are homes to the nuclear industry's primary scientific-research or experimental bases,
as well as large industries that pose radiation hazards, as
seen in Table 43 (previous page).
The list is rounded out by regions that need funding to
deal with the consequences of civilian nuclear explosions;
to decontaminate oil- and gas-extraction equipment
polluted by natural radionuclides and the storage of
nuclear waste; to modernize Radon enterprises involved
in temporary storage of radioactive waste; and to remediate territory containing uranium ore, nuclear test facilities and nuclear fuel cycle facilities, as shown in Table 44.
In addition, the Bryansk Region, some 400 kilometers
west by southwest of Moscow needs $12 million to deal
with the consequences of the Chernobyl disaster.
The above list was drawn up without taking into account
the spending necessary in all of the regions of the
Russian Federation for the following work:
• Reclaiming and storing exhausted sources of ionising
radiation;
• Decommissioning and dismantlement of radioisotope

City and Region

Amount needed for
remediation, storage,
and modernization

Perm
Orenburg
Astrakhan
Sakha-Yakutia
Sverdlovsk
Penza
Chita
Bashkortostan
Chechnya
Irkutsk
Novosibirsk
Khanty-Mansiisk
Autonomous Region

$110 million
$12 million
$11 million
$10 million
$9 million
$9 million
$8 million
$6 million
$6 million
$6 million
$6 million
$5 million

Tatarstan
Stavropol
Udmurtiya
Altai
Khabarovsk
Kirov
Volgograd
Saratov
Krasnodar
Ivanov
Rostov
Samara

$5
$5
$4
$4
$4
$3
$2
$2
$1
$1
$1
$1

million
million
million
million
million
million
million
million
million
million
million
million

Table 44 Amount needed for reclamation, storage, and
modernization in different regions and cities.
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thermoelectric generators (RTGs);
• Creation of regional depositories for storage of
radioactive waste.
4.4.2. Possible Sources of Funding
Despite efforts by nuclear industry enterprises to introduce economically sound commercial activity, almost
nothing has been done using the funds obtained to
overcome the problems caused by the decades-long
existence of the nuclear industry. In other words, the
nuclear industry has proved not to be an independent
economic entity. As such, experts place their main hopes
on Russian federal budget funding and international aid.
As far as federal budget funding is concerned, no funds
were allocated in 2004 to deal with the consequences
of the nuclear industry's lapses.The section of the federal
budget devoted to the nuclear industry's expenditure
includes a section entitled "Decommissioning and
Destroying Weapons, Including Fulfillment of International
Agreements," which is allocated 4.16 billion roubles (about
$135 million). All of this expenditure (excluding a few
percent for inspections and R&D for the purpose of
destroying weapons) should be laid out as part of implementing international agreements. Incidentally, the nuclear
industry specialists admit that two or three times more
funding is needed for full-value implementation of the
necessary work.
Foreign aid for dealing with the consequences of the existence of the nuclear industry is allocated in limited
amounts. Accounting for the earmarked funds is difficult
for various reasons, one of which is corruption among
the management of the atomic industry. According to
the Russian presidential Audit Chamber, in 1998 to 2000
foreign aid to Minatom enterprises totalled $270 million
(8.1 billion roubles) just for work connected with waste
management.True, it is impossible to say for certain how
these funds were spend and what part of them went to
waste management because no accounting is done of
extra-budgetary funds (in roubles and foreign currency)
obtained through various organisations to implement
the former Minatom's Waste-Management Programme,
and these funds are not reflected in the balance sheets.352
Another reason is the existence of agreements between
foreign contractors and the nuclear industry only to provide information on funding volumes and the purposes
for which money is spent with the nuclear industry's
permission.
Since 2002, the situation regarding foreign aid has gradually begun to change. As part of the Global Partnership
352 "Handling Radioactive Waste and Spent Nuclear Materials and Their
Decommissioning and Disposal for 1996-2005:Project Funding and Performance
Inspection," Federal goal-oriented program, ,The Bulletin of the Audit Chamber
of the Russian Federation #3 (51), Moscow, 2002.
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programme the G-8 has begun to increase its financial
aid to Russia. According to the G-8's accord reached in
Kanasaskiss, Canada in 2002, the overall value of international aid for nuclear and chemical disarmament should
total $20 billion dollars in the next 10 years, to be given
by donor countries in the following proportions as seen
in table 45 (figures stated are in Euros unless noted
otherwise -- see Chapter 3 for a full discussion of the
Global Partnership programme):
Country

Amount pledged under
the Global Partnership
programme

United States
Canada
Germany
Italy
France
United Kingdom
Japan
European Union
Russia

$10 billion
1 billion Canadian dollars
€1.5 billion
€1 billion
€750 million
$750 million
$200 million
€1 billion
$2 billion

Table 45 Amount pledged from different sources under
the Global Partnership programme.
Aid is also expected from Poland, Switzerland, Norway,
Sweden and the Netherlands, but the volumes have yet
to be decided.
To date, funding to reduce the danger of Russian nuclear industry establishments, nuclear weapons and delivery systems for them has come primarily from the United
States, but also from Norway, Finland and the European
Union. These funds are predominantly aimed to reduce
the dangers arising from Russia's nuclear weapons and
nuclear-energy installations.

Chapter 5
Conclusion

Conclusion
The collapse of the Soviet Union left the inheritance of
the Soviet nuclear infrastructure on Russia's doorstep. It
was a dubious legacy fraught with radioactive dangers,
proliferation hazards, outmoded technologies, pathological secrecy, monolithic and unaccountable governmental
structures, abounding waste problems and debts.
The Russian nuclear fuel cycle is laden with environmental
challenges from uranium tailing, to the mining industry to
liquid radioactive waste from the reprocessing, to spent
nuclear fuel (SNF) from nuclear power plants and nuclear
submarines, to the lack of effective and safe SNF storage
sites, to the aging reactors that pump out its energy. All
of these things are ecological disasters in waiting.
Among the industry's most pressing problems are its
closed nuclear fuel cycle based on fuel reprocessing, its
three still-operating plutonium-producing reactors and
its push for the MOX programme to be realised with
foreign money.
Russia inherited this structure without re-evaluating its
polices and development. Governmental shake-ups in the
spring and summer of 2004 may address some of these
issues, but the enormous Cold War infrastructure
remains largely unreformed.

The rusted tail fin
of the K-159.
Photo: www.ksf.ru/
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Closed fuel cycle proven to be unprofitable, but
nuclear industry banks on it for future survival.
The main reason that Russia -- and a mere handful of
other countries -- rely on this environmentally dangerous
and proliferation-friendly system is based on outmoded
assumptions from the 1970s that natural uranium prices
would skyrocket, and thus a plan involving plutonium based
fuel needed to keep the industry in place. The United
Kingdom (U.K.) and France reprocess, but both countries,
even with their well-developed infrastructures, have found
reprocessing to be unprofitable.This is because later findings indicated that natural uranium stocks would last
until late in the 21st century.
Russia envisions a future fuel economy based on plutonium
and has clung to the notion of reprocessing, rather than
storing, SNF for several reasons, which are described below.
Uranium inherited from the Cold War keeps
Russia's nuclear infrastructure alive, but it is a
finite source.
The break up of the Soviet Union left Russia with 1,200 to
1,300 tonnes of highly enriched uranium (HEU), which
can be down-blended to low enriched uranium (LEU)
for use in reactors. Five hundred tonnes of these Russian
stockpiles are promised in LEU form to the United States

in the U.S.-Russian HEU-LEU agreement. In return Russia
not only gets cash, but also receives a portion of the low
enriched uranium.
This supply is free reactor fuel for Russia because the
Soviet Union paid for its production. But it is also a finite
supply, and most of the Former Soviet Union's natural
uranium came from its former republics. By all indications,
Russia plans to continue its closed nuclear fuel cycle, which
would, in the future, be based on plutonium -- a product
of SNF reprocessing.
Russia's nuclear industry as a whole manages to survive
by using this cost-free uranium fuel left over from its Cold
War stocks while ignoring in its electricity tariffs the
expenses required to cover the full management of SNF
and radioactive waste (see Chapter 4).
With the inevitable depletion of uranium stocks,
Russia's nuclear industry is attempting to
develop plutonium-run breeder reactors.
With the eventual depletion of Russia's inherited highlyenriched uranium reserves, its nuclear industry is trying
to develop breeder reactors, which both run on and
produce plutonium. Breeders remain technically difficult
to realize, and those labs within the nuclear industry that
are drafting plans for them are becoming financial
money-pits.
Nonetheless, the discussion of breeders -- particularly
Russia's BREST reactor -- continues at high levels. In 2000,
at the Millennium Summit, President Vladimir Putin made
reference to developments by Russian scientists that
would guarantee adherence to the regime of non-proliferation of nuclear materials while supplying steady energy
development for the world. It was a clear reference to
the BREST project. Rosatom, in its current form, has not
abandoned the BREST project. This follows from
Rosatom's plans until 2007, where it is stated that
Rosatom will continue the "development of innovative
reactors based on the fast neutron [breeder] scheme
with various types of thermal media."353
The development of breeders is closely linked
to the plan to import foreign spent nuclear
fuel to Russia.
Other initiatives promoted by the nuclear lobby and
supported by president Vladimir Putin, include the import
of spent nuclear fuel from abroad for reprocessing/storage
in Russia.This project is directly connected to the BREST
project because it is precisely from this foreign spent
nuclear fuel that the Russian nuclear industry assumes it
can extract energy-grade plutonium.

The import project caused an unpleasant oppositional
stir among the Russian population-90 percent of the
population, according to various polls, were against it.
Despite this, President Vladimir Putin signed the legislation
necessary for its fulfilment in 2001.The economic composition of this project is described in Chapter 4 -- and it
does not hold up to scrutiny.
The breeder plan and the spent nuclear fuel
import scheme are the products of Russia's
flawed political system.
Politically speaking, the BREST plan and the spent nuclear
fuel import scheme are the products of Russia's flawed
political system in which open democratic discussion of
such projects among independent experts and the
population at large are replaced by whoever is closest to
the president's ear. Nuclear policy is therefore decided
by a narrow group of individuals.
In 2004, a bureaucratic reform of the nuclear industry took
place. Minatom was reformed into the Rosatom agency,
which has the functions of an executive structure and
has no influence on the political sphere of the nuclear
industry. It was hoped that this reform applies to many
unreformed enterprises in the nuclear industry, and that
a re-evaluations of Minatom's previously announced
concepts will occur, particularly with regard to its fundamental notion of a "closed fuel nuclear cycle."
Unfortunately, no significant movement in this area has
been registered so far, because RT-1's modernisation, the
development of the BREST reactor project, and importation of foreign spent nuclear fuel have the backing of
the Russian government.
National and international nuclear security and
nuclear remediation programmes contribute to
the survival of Soviet nuclear infrastructure.
Since the Soviet Union's fall, both international and domestic inroads have been made into securing Russia's vast
stockpiles of nuclear weapons and the radioactive waste,
and into getting the industry's vast infrastructure under
control. Nonetheless, nations that donate money to Russia
for nuclear remediation projects are specifically involved
in supporting this hazardous and unprofitable system.
The HEU-LEU programme in particular puts millions of
dollars into the Russian nuclear industry's coffers, helping
it to survive in its current state.The Russian beneficiaries
of this programme are nuclear companies and plants
that work with down-blending HEU and fabricating fresh
nuclear fuel.The Mayak Chemical Combine -- though to
a lesser degree -- also stands to benefit from HEU-LEU
cash today and in the future because Rosatom plans to

353 Minatom.Ru, July 30, 2004.
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subsidise upgrades at Mayak's RT-1 -- Russia's single
reprocessing plant -- with funding garnered from the
HEU-LEU agreement.
Additionally, the U.S. supported Cooperative Threat
Reduction (CTR) programme -- which, over the past
dozen years has done more than any other programme
to secure Russia's nuclear dangers -- has been, despite
stated U.S. policy against a closed nuclear fuel cycle, forced
to support reprocessing of the fuel unloaded from a
small number of ballistic missile submarines.
Likewise, 30 percent of money that Russia itself invests
in submarine dismantlement projects is eaten by nuclear
fuel reprocessing.
There are numerous other examples of the Russian
nuclear industry using domestic and international nuclear
security upgrade and dismantlement funding to support
its infrastructure instead of using that money for its
intended purpose.
The extension of nuclear power plants' engineered life-spans is dangerous practice, sponsored
by western donors, and a sign of crisis in nuclear
industry.
As for nuclear power plant reactors that are currently
operating in Russia, one can observe a dangerous practice
called "extending resources" of their reactor units. The
reactor units currently chosen for extensions of their
engineered life-spans are the most failure-prone in
Europe -- among them are the first two reactor blocks
of the Kola NPP and the first two of the Leningrad NPP.
These reactors (those at the LNPP are of the
Chernobyl-style RBMK design) have engineering defects
that cannot be remedied by what the Russian nuclear
industry calls "a complex of measures to extend the
resource." Russian nuclear regulators recognised in the
early 1990s the need to shut down the two reactors at
Kola by gradually reducing their capacities for safety
reasons.354 Today, these reactors have been granted a 10
to 15 year extension to their engineered life-spans.
Western nations contributed to these practices by financing the safety level upgrade of these reactor units in the
hope that they would be closed down by the time their
engineered lifespan of 30 years expires. In an additional
contribution, Europe continues to buy electricity produced
by these reactors, thus supporting this risky practice.
Recommendations for Action
Russia's nuclear industry is promoting a course of action
that compromises the safety of society at large, and it
354 Bøhmer, N., et al, "The Arctic Nuclear Challenge," Bellona Foundation Report
No. 3, 2001.
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pursues this course as a method of ensuring its survival.
The industry, therefore, finds itself in a critical situation.
Thanks to this critical situation, the industry receives
money from the west and from the Russian federal
government, which is often misspent on keeping the
unnecessary infrastructure alive. Here are some vital
suggestions, which must be considered immediately,
both by the Russian nuclear industry and donors to its
security:
• Risk assessment: We recommend that nuclear
cleanup projects, both foreign and domestically
funded, undergo rigorous independent expert risk
assessments before they are even begun.
A prime example of this is the sinking of the K-159 on
August 30, 2003. The derelict, rusted out nuclear submarine was being towed to a dismantlement point with
the aid of equally rusty pontoons to help keep it afloat.
When the convoy ran into heavy weather, the submarine
sank in 240 meters of water off the Kola Peninsula, taking
with it nine of the 10 crew members aboard and 800
kilograms of spent uranium fuel.The K-159 dismantlement
project was not a western-funded project, but it nonetheless forced western donors, especially Norway, to do
some hard re-evaluations of how their programme funding
was being handled. In June of that same year, Norway had
allocated €10 million for the transportation, de-fuelling
and destruction of two decommissioned Victor class submarines.These submarines were towed to the dismantlement points the same way as the K-159 had been.
If a thorough review process -- by the Norwegians, in the
case of the Victors, and by Russian officials in the K-159
case -- had been undertaken before the submarines were
moved, it would have revealed the danger of such a
practice.
• Need for independent nuclear regulatory
organisation: Russia needs truly independent nuclear
regulation with a mandate to carry out independent
expert assessments of all nuclear related activities in
Russia.
It is unclear what will happen within the newly formed
Federal Service for Environment, Technological and
Atomic Oversight (FSETAN) in which the remnant of
the previous Russian nuclear regulator now finds itself.
FSETAN has higher bureaucratic status than Rosatom, as
noted in Chapter 1. But this is still no guarantee that this
new regulatory body will have the independence and
biting teeth that true independent and transparent
nuclear regulation in Russia requires. Nuclear oversight is

The pontoons used to
secure the buoyancy of
the K-159 submarine.
Photo: www.ksf.ru/

only part of the FSETAN's portfolio, and crucial issues of
nuclear safety may take a back seat to the other regulation issues.
The creation of a totally open nuclear regulatory structure in Russia may, therefore, have to be created from
scratch.What existed in the days of GAN -- when nuclear regulation was whittled down to almost nothing by
Minatom -- and the unclear situation that exists now
should not and cannot be accepted by international
donors or Russian nuclear remediation project designers. Open nuclear regulation and transparent independent expert analysis goes hand in hand with proper risk
assessment. International partners should actively support a working structure for an independent nuclear
regulatory body and expert independent evaluations.
• The need for transparency: In addition to a
strong nuclear regulatory organisation, there is a need
for transparency in carrying out nuclear remediation
projects.This transparency should include an open
discussion of the coming projects by both independent experts and public.There is a law in Russia "On
Public Expert Evaluation," which allows expert evaluation of environmentally dangerous projects to be
carried out by nongovernmental experts.This practice should be developed further.

The project to stop Russia's last three weapons-grade
producing reactors has not been completed.The reason
for this, in Bellona's opinion, lies in the fact that the programme was not sufficiently transparent. In the beginning,
it was suggested that core conversion would be used to
stop the production of weapons-grade plutonium. At the
same time, neither project managers from the American
side -- which was financing the project -- nor from the
Russia side paid any attention to experts, including Russia's
nuclear regulatory organisation, which, had since the project's inception, argued against it.The plan, they said, was
simply too dangerous from a nuclear safety point of view.
• International Coordination: Because of the now
vast amounts of funding available, it will be necessary
to establish an international oversight body that
would encompass the leadership of donating countries and organizations to prioritise those nuclear remediation projects in Russia that need the most immediate attention. Bellona believes such body should be
established on the foundation of one of the existing
coordination structures.
This body would also oversee the accounting of pledges
made by these countries. For instance, it still remains
unclear in many cases what countries of the G-8 -- when
making their $20 billion pledge of 2001 for nuclear
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The crew onboard the K-159
just hours before it went on it
final voyage in August 2003.
Photo: www.ksf.ru/

remediation projects over the next 10 years -- had in
mind. In some cases, countries have counted money they
have already spent in various bilateral agreements with
Russia toward their G-8 pledges. Others have openly
declared that their pledges are fresh funds, regardless of
what they have spent in the past. In order that the international donor community knows how much it has at its
disposal for various projects, an international coordinating structure to account for these programmes and
their costs must be in place.
• Audits: Open and transparent cash flow audits of
programmes once they have gotten underway and
are eventually finished are absolutely essential to the
success of securing Russia's nuclear waste and a critical step toward developing and maintaining good
faith between the Russian nuclear industry and foreign and domestic donors.
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waste storage facilities had gone unaccounted for.355 More
recently, the Audit Chamber released a report on
Minatom's decommissioning activities between 2003
and 2004, concluding that 30 percent of Russian federal
budget money supplied for sub decommissioning is misappropriated by the Russian nuclear industry.356
A strong system of transparent audits, checks, and traces
of money from a project's beginning until its completion,
for both Russian- and western-funded programmes,
would put a damper on such potential misspending.

Russia's Presidential Audit Chamber has identified several occasions when western and domestic funds intended for nuclear dismantlement have been diverted to
other projects or simply lost.

Foreign donors must also be allowed access to the sites
they are helping dismantle and secure.This would be an
important step in removing the shroud of secrecy surrounding Russia's nuclear industry and make dealing
with Rosatom more palatable to the West. Indeed, if the
Russian nuclear industry's reputation for misspending
and, in some cases, corruption, were dispelled by regular
independent project audits and a less paranoid attitude
toward site inspection, it may find that more nations
would be willing to donate to the cause of nuclear
remediation.

The Audit Chamber pointed out in a 2002 report that
some $270 million in U.S. and European aid meant for
security upgrades at Minatom's dilapidated radioactive

• Restructuring Russia's Internal Programmes
(Federal Target Programmes (FTPs): Assessing
the effectiveness and the budget of each Programme

355 Report by the Audit Chamber of the Russian Federation on the results of the
funding and implementation of the federal target programme "Management of
radioactive waste and spent nuclear materials, their decommissioning and
repository in 1996 to 2005," January 2002.

356 Report by the Audit Chamber of the Russian Federation on the results of an
audit into the legality and proper use of funds allocated from the federal budget
for the purpose of comprehensive decommissioning of nuclear submarines,
including the fulfilment of international contracts, in 2002 in the Ministry of
Atomic Energy of the Russian Federation and other sites.The Audit Chamber of
the Russian Federation, October 31, 2003.The report is available in English at
http://www.bellona.no/en/international/russia/navy/31937.html.

independently is virtually impossible because of their
lack of transparency. After analysing the main programmes, a group of independent experts, convened
on the initiative of the Ministry of Economic
Development and Trade concluded that many of
them are ineffective.357
The programmes should be concrete, hold to their original purpose and be result oriented. In Bellona's opinion, the specification of the tactical and strategic goals
should be described in a potential Russian Federal
Master Plan for Nuclear Remediation.
• A Russian Federal Master Plan for nuclear
remediation: The Russia Federation must develop
an independent master plan with its own goals for
nuclear remediation.
This master plan should be developed by independent
experts and organisations. The highlights of the master
plan should include the nuclear policy of the country
(such as whether it will adhere to a closed or open fuel
cycle) and the nuclear industry's tactical and strategic
goals. It should further identify the most pressing nuclear hazards in Russia for which donated money is needed.
Identification of these problems should be accomplished
with the input of independent oversight and with an eye
toward addressing the most hazardous problems and
not just those issues that will draw the most in foreign
donations and make the biggest foreign headlines.
Bellona recommends that such a structure emphasise a
number of approaches that have thus far been alien to
the Russian nuclear industry, but which -- given the trend
of restructuring -- could easily be adopted by leadership
truly interested in securing Russia's nuclear waste. The
development of such a plan would also make Russia a
partner in the process of its own environmental rehabilitation, and not just a charity case for the world to blindly shower with funding. Russia could actually begin this
process now by applying a sum of 10 percent of its currently skyrocketing oil revenues to the purposes of environmental rehabilitation and nuclear remediation in
radioactively contaminated areas. Such funding could be
applied toward Russia own $1 billion pledge within the
framework of the G-8 Global Partnership.

• Establishing a reference point from which to
work: To develop such master plan Russia should
discern a clear bottom line cost for dealing with the
Cold War legacy and the current commercial operation
of the nuclear industry. At present, no one in Russia
can clearly state how much it will cost to rid the
country of its Cold War legacy, or who should pay for
the damage being inflicted on the environment by the
current activities of the Russian nuclear industry. It is
also unclear where these issues overlap and where
they are separate.
Bellona believes it is necessary to establish a sort of
"reference point" from which Rosatom's enterprises will
start taking on their respective shares of financial
responsibility to rehabilitate the territories contaminated
by RT-1's reprocessing activities, to take fiscal responsibility for the "free" HEU left over from the Cold War, and
to fully cover financially the treatment of radioactive
waste and spent nuclear fuel. We have to start calculating the expenses and assigning the responsibility. This
must be the basis for making further decisions on whether or not to continue the operation of a particular
nuclear site.
We must also develop conclusive -- as a whole and in
particular for each area -- estimates on the cost of elimination of Russia' nuclear legacy. At this point, as we
saw in Chapter 4, Rosatom stands by its view that rehabilitating the Kola Peninsula's environment is several
times as expensive as, for instance, rehabilitating the territories around Mayak, Seversk or Zheleznogorsk. But
scratching below the surface of these problems will testify to the opposite -- and will bear witness to the fact
that Rosatom is simply aiming at making use of the favourable financial conditions created by the readiness of
donor countries to help Russia decommission its old
nuclear submarines.
In broader strokes, without reforming Russia's nuclear
infrastructure, the world cannot develop programmes
to help the Russian nuclear industry work safely and
effectively.

Russia's master plan would have to be approved at the
highest levels, from the President down to all concerned
ministries to assure full compliance. The master plan
should reflect the true political goals that the Russian
state wishes to aim for, not the agenda of a particular
agency, such as Rosatom.
357 Ministry of Economic Development of the Russian Federation,
http://www.programs-gov.ru/cgi-bin/index.cgi?action=method.
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Appendix A

Uranium mining and nuclear power plants
in the former USSR and the Eastern Europe
Author: Vladimir Kuznetsov

A.1. Uranium mining
Ukraine
Ukraine possesses approximately 100,000 tonnes of uranium ore. All of its uranium ore deposits are poor and
uranium is mined only by underground methods. At the
Eastern Mining and Conversion Combine, three uranium
deposits-Vatutinskoy, Michurinskoy and Tsentralnoye are
currently being developed.These deposits are mined by
means of very deep shafts.The uranium ore contains 0.1
percent uranium or even less. In 2000, these deposits
combined uranium output was 600 tonnes and continues
to drop.
Ukraine's overall uranium reserves are equivalent to
100,000 tonnes, 52,000 tonnes of which belong to the
second uranium cost group -- $52 to $78 per kilogram.
The average cost of the rest 48,000 tonnes is $78 to
$130 per kilogram.
Uzbekistan
Uzbekistan's overall uranium ore reserves are estimated
at 185,000 tonnes, 114,000 tonnes of which can be produced by in situ leaching. Aside from that 185,000 tonnes,
there are also under-investigated sites with up to 240,000
tonnes of uranium, 190,000 tonnes of which are of the
"sandstone" type which occurs in medium to coarsegrained sandstones deposited in a continental fluvial or
marginal marine sedimentary environment.
In Uzbekistan underground and open mining methods
ceased in 1995, and at present its uranium deposits at
Uchkuduk, Sugrala, Severny Bukinai, Yuzhny Bukinai,
Aylendy, Beshkak, Ketmenchi and Sabyrsai are worked by
the in situ leaching method.The reserves of these deposits constitute 30 percent of the overall "sandstone"
reserves in the world. In 2000, Uzbekistan's uranium output was 2,200 tonnes. All uranium from these deposits
is exported. For next five to ten years, Uzbek uranium
will be mined from the currently-worked deposits and,
due to their already considerable utilization, their annual
output will likely not exceed 2,300 tonnes. The average
cost of Uzbek uranium is low-some $34 per kilogram.
The production can be increased thanks to new deposits, such as Bakhala, Meilisai, Aktau, Lavlakan, Terekuzek,
Varadzhan, Severny Maizak, Argon and Shark.
But the development of the new deposits will need the
construction of a series of new plants with a complete
reprocessing cycle, which will require considerable
investment.
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Kazakhstan
In the 1980s, under the former Soviet Union, Kazakhstan
produced approximately 4,500-5,000 tonnes of natural
uranium a year. Four mining combines with twelve plants
produced uranium by underground mining, strip-mining
and in situ leaching. Kazakhstan's uranium reserves amount
to approximately 900,000 tonnes. Six hundred thousand
tonnes of the overall reserves can be mined by in situ
leaching.The average cost of in situ leaching of uranium
is less than $34 per kilogram.
Kazakhstan has unique deposits with hundreds of thousands of tonnes of compact uranium minablen obtainable
by in situ leaching. Among such deposits are Inkai,
Mynkuduk, and Kharasan. Since the mid 1990s, uranium
at all Kazakhi deposits has been produced exclusively by
in situ leaching. Five deposits-the Uvanas, Vostochny
Mynkuduk, Kanzhugan, Severny Karamurun and Yuzhny
Karamurun sites-annually produce a combined total of
2,000 tonnes.Their total uranium reserves equal 80,000
tonnes. Kazatomprom engages in uranium mining for the
Kameko and Cogema joint-ventures at some sites of the
Inkai and Moinkum deposits. The identified reserves of
Inkai and Minkum hold 200,000 tonnes, with an average
cost of uranium approximately at $34 per kilogram.
Enormous uranium reserves and a variety of production
methods allow Kazakhstan to occupy a solid position at
the world market. But recent adverse market trends have
forced Kazakhstan to reconsider the development of its
untapped deposits. For instance, the development of the
Irkol deposit and the central part of the Moinkum deposit had to be halted. At present the development of the
Inkai and Moinkum deposits by local combines is affordable only on an experiment basis. By 2010, Kazakhstan's
total annual output may reach the following uranium
average cost in table 46 below.
Actual cost
category

$/kilogram Production volume
of uranium in 2010 in tonnes

Low
<34
Average group 1 34-52
Average group 2 52-78
High
78-130
Total

264,00
111,00
800
38,300

Table 46 Kazakhstan's production volumes through 2010
and actual uranium cost categories.
OAO Ulbinsk Metallurgical Plant (UMP)
(Ust-Kamenogorsk, Kazakhstan).

This plant was built in 1949, and originally specialised in
uranium metallurgy. Formerly, the facility produced highly
enriched uranium alloys with beryllium as fuel for naval
reactors. However, the facility's main task was providing

support-in the form of metallic beryllium products-for the
Soviet nuclear and aerospace industries. Since 1976, the
facility has been based on production of uranium dioxide
powder and fuel pellets for VVER and RBMK-type reactors.
At present, the centre consists of the following basic facilities:
• A beryllium facility, which produces metallic beryllium;
alloys, ceramics and processed beryllium products;
• A tantalum and superconductor facility, producing
tantalum products and high-quality electronic and
superconducting equipment;
• A nuclear fuel production facility, including two production lines for nuclear fuel for RBMK and VVER reactors.
The facility receives enriched uranium hexafluoride
from the Angarsk Electrolysis Chemical Centre Federal
State Unitary Enterprise, and restores it into uranium
dioxide in powder form, which is then granulated in

the presence of organic astringents and compacted
into tablet form and baked.The pellets are sent for
production of fuel rods and fuel-production assemblies to Elektrostal, which uses VVER-400 and RBMK1000-type reactors, and to Novosibirsk for the
VVER-1000 in operation there.The factory produces
2,650 tonnes of fuel per year.
The technology currently in use at UMF supports production of uranium dioxide powder and fuel pellets for
nuclear power plants, not only from uranium hexafluoride
with a U-235 content of 4.95 percent, but also from uranium oxides, uranium salts, uranium tetrafluoride, uranium
ore concentrates, metallic uranium, various forms of uranium-containing scrap, incineration residue, and insoluble
sediments, including those that contain flammable absorbents, such as gadolinium and erbium, which are more
difficult to process using normal methods.358

Country

Reactor Type

Quantity

Status

Armenia
Bulgaria

VVER-440
VVER-440

2
4

VVER -1000
VVER -440
VVER -1000
VVER -440
VVER -70
VVER -440
VVER -440
BN-350
RBMK-1500
CANDU-600

2
4
2
2
1
5
4
1
2
1
3
2
11
1
1
4
2
6
7
3
2
1
6
1
4
2
10
2

One unit shut down
Operating (2 units are planed to be shut
down in 2003 2003 and two units in 2006)
Operating
Operating
Under reconstruction
In total there are four units in Finland
All six units are being dismantled.

Czech Republic
Finland
Former East
Germany
Hungary
Kazakhstan
Lithuania
Romania
Russia

Slovakia
Slovenia
Ukraine

AMB-100,200
RBMK -1000
RBMK -1000
BN-600
EGP-6
VVER -210,365
VVER -440
VVER -1000
VVER -1000
BN-800
?-1 (HWGCR)
VVER-440
PWR by Westinghouse
RBMK -1000
VVER -440
VVER -1000
VVER -1000

Operating
Shutdown and unloaded
Operating
Operating
Under construction
Being decommissioned
Operating
Under construction
Operating, fast neutron reactor
Small graphite moderated reactor
Being dismantled
Operating
Operating
Under construction
Operating, fast neutron reactors
Being dismantled
Operating
Operating
Shut down (Chernobyl)
Operating
Operating
Under construction

Table 47 Types of reactors and their operational status in each of the former Soviet republics and satellite states that have
nuclear power plants.359
358 Based on Vladimir Kuznetsov's personal experience working at UMF
359 Ibid.
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A.2. Nuclear Power Plants and the
Quantity of SNF
In all, 79 reactors were constructed in Eastern Europe
and the former USSR, with a total power capacity of
50,000 megawatts (see table 46). By now, 16 of these
nuclear power units have been shut down or dismantled.
Six are currently being dismantled in what used to be
East Germany; One of Armenia's two reactors has been
shut down; Kazakhstan has shut down its single reactor,
and Slovakia has shut down one of its four. Eight more
Soviet-design nuclear power units in Russia, the Czech
Republic and Ukraine are either being built or dismantled. Russia is building two and dismantling two, the Czech
Republic is building 3 and Ukraine is building one and
has shut down Chernobyl (see table 2 for reactor status
and type in each of the above listed countries).360
Finland's Loviisa plant has two VVER-440 reactors at the
nuclear power station "Loviisa" in Finland, and one
Pressure Water Reactor, or PWR, unit in Slovenia supplied by the Westinghouse Corporation. Romania runs a
Canadian-designed CANDU reactor.

In early November 2001, the Zheleznogorsk Mining and
Chemical Combine received 41,511 kilograms of SNF
from VVER-1000 power unit from Bulgaria. The SNF
import contract, numbered 08843672/80011-09D, and
signed by relevant government representatives for Russia
and Bulgaria, contained numerous violations of Russian law.
Czech Republic
A storage pool at the Dukonavy nuclear power plant has
been re-designed, almost doubling its capacity.

A.2.1. Details on Reactors in Formerly Soviet
Block States or Republics

A dry storage facility is used for the storage of SNF in
so called CASTOR 440/84 casks outside the power unit.
At present this storage alternative is half full. Extending
this storage capacity by 60 more CASTOR casks of (for
600 metric tonnes of casks) is currently under discussion.The engineered lifespan of these casks is approximately 50 years.

Armenia
At present only one reactor is in operation in Armenia.
The country has no SNF reprocessing capabilities and lacks
the conditions for geologic SNF disposal.The only storage
facilities, located outside the reactor and its backup reservoir, are full. The basin outside of the decommissioned
unit 1 reactor are also full.

The construction of the storage facility began in June of
1994 and was completed in October of 1995. The first
CASTOR 440/84 casks arrived at the power plant in
November of 1995.The Dukonavy storage facility is
licensed to house up to 60 CASTOR casks. Each cask
can accommodate up to 84 fuel assemblies, or approximately 10 metric tonnes of SFAs.

At present, Framatom is implementing a project under
which a storage facility similar to the NUHOMS type will
be built for the Armenian reactor.
Bulgaria
The Kozlodui nuclear power plant has a storage facility for
600 metric tonnes of SNF. At present it is being upgraded
to the latest seismic standards.The construction of a dry
storage facility is planned but the final decision will reportedly be made only after reconstruction of the storage pool.

Finland
Owing to the special design of the Loviisa's reactor housing, its cooling pools are smaller than standard pools.
The first construction phase of Loviisa's storage pools was
completed in 1980, despite ongoing SNF transportation
to the former Soviet Union-and later to Russia through
1996.The construction of the second pool was completed
in 1984.The pool's actual capacity is 480 SFAs, equivalent
to 57.6 metric tonnes.The capacity of the second storage
facility is 1,560 SFAs, equivalent to 187.2 metric tonnes.

The construction of the Kozlodui storage facility -- proposed in 1974 as an alternative to exporting SNF to
Russia -- only got underway in 1982.They did not begin
to load the facility until 1990. The facility is a standard
Soviet-style outer storage facility designed for SNF from
VVER power units that consists of a loading unit, unloading mechanisms, and storage.

Former East Germany
The Greifswald nuclear power plant has a storage pond
similar to one at Bulgaria's Kozlodui NPP. Initially, it was decided to unload the reactors and, after preserving them, to
accommodate the entire volume of SNF in a dry storage
facility. An SNF storage design based on CASTOR casks
was chosen. At present, the storage pond is in operation.

360 Based on Vladimir Kuznetsov's personal experience working at UMF.
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The Kozlodui storage facility, however, is somewhat different from its counterparts-it is designed for a longterm storage.The Kozlodui storage site is sufficient for its
purposes for another decade. It consists of 168 casks
equivalent to 4920 fuel assemblies weighing 600 metric
tonnes from four VVER-440 reactors and two VVER1000 reactors.

Hungary
When Hungary's Paks Nuclear Power Plant was launching its first reactors from 1981 through 1987, the plant's storage pools were modified and almost doubled in
quantity. Later, in 1991 and 1993, the plant considered
further storage facility models and settled on a modular
dry storage system design by the British-based GEC
ALSTHOM Engineering Solutions, Limited, which ensured uninterrupted operation of Paks while the storage
system was being installed.

are planned. The unloading capacity of a storage pool
outside reactor should be sufficient for 10 years of temporary SNF storage. A concrete dry storage construction is also being discussed.

In 1997 the first construction phase was completed and
three SNF storage chambers were launched. The next
four chambers-which were built during the second construction phase-were ready to receive SNF in early
2000. In 1999 a third phase of construction of four more
chambers began.

Slovenia
There is only one nuclear power plant in Slovenia. Due
to the extension of the operational period of the plant,
one of its storage pools has been reconstructed, and
another one is currently being upgraded.

Kazakhstan
The only fast reactor in Kazakhstan, the BN-350, was
shut down in May of 1999. Within the framework of a
Russian-American SNF accommodation program, the
BN-350's SNF is currently put in dry cask-storage and
shipped to the Mayak Chemical Combine in Russia.
Lithuania
Lithuania's single nuclear power plant, Ignalina, operates
two RBMK-1500 reactors. Fuel assemblies from the
reactors used to be cooled in the plants BB storage pool
for at least a year and then transported to place in the
reactor buildings for dealing with radioactive material
where they were sawed in two fuel rods-two batches of
fuel with central rods, and removed cladding. After that,
the fuel rods were placed in a transportation tank with
a capacity for 102 spent fuel rods and sent to storage
pond BB.

Slovakia
The Bogunitse NPP has a storage pond similar to ones
in Bulgaria and Germany. At present the storage pond is
being reconstructed to extend its capacity from 600
metric tonnes to 1,400 metric tonnes.

Ukraine
Ukraine presently has one storage pool for the Chernobyl
Nuclear Power Plant's RMBK-1000 reactor SNF.The pool
is made to the standard RMBK-1000 specifications, design
and technology. A storage pool at the Zaparozhsk nuclear
power plant has recently been put into operation.
The construction of SNF storage facilities outside reactors is under consideration for all Ukraine's power
plants.361

A temporary facility for CASTOR casks both for SNF
transportation and storage has been built. Packaging of
spent fuel assemblies took place in the storage pool
before it was loaded in casks and transported to dry
storage. Damaged fuel assemblies were not kept in dry
storage at the Ignalina plant.
The multi-phase construction of a dry storage unit at
Ignalina is planned. Seventy-two casks are to be built
during the first phase. More containers will be manufactured when required.The Ignalina plant has applied for a
license for more of the CASTOR dry storage casks.
Romania
There is one CANDU nuclear power unit operating in
Romania, a second is under construction, and three more
361 Ibid.
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Appendix B

European Reprocessing Facilities
Author: Erik Martiniussen
In addition to the Russian reprocessing plants, there are
civilian commercial reprocessing plants in France (La
Hague) and in the United Kingdom (Sellafield). During
the 1950s and 1960s, reprocessing at both of these plants
were central to the two countries' nuclear weapons programmes. At that time, reprocessing was carried out to
separate plutonium-239, which was then put to use in
the two counties' nuclear arsenals. Both countries continued to reprocess in order to reuse the plutonium and
uranium present in spent nuclear feul to use in fast breeder reactors.

The Sellafield reprocessing plant.
Photo: Bellona.
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However, the development of fast breeder reactors did
not go as expected, and, as a result, Great Britain terminated its programme in 1994.The French breeder reactor, the Superphénix in Creys-Malville, was finally shut
down in 1998 after a series of serious problems and
leaks from the reactor's primary circuit. Currently, only
Japan and Russia continue active research on breeder
reactors.

Today reprocessing at La Hague and Sellafield is carried
out to separate plutonium and uranium, which then are
utilised in mixed plutnoium and uranium oxide fuel, or
MOX. The MOX fuel is then burned in French and
German reactors. British reactors are not able to utilise
MOX fuel.

B.1. Sellafield
The British reprocessing plant at Sellafield is located on
the Northwest coast of England, 20 kilometres north of
the seaport town Barrow-in-Furness on the Irish Sea.
The plant is operated and owned by British Nuclear
Fuels Plc. (BNFL), which is a 100 percent governmentowned company.
At the Sellafield plant today, there are two reprocessing
plants and one waste management plant for the treatment
of high-level liquid radioactive waste. The oldest repro-

cessing plant, B205, began commercial operation in 1964,
and is expected to be shut down in 2012.While B205 is
reprocessing domestic spent nuclear fuel, the newer plant
(THORP) also reprocesses spent nuclear fuel from
overseas customers. (See below for a full description of
the THORP plant.)
In addition to the reprocessing plants, there are several
reactors and plants at the Sellafield site that are shut
down and in the process of being decommissioned.
B.1.1.THORP Reprocessing Plant
The newest reprocessing plant at Sellafield is the Thermal
Oxide Reprocessing Plant (THORP). The plant reprocesses both domestic and foreign spent nuclear fuel.
Approval to build the plant was granted in 1977, but
construction took longer than expected, and it was not
until 1993 and after several cost overruns that THORP
was finally completed. In the interim, the financial benefits
of building the plant melted away. Contrary to BNFL's
expectations, the prices of uranium did not rise but, in
fact, fell dramatically, so much so that the economic gains
of extracting uranium from spent nuclear fuel were no
longer so pressing. Simultaneously there were increasing
concerns about radioactive discharges, and a lawsuit was
filed over whether the plant's construction was justified
at all, thus further delaying its opening until March 1994.
It cost £ 2.8 billion to build THORP (at 1993 rates). This
exceeded the original construction budget by a factor of
three. It was however assumed that this amount would
be recouped by income earned from the reprocessing
of foreign fuel. BNFL expected the plant to realise profits
of £50 million annually or £500 million pounds during
the first ten years.362 Yet even a profit of £500 million
would only cover 18 percent of the actual construction
costs for THORP.

850 tonnes of fuel that year, setting a production record
for the facility.365 In November 2000 however, new technical problems arose, and the plant was shut down for
five months.
When THORP began production in March 1994, BNFL
had secured a certain number of so-called baseload contracts to reprocess about 7,000 tonnes of spent nuclear
fuel. This was fuel that was to have been reprocessed
over the course of the facility's first 10 years of operation. However, because of the technical problems experienced over the preceeding years, reprocessing activities
at THORP have been considerably delayed. During 2003,
BNFL was forced to admit that it would not be possible
to reprocess all of the baseload contracts by the April
2004 deadline.Through negotiations with its customers,
the company has been granted another year and has a
new deadline of April 2005. With THORP's current
throughput, this deadline may also be broken.
The deregulation of the UK energy market has also put
pressure on the reprocessing industry. In 1996 the newer
British reactors where privatised, forming British Energy
(BE) as an independent electricity producer.This has led
to increased differences in the business goals of the two
British nuclear giants, BE and BNFL. On several occasions
British Energy has signalled that it is considering ending
reprocessing activities, and has expressed interest in an
agreement whereby BNFL temporarily stores British
Energy's spent fuel at Sellafield. Such an arrangement
would mean the end of British reprocessing. When
announcing its semi-annual results on November 7, 2001
a British Energy spokesman stated that: "We simply do
not believe in reprocessing because of its huge costs and
we want to renegotiate this contract. We are paying six
times as much to deal with our spent fuel as American
generators do at a time when electricity costs have fal-

Table 48
Amount of fuel reprocessed at
THORP in relation to objectives.
(source: Forwood, M., 2001,
2003.)
*Annual goals have been estimated
from the assumption that all fuel
shall have been processed by
April 2005. Up until fiscal year
2001-2002, the goal was that the
fuel was to have been processed
by April 2004. Allowances have
been made for this adjustment in
the table.

The THORP facility has an annual reprocessing capacity
of 850 tHM/y, but production varies from year to year,
depending on plant behaviour. During its first years of
operation,THORP experienced considerable difficulty in
attaining planned production goals. This was primarily
due to problems with one of the transfer systems for
nuclear waste.363 This, in conjunction with other minor
problems, held production down, and in the entire time
up to the year 2000, the plant had problems reprocessing
enough fuel to reach the set goal of 7,000 tonnes of
reprocessed fuel by April 2004.
By the end of 1998,THORP had reprocessed only 1,460
tonnes of fuel.364 The year 2000 saw fewer operational
problems, and THORP reprocessed its full capacity of
362 Greenpeace International, 1993, "The THORP papers."
363 BNFL Annual Report & Accounts 1999: p. 24.
364 BNFL Annual Report & Accounts 1998: p. 16.

365 BNFL Annual Report & Accounts 2000, p. 18.
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len markedly." Michael Kirwan, British Energy's financial
director, said that: "As far as we are concerned, reprocessing is an economic nonsense and should stop straight
away."366
B.1.2. Radioactive Discharges
Since Sellafield's opening in 1951, there have been substantial radioactive discharges into both the air and sea.
The discharges were especially high during the 1960s and the
1970s, prior to the introduction of new purification
technology. Still there are considerable discharges from
the plant.
It is the two reprocessing plants at Sellafield that cause
the major radioactive discharges, the contents of which
can be traced from the Irish Sea north to the coast of
Norway and farther to the Barents Sea, reaching as far
north as Spitsbergen. During the 1990s the site discharged
considerable amounts of radioactive technetium-99.These
discharges have now been halted. But discharges of
strontium-90 are quite high, reaching 20.000 GBq in the
year 2000. Discharges of cesium-137 reached 6900 GBq
in the same year, while alpha emitting plutonium isotopes
reached 110 GBq.
Concentrations of different kinds of radioisotopes that
originate from the Sellafield discharges can be traced in
fish, shellfish, seaweed and other kinds of plants and animals in the Irish Sea.
The highest concentrations of radioisotopes are naturally
measured along the coastline off the Sellafield site itself.
In fact, higher concentrations of plutonium have been
detected in this area than those that were measured in the
area surrounding Chernobyl in the aftermath of that
catastrophe in 1986.
In the years to come, BNFL plans to increase activity at
its two reprocessing plants at Sellafield, and this will,
according to plan, lead to further increases in radioactive
discharges.
B.1.3.The MOX Trade
After the termination of the fast breeder programme in
1994, there are few compelling reasons today to continue
reprocessing spent nuclear fuel at Sellafield. Hence BNFL
now endeavours to promote reprocessing as a means of
recycling uranium and plutonium for reuse in MOX fuel.
Hence a new £480 million MOX-plant was put into
operation at Sellafield in 2003. The plant is intended to
utilise 25 tonnes of the plutonium owned by foreign customers and which is stored at Sellafield.

366 "Green Action Archive, British Energy's Nuclear Power Financial Woes,"
[Online] http://www.greenaction-japan.org/english/archives/0208023-1.html
[downloaded 14. June 2004].
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However it may become difficult for BNFL to sell its
planned MOX-fuel. After a falsification-scandal in 1999
involving British MOX-fuel shipped to Japan, certain key
customers have said that they are beginning to lose faith
in the company. Beside, most of the plutonium that is
stored at Sellafield belongs to British customers, and
British nuclear reactors are not capable of utilising MOX
fuel.Therefore there are no plans as to what to do with
most of the plutonium stored at the site, which altogether amounts to about 80 tonnes.
In 2003 BNFL announced a loss of £303 million for fiscal year 2003-2004 -- up £42 million from fiscal year
2002-2003's posted loss of £261 million. BNFL partly
blames its loss on start-up costs at the controversial new
Sellafield MOX Plant. Due to operational problems the
plant has yet to produce a single fuel assembly of MOX
fuel, even though it is more than two years since it was
commissioned.
B.1.4. Decommissioning Work
The total loss for BNFL in fiscal year 2002-2003 was
£1.09 billion after exceptional charges of £827 million,
including £415 million worth of extra provisions to cover
future decommissioning costs. The British Government
has long had plans to privatise BNFL, but these plans
have now been put on ice. The government, however,
has decided to take over some of the group's nuclear
decommissioning liabilities.The intention is to establish a
new state-owned Nuclear Decommissioning Authority
(NDA), which will provide the strategic direction for cleaning up all Britain's civil public sector nuclear sites. This
will also include some of the plants and reactors that are
shut down at the Sellafield site.
The NDA is not intended to carry out the clean up
work itself. Instead it will place contracts with site licensees such as BNFL, which will be responsible for the cleanup programme at each site.The cost of mopping up the
entire nuclear legacy in the UK is estimated at some £48
billion.This figure, though, does not include THORP, which
provides commercial fuel services to the private sector,
and to overseas customers. BNFL will therefore have to
bear the economic burden of the decommissioning work
itself. Decommissioning costs for THORP have been estimated by BNFL at £900 million. But based on German
experiences there is reason to believe that estimated
decommissioning costs at THORP might rise in the future.
The Germans shut down their pilot project in reprocessing at Karlsruhe (WAK) in 1991 and have estimated the
costs of decommissioning this plant to be £600 million.367
WAK was a much smaller plant than THORP, with a
capacity of less than five percent of the British facility.
367 Hanschke, C. et al., 1999.

B.2. Dounreay
Dounreay in Scotland used to be the centre of reactor
research in the UK. It housed two small reprocessing
plants and two fast breeder reactors. The larger of the
two reprocessing facilities could process 8 tonnes of spent
nuclear fuel a year and was opened in 1980.
The concept behind a so-called fast breeder reactor is
that by using nuclear fuel made, for example, from plutonium, more fuel would be produced (plutonium-239)
than was spent (uranium-235).Yet despite nearly 40 years
of fast breeder research, the reactors have never really
worked as expected, and Britain's costly fast breeder
programme was finally ceased in April 1994.The reprocessing plant at Dounreay was shut down in 1996 after
a number of serious problems with the technical system.
Nevertheless, there are still 25 tonnes of spent nuclear fuel
being stored at Dounreay. As late as July 2001, the British
Government decided against reprocessing this fuel at

Dounreay, with the consequence being that Dounreay
was shut down for good.This left La Hague and Sellafield
as the only two commercial reprocessing plants left in
Europe.

Drums used to store vitrified
high-level radioactive waste at
Seallafield.
Photo: Richard Hauglin

Whether the fuel stored in Dounreay will be sent to
Sellafield for reprocessing or remain where it is has yet
to be decided.368

B.3. La Hague
The French reprocessing plant La Hague, together with
Sellafield, are the main originators of radioactive contamination in the Northeast Atlantic, the North Sea and
the Barents Sea.The French nuclear firm Cogéma, a subsidiary of the giant Areva-group, operates the La Hague
plant. Areva is a private company with stock shares, and
85 percent of its shares are in private hands. Only 4 percent of the shares are floating on the public market. Even
though La Hague discharges smaller amounts of liquid
368 Bellona Web 26.07-2001.
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radioactive waste to the sea than the British reprocessing
plant at Sellafield, they too can be traced all the way to
the Barents Sea. Measured transuranic substances along
the coast of Norway originate both from Sellafield and
La Hague.
B.3.1. Radioactive Discharges
As at Sellafield, radioactive discharges from La Hague were
much higher in the 1960s and the 1970s than they are
today. New purification technology has reduced discharges
from the plant, but large amounts of liquid waste are still
pumped into the English Channel, and isotopes originating from the plant are regularly measured in seafood
and biota.
Discharges from the plant flow through an effluent pipe
1,700 meters from the shore. Generally speaking, liquid
discharges from La Hague tend to be lower than discharges from Sellafield, with the exception of tritium (H3) and Iodine-129, which are much higher from La
Hague than from Sellafield. Total alpha discharges in the
year 2000 were around 37 GBq.369 That represents one
third of the alpha discharges from Sellafield, which during
the same year measured 120 GBq.

Table 49
Comparison of alpha and beta
discharges from Sellafield and La
Hague in 2000 (GBq/year).
(Source: OSPAR, 2002).

Discharges of iodine-129 from La Hague are very high,
and in 2000 stood at 1 400 GBq as compared to 470
GBq from Sellafield.370 Iodine-129 has a half-life of 17
million years, and is very mobile within the environment.
The long half-life combined with the fact that the substance diffuses easily implies that it could accumulate in
the food chain.The discharges of Tc-99 from La Hague,
though, are quite low, measuring less than 1 TBq. However,
like Sellafield, La Hague in the coming years plans to
reprocess fuel with a higher burn-up, and thus the discharges from the French plant may increase. In addition
to this, there are also plans for reprocessing MOX fuel

at La Hague, research reactor fuel and even unirradiated
MOX (MOX fabrication scraps) and irradiated and unirradiated breeder reactor fuel.
In 2001 French authorities tightened up the discharge
authorisations for the plant, and annual limits for the discharge of liquid radioactive waste from La Hague is considerably lower than similar authorisations at Sellafield.
This gives Sellafield more leeway to increase its discharges
if it should be considered necessary compared with its
French rival. For instance, the current La Hague discharge
authorisation for alpha activity to the sea is 170 GBq as
opposed to 1,000 GBq for the Sellafield site.
B.3.2.The Reprocessing Business
There are three large reprocessing plants at La Hague:
UP2-400 (with a capacity of 400 tonnes per year), was
put into service in 1966, UP3, which went into operation
in 1990, and UP2-800, an extension of UP2-400, which
has been online since 1995. The last two plants have
nominal capacities of processing 800 tonnes of spent
nuclear fuel each year. UP2-400 is supposed to be closed
down in 2004. UP2-800 will, however, continue to operate some of the workshops left over by UP2-400. As of
the end of 2003, the plants have reprocessed over 19,400
tHM of uranium oxide fuel, in addition to 4 895 tHM of
metallic fuel that were reprocessed between 1966 and
1987.371
The French plant at La Hague reprocess both domestic
and foreign spent nuclear fuel. La Hague has reprocessed uranium oxide fuel from Japan, Switzerland,
Germany, the Netherlands and Belgium. In its very first
years, it reprocessed metal fuel from Spain. But during
the last few years, orders have gone down. Today only
French, German and Dutch spent fuel are reprocessed
at the plant. Contracts with both Switzerland and Belgium
have expired, and due to the German nuclear phase-out,
no more German fuel will be sent to La Hague after 2005.
According to WISE-Paris, Cogéma also has difficulties
securing new contracts with Japanese customers. This
leaves the Netherlands as the only foreign customer for
the years to come. Consequently the quantities of fuel
to be reprocessed under foreign contracts at La Hague
have reached their minimum since its first contracts
were signed in 1972, with less than 1 300 tHM left to
reprocess as of the end of 2003.372
La Hague's biggest reprocessing customer is naturally
the French nuclear electricity producer Electricite de
France (EdF). Details in the contract between Cogéma
and EdF are classified as commercial secrets, but in
August 2004 the two companies confirmed an ongoing

369 COGEMA, 2001:Yearly Assessment 2000 of COGEMA - La Hague plant
releases.
370 OSPAR, 2002: Liquid Discharges from Nuclear Installations in 2000.
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371 The figure of 19 400 is based on information from Cogema and the French
safety authority compiled by WISE-Paris in June 2004.
372 See Marignac,Y., Coeytaux, X., Extension of Dutch Reprocessing: Upholding
the Plutonium Industry at Dutch Society's Expenses?, WISE-Paris, June 2004.
http://www.wise-paris.org/english/reports/040622EPZReproc-Report.pdf.

contract for the reprocessing of 5 250 tHM. This contract is scheduled to expire in the end of 2007 Officially,
the two companies still discuss an extension of the contract, possibly until 2015. According to governmental
plans though, EdF will be partly privatised during fiscal
year 2004-2005. As we have seen in the UK, this may
influence the reprocessing business at la Hague in the
long term, where electricity generator British Energy has
complained about the high cost of reprocessing spent
nuclear fuel, compared with a dry storage option.
In January 2003, Cogéma received a new reprocessing
license from the French authorities. The license permits
the company to reprocess 1,700 tonnes of uranium and
plutonium contained in spent nuclear fuel and other
material every year.This includes operations in both UP2
and UP3, and gives Cogéma the possibility to switch
operation between the two plants at the site, as long as
they do not reprocess more than 1,000 tonnes of the
material in either individual plant.The license also allows
the La Hague site to process almost all kinds of material
containing plutonium.As an example, the plant has received filters contaminated with plutonium from the French
MOX-plant in Cadarache. Cogéma also wishes to reprocess the growing international stocks of various of research reactor fuels containing plutonium, starting with
small contracted quantities of Belgian and Australian fuel.

The second Cogéma MOX-plant is the Melox plant at
Marcoule, which started operations in 1995. According
to Cogéma, this plant has a nominal capacity of 195 tonnes of MOX every year. Still its authorisation is for 145
tonnes per year. Actual production in 2002 was about
100 tonnes.375
The commercial operation at Cadarache's ATPu though
is expected to cease.The decision is a result of the plant's
non-conformity with earthquake protection regulations.
The plant did in fact cease commercial production in July
2003 after it manufactured its last MOX fuel rods, which
were destined for Germany. The manufacture of MOX
for German and possibly Japanese utilities have therefore
been transferred to the Melox plant. Nevertheless,
Cogema plans to operate the plant for the next few years
to manage various plutonium and MOX scrap material
present at the site. Moreover, Cogéma has submitted to
French safety authorities an application to fabricate at
Cadarache four MOX fuel rods for the U.S. plutonium
disposition programme.

Today France produces more plutonium than it can consume. As of the end of 2002, there where 79.9 tonnes
of separated reactor grade plutonium stored at La Hague.
Out of this, 46.4 tonnes is characterised as French, while
33.5 tonnes of the separated plutonium belongs to foreign entities. However, France has invested tens of billions
of francs into its reprocessing plants, and to justify the
continuation of reprocessing, the industry has to demonstrate that it has mastered the use of plutonium in nuclear fuel.Today, after the end of breeders, plutonium is partially used in MOX fuel for the French PWRs. In March
2000, EdF put MOX into its twentieth reactor.373 MOX
use, though, remains short of EDF's own set targets both
in terms of burn-up and quantities.374
B.3.3. MOX Business
Cogéma has two operating MOX fabrication plants.The
first one is the Cadarache plant, located on the east bank
of the Durance River at Saint-Paul-lez-Durance (Bouchesdu-Rhône). The nominal capacity at this plant has been
about 45 tonnes of MOX per year.The Cadarache plant
started operations as a facility destined to research and
to the fabrication of fuel for fast breeder reactors, as
early as 1961.

373 Mary Byrd Davis: French sources and stocks of plutonium. (Factsheet)
[Online]: Available at: http://www.francenuc.org/en_sources/sources_plut_e.htm
[downloaded 14. June 2004].
374 Marignac,Y. Personal comment.
375 Mary Byrd Davis: Marcoule (Factsheet) [Online]: Available at:
http://www.francenuc.org/en_sites/langue_melox_e.htm [Downloaded 15. June 04]
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Appendix C

Data on the Financing of Russian Federal
Target Programmes Realised in 2003
Anticipated funding for 2003
FTP
No.

653

653

653

653

653

653

Federal
budget

Budgets of
subjects of
the Russian
Federation

Nonbudgetary
appropriations
sources

Factual expenditures for 2003
Total for
anticipated
funding

Budgetary
designations
(by Federal
Law No.
150-F3,
signed
November
11, 2003

Data from Federal
the head
Budget
Department
of the
Federal
Treasury of
the Russian
Ministry of
Finance

Budget of
subjects of
the Russian
Federation

Totals for
actual
expenditures for
2003

Programme for Nuclear and Radiation Safety in Russia for 2000-2006
State contractors: Nuclear Energy Ministry (co-ordinator); Ministry for Economic Development and Trade; Ministry of Industry. Science. and Technology;
Emergency Situations Ministry; Health Ministry; State Shipbuilding Agency; Natural Resources Ministry; Federal Nuclear and Radiation Safety Inspectorate
Capital
1131.81
376.24
investments
R&D
614.37
167.53
Other costs
166.87
Total financing
1913.05
543.77
Subprogramme for Management, Recycling, and Storage of
State contractor: Nuclear Power Ministry

1508.05

35.0000

35.0000

35.00

781.90
95.2000
95.2000
95.21
166.87
2456.82
130.2000
130.2000
130.21
Nuclear Waste and Spent Nuclear Materials

Capital
investments
R&D
Other costs
Total financing
Subprogramme for the Security of Russia's Nuclear Industry
State contractor: Nuclear Power Ministry

35.00
4.64
13.03
17.67

9.78
10.45
20.23

109.63
23.48
168.11

35.000

35.0000

35.00

35.00

21.1680

21.1680

21.17

21.17

56.1680

56.1680

56.17

56.17

2.24

2.24

2.24

2.24

Capital
investments
R&D
2.2400
2.2400
Other costs
Total financing
2.2400
2.2400
Subprogramme for the Security of Nuclear Power Plants and Nuclear Research Installations
State contractor: Nuclear Power Ministry

Capital
investments
R&D
2.6880
2.6880
2.69
Other costs
Total financing
2.6880
2.6880
2.69
Subprogramme for Nuclear Energy Stations and Next-Generation Nuclear Establishments with Increased Security
State contractor: Nuclear Power Ministry
Capital
investments
R&D
5.1520
Other costs
Total financing
5.1520
Subprogramme for Improving Training, Re-Training and Qualifications of Staff
State contractor: Nuclear Power Ministry
Capital
investments
R&D
Other costs
Total financing

2.69
2.69

5.1520

5.15

5.15

5.1520

5.15

5.15

1.9040

1.9040

1.90

1.90

1.9040

1.9040

1.90

1.90

Table 50 Russian Federal Target Programmes realised in 2003 (in millions of roubles).
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Nonbudgetary
appropriations
sources

FTP
No.

653

653

653

653

653

653

Anticipated funding for 2003
Federal
Budgets of Nonbudget
subjects of budgetary
the Russian appropriFederation ations
sources

Factual expenditures for 2003
Data from Federal
Budget of
NonTotals for
the head
Budget
subjects of budgetary
actual
Department
the Russian appropriexpendiof the
Federation ations
tures for
Federal
sources
2003
Treasury of
the Russian
Ministry of
Finance
Subprogramme for Organising a State Inventory and Control System for Radioactive Substances and Radioactive Waste
State contractor: Nuclear Power Ministry
Capital
investments
R&D
1.9040
1.9040
1.90
1.90
Other costs
Total financing
1.9040
1.9040
1.90
1.90
Subprogramme for Nuclear and Radiation Safety at Shipbuilding Industry Enterprises
State contractor: State Shipbuilding Agency
Capital
investments
R&D
11.8720
11.8720
11.87
2.00
13.87
Other costs
Total financing
11.8720
11.8720
11.87
2.00
13.87
Subprogramme for Protecting the Population and Territories against the Consequences of Possible Radiation Accidents
State contractor: Emergency Situations Ministry
Capital
investments
R&D
5.6000
5.6000
5.60
5.60
Other costs
Total financing
5.6000
5.6000
5.60
5.60
Subprogramme for Systems Provision for Protecting the Population and Reclaiming Territories Exposed to Radioactive Pollution
State contractor: Emergency Situations Ministry
Capital
investments
R&D
0.1680
0.1680
0.17
0.17
Other costs
Total financing
0.1680
0.1680
0.17
0.17
Subprogramme to Create a Unified State Automated Control System of the Radiation Situation on the Territory of the Russian Federation
State contractor: Natural Resources Ministry
Capital
investments
R&D
5.9360
5.9360
5.94
5.94
Other costs
2.73
9.21
11.94
Total financing
5.9360
5.9360
5.94
2.73
9.21
17.88
Subprogramme to Reduce the Level of Exposure of the Population to Radiation and of Human-Caused Pollution of the Environment with Naturally
Occurring Radionuclides.
State contractor: Natural Resources Ministry
Capital
investments
R&D
3.1360
3.1360
3.14
4.64
7.78
Other costs
10.30
1.24
11.54
Total financing
3.1360
3.1360
3.14
14.94
1.24
19.32
Total for
anticipated
funding

Budgetary
designations
(by Federal
Law No.
150-F3,
signed
November
11, 2003

Table 50 Russian Federal Target Programmes realised in 2003 (in millions of roubles).
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FTP
No.

653

653

653

653

653

653

Anticipated funding for 2003
Federal
Budgets of Nonbudget
subjects of budgetary
the Russian appropriFederation ations
sources

Factual expenditures for 2003
Data from Federal
Budget of
NonTotals for
the head
Budget
subjects of budgetary
actual
Department
the Russian appropriexpendiof the
Federation ations
tures for
Federal
sources
2003
Treasury of
the Russian
Ministry of
Finance
Subprogramme for Organising a Unified State System of Controlling and Registering Citizens' Individual Radiation Doses and the Health Situation among
At-Risk Groups Exposed to Increased Levels of Radiation Effects
State contractor: Ministry for Health
Capital
investments
R&D
2.1280
2.1280
2.13
2.13
Other costs
Total financing
2.1280
2.1280
2.13
2.13
Subprogramme for Organising a System of Medical Service and Labour Protection for Workers Exposed to Radiation During Production
State contractor: Ministry for Health
Capital
investments
R&D
4.5920
4.5920
4.59
4.59
Other costs
Total financing
4.5920
4.5920
4.59
4.59
Subprogramme for Organising a System of Medical Service for At-Risk Groups of the Population Exposed to Increased Levels of Radiation Effects
State contractor: Ministry for Health
Capital
investments
R&D
1.4560
1.4560
1.46
1.46
Other costs
Total financing
1.4560
1.4560
1.46
1.46
Subprogramme for Rendering Specialist Medical Assistance in Cleaning up the Consequences of Radiation Accidents
State contractor: Ministry for Health
Capital
investments
R&D
2.0160
2.0160
2.02
2.02
Other costs
Total financing
2.0160
2.0160
2.02
2.02
Subprogramme for Means and Methods for Researching and Analysing the Effects of Nuclear- and Radiation-Dangerous Establishments on the Environment
and People
State contractor: Nuclear Power Ministry
Capital
investments
R&D
5.0400
5.0400
5.04
5.04
Other costs
Total financing
5.0400
5.0400
5.04
5.04
Subprogramme for Methods of Analysing and Forming a Base for the Security of Nuclear- and Radiation-Dangerous Establishments
State contractor: Nuclear Power Ministry
Capital
investments
R&D
11.2000
11.2000
11.20
11.20
Other costs
Total financing
11.2000
11.2000
11.20
11.20
Total for
anticipated
funding

Budgetary
designations
(by Federal
Law No.
150-F3,
signed
November
11, 2003

Table 50 Russian Federal Target Programmes realised in 2003 (in millions of roubles).
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FTP
No.

653

653

653

655

655

655

Anticipated funding for 2003
Federal
Budgets of Nonbudget
subjects of budgetary
the Russian appropriFederation ations
sources

Total for
anticipated
funding

Budgetary
designations
(by Federal
Law No.
150-F3,
signed
November
11, 2003

Factual
Data from Federal
the head
Budget
Department
of the
Federal
Treasury of
the Russian
Ministry of
Finance

expenditures
Budget of
subjects of
the Russian
Federation

for 2003
Nonbudgetary
appropriations
sources

Subprogramme for Protection Strategy for Russia's Nuclear and Radiation Safety
State contractor: Nuclear Power Ministry
Capital
investments
R&D
2.1840
2.1840
2.18
Other costs
Total financing
2.1840
2.1840
2.18
Subprogramme for Development of Federal Norms and Regulations on Nuclear Security and Radiation Safety (Technical Aspects)
State contractor: Federal Nuclear and Radiation Safety Inspectorate
Capital
investments
R&D
3.2480
3.2480
3.25
7.78
Other costs
Total financing
3.2480
3.2480
3.25
7.78
Subprogramme for Development of Federal Norms and Regulations on Nuclear Security and Radiation Safety (Health Aspects)
State contractor: Federal Nuclear and Radiation Safety Inspectorate
Capital
investments
R&D
1.5680
1.5680
1.57
Other costs
Total financing
1.5680
1.5680
1.57
Programme for Dealing with the Consequences of Radiation Accidents for the Period until 2010
State contractor: Emergency Situations Ministry
Capital
401.41
127.40
67.58
596.39
414.9980
414.9980
415.00
212.83
12.70
investments
R&D
6.20
6.20
4.6800
4.6800
4.68
Other costs
61.11
15.04
3.11
79.26
49.6288
49.6290
49.63
20.10
13.70
Total financing
468.72
142.44
70.69
681.85
469.3068
469.3070
469.31
232.93
26.40
Subprogramme for Dealing with the Consequences of the Accident at the Chernobyl NPP
State contractor: Emergency Situations Ministry
Capital
248.498
248.4980
248.50
89.07
10.90
investments
R&D
1.8500
1.8500
1.85
Other costs
Total financing
250.3480
250.3480
250.35
89.07
10.90
Subprogramme for Dealing with the Consequences of Accidents at the Lighthouse Production Union
State contractor: Emergency Situations Ministry
Capital
81.400
81.4000
81.40
28.30
0.30
investments
R&D
1.4300
1.4300
1.43
Other costs
Total financing
82.8300
82.8300
82.83
28.30
0.30

Totals for
actual
expenditures for
2003

2.18
2.18

11.03
11.03

1.57
1.57

640.53
4.68
83.43
728.64

348.47
1.85
350.32

110.00
1.43
111.43

Table 50 Russian Federal Target Programmes realised in 2003 (in millions of roubles).
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FTP
No.

655

652

659

665

665

669

Anticipated funding for 2003
Federal
Budgets of Nonbudget
subjects of budgetary
the Russian appropriFederation ations
sources

Factual expenditures for 2003
Data from Federal
Budget of
NonTotals for
the head
Budget
subjects of budgetary
actual
Department
the Russian appropriexpendiof the
Federation ations
tures for
Federal
sources
2003
Treasury of
the Russian
Ministry of
Finance
Subprogramme for Dealing with the Consequences of Nuclear Testing at the Semipalatinsk Testing Range
State contractor: Emergency Situations Ministry
Capital
85.100
85.1000
85.10
95.46
1.50
182.06
investments
R&D
1.4000
1.4000
1.40
1.40
Other costs
Total financing
86.5000
86.5000
86.50
95.46
1.50
183.46
Presidential Programme for the Destruction of Reserves of Chemical Weapons in the Russian Federation
State contractor: Munitions Agency
Capital
967.60
967.60
investments
R&D
269.90
269.90
Other costs
11923.40
11923.40
5392.0000 5392.0000 5161.70
42.00
5203.70
Total financing
11923.40
11923.40
5392.0000 5392.0000 5431.60
1009.60
6441.20
Programme for the International Thermonuclear Experimental Reactor (ITER) for 2002-2005
State contractor: Nuclear Power Ministry
Capital
investments
R&D
92.74
185.07
277.81
61.6000
61.6000
61.60
61.60
Other costs
Total financing
92.74
185.07
277.81
61.6000
61.6000
61.60
61.60
Programme for Reform and Development of the Defence-Industrial Complex (2002-2006)
State Contractors: Ministry of Industry, Science, and Technology (co-ordinator). Aviation and Space Agency. Munitions Agency. Conventional Weapons
Agency. Administrative Systems Agency. State Ship-Building Agency. Nuclear Power Ministry
Capital
2334.04
2710.92
5044.96
578.300
578.3000
578.30
1227.57
1805.87
investments
R&D
589.95
442.75
1032.70
555.0000
555.0000
555.00
421.13
976.13
Other costs
295.55
169.05
464.60
1365.8981 1365.8980 1365.90
257.40
1623.30
Total financing
3219.54
3322.72
6542.26
2499.1981 2499.1980 2499.20
1906.10
4405.30
Subprogramme for Reform of Nuclear-Industry Enterprises (Nuclear-Weapons Complex) in 2002-2006
State contractor: Nuclear Power Ministry
Capital
52.700
52.7000
52.70
518.07
570.77
investments
R&D
Other costs
1115.8981 1115.8980 1115.90
1115.90
Total financing
1168.5981 1168.5980 1168.60
518.07
1686.67
Subprogramme for the Security and Development of Nuclear Energy
State contractor: Nuclear Power Ministry
Capital
401.000
401.0000
401.00
30136.77
30537.77
investments
R&D
24.6400
24.6400
24.64
1418.68
1443.32
Other costs
615.70
615.70
Total financing
425.6400
425.6400
425.64
32171.15
32596.79
Total for
anticipated
funding

Budgetary
designations
(by Federal
Law No.
150-F3,
signed
November
11, 2003

Table 50 Russian Federal Target Programmes realised in 2003 (in millions of roubles).
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Appendix D

Northern Fleet and Pacific Fleet Nuclear Submarine
Dismantlement and Waste Management Problems
Author: Igor Kudrik
Between 1955 and 2004, a total of 249 nuclear powered submarines and five nuclear powered surface ships
were built for the Soviet (later Russian) Navy.
Nuclear powered submarines have been operated by
Russia's Northern and Pacific Fleets for more than 45
years. Approximately two thirds of all nuclear powered
vessels were assigned to the Northern Fleet on the Kola
Peninsula and the remaining third were assigned to
bases of the Pacific Fleet in the Russian Far East.376
As seen in table 51, today, 192 nuclear submarines have
been taken out of active service in the Russian Navy (RN),
116 of those in the Northern Fleet (NF), and 76 in the
Pacific Fleet (PF). Overall, 91 submarines have been dismantled, 58 of those being Northern Fleet submarines,
and 33 in the Pacific Fleet. Seventy one submarines that
have been taken out of the navy's active service await
dismantlement with their spent fuel still on board. Of
those, 36 are located at Northern Fleet in bases on the

376 The Arctic Nuclear Challenge, Bellona report No. 3, p. 3, 2001.

Dismanteled
With SNF
Without SNF
Total out of
service

Northern Pacific
Fleet
Fleet

Total in
Russian Navy

58
36
22
116

91
71
30
192

33
35
8
76

Table 51 Nuclear submarines taken out of service in the
Russian Navy (RN).
Kola Peninsula and in the Arkhangelsk Region, and 35 in
the Pacific Fleet in the Russian Far East.377
According to the practices of the closed fuel cycle established in 1970s, spent nuclear fuel unloaded from the
reactor cores used to be preliminarily stored at pooltype storage facilities at submarine bases for 5 to 10
years. After that, it was loaded into special transport
casks and shipped by train to the Mayak reprocessing
plant, RT-1.

A Delta-class nuclear submarine
under repair at the Sevmorput
shipyard in Murmansk.
Photo:Tomaz Kizney

377 Digges, Charles, Minatom releases sub decommissioning figures and admits to
problems reprocessing naval fuel,
http://www.bellona.no/en/international/russia/navy/northern_fleet/spent_fuel/31809.html,
Bellona Web, November 18, 2003.
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Location name

Role

Potentially dangerous assets

Zapadnaya Litsa
- Nerpichya
- Malaya Lopatka
- Bolshaya Lopatka

Naval base

Base point for Typhoon and Victor-III;
Inactive nuclear submarines

Andreyeva Bay

Storage facility

Vidyaevo
- Ura Bay
- Ara Bay
Gadzhievo
- Skalisty
- Olenaya Bay
Sayda Bay

Naval base

Naval base

21,860 spent fuel assemblies;
2,000 cubic meters of liquid radioactive waste;
6,000 cubic meters of solid radioactive waste
Base point for Akula, Sierra and Oscar-II;
Inactive nuclear submarines with spent fuel;
Small amounts of solid radioactive waste
Base point for Delta-III, Delta-IV;
Inactive submarines; 200 cubic meters of liquid radioactive waste;
2,037 cubic meters of solid radioactive waste
10 submarine hulls with reactors and more than 40 submarine
reactor sections

Severomorsk

Naval base

One active nuclear-powered battle cruiser;
Fresh fuel storage

Gremikha

Naval base

Several inactive nuclear submarines; 767 spent fuel assemblies;
Six liquid metal cooled reactor cores;
300 cubic meters of solid radioactive waste;
1,960 cubic meters liquid radioactive waste

Nerpa

Shipyard

Shkval (Polyarny)

Shipyard

Sevmorput

Shipyard

At least nine submarines have been decommissioned;
Periodic visit of service ships with spent fuel or liquid radioactive
waste onboard;
300 cubic meters of solid radioactive waste;
170 cubic meters liquid radioactive waste
Two service ships with spent nuclear fuel and radioactive waste
(periodic);
Inactive nuclear submarines with spent fuel;
Storage facility for solid radioactive waste;
150 cubic meters of liquid radioactive waste
Occasional service ships with liquid radioactive waste;
Storage for solid radioactive waste

Severodvinsk
- Zvezdochka
- Sevmash

Shipyards

Storage site

Table 52
Overview of Northern Fleet
bases and shipyards located in
Murmansk and Arkhangelsk
Regions.378

At least 23 submarines have been decommissioned;
12,539 cubic meters of solid radioactive waste;
3000 cubic meters of liquid radioactive waste;
operational nuclear submarines for maintenance and repair;
Inactive nuclear submarines;
Inactive nuclear battle cruiser;
storage pad for spent nuclear fuel casks;
construction of nuclear-powered submarines.

D.1. Northern Fleet
Although larger in size, the Northern Fleet has fewer
infrastructure problems to deal with in terms of the dismantlement of nuclear powered submarines, nuclear
fuel and radioactive waste, than does the Pacific Fleet.
During the past decade the Northern Fleet has enjoyed
the attention of western donors who have contributed
generously into both infrastructure development and
funding of submarine dismantlement.
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Zvezdochka in Severodvinsk in the Arkhangelsk region,
are all under the civilian authority. Sevmorput, located in
Murmansk and Shkval, situated in Polyarny on the Kola
Peninsula, fall under the auspices of the Russian Defence
Ministry. Defuelling of submarines is usually carried out
at shipyards.
As noted above, of the 116 submarines taken out of
active service in the Northern Fleet, 58 have now been
dismantled.

D.1.1. Submarine Dismantlement
There are five shipyards in Northwest Russia engaged in
the dismantlement of nuclear-powered submarines. The
Nerpa shipyard on the Kola Peninsula, and Sevmash and

The reactor sections of these dismantled submarines are
stored afloat at Sayda Bay on the Kola Peninsula. As of
today, there are more than 50 reactor sections moored
at the piers at Sayda Bay.379

378 The Northern Fleet, Bellona Web section, www.bellona.org.

379 The Arctic Nuclear Challenge, Bellona report No. 3-2001.

D.1.2. Storage of Spent Nuclear Fuel and
Radioactive Waste
In the past, the Northern Fleet had two pool storage
facilities for spent nuclear fuel situated at Andreyeva Bay
and in Gremikha. After these two facilities suffered accidents and were taken out of operation in the 1980s, spent
nuclear fuel was then stored in temporary dry storage
facilities and containers in Andreyeva Bay and Gremikha
onboard the nuclear support ships, or was simply left in
the reactors of the retired submarines. Radioactive
waste is stored both in Andreyeva Bay and Gremikha, as
well as at shipyards, naval bases and special tankers located on the Kola Peninsula and in Severodvinsk.380

Andreyeva Bay stores 21,640 spent nuclear fuel assemblies
(93 reactor cores) containing 35 tonnes of fuel materials
with a total radioactivity of about 1 million TBq. Around
6,000 cubic meters of solid radioactive waste and 2,000
cubic meters of liquid radioactive waste are kept at this
site.

The largest storage for naval spent nuclear fuel is located
in Andreyeva Bay, which is situated on the north-western
side of the Kola Peninsula, 55 kilometres from the RussianNorwegian boarder. Andreyeva Bay is part of Zapadnaya
Litsa, a tributary fjord to the Motovsky Fjord that flows
out into the Barents Sea.

Around 800 elements from pressure water reactors are
stored in Gremikha, containing 1.4 tonnes of nuclear fuel
materials. A further six reactor cores from liquid metal
reactors are also stored here onshore. Spent nuclear
fuel remains in the reactors of each of the 6 to 7 submarines laid up at piers at the base.The base also holds

The temporary storage for spent
nuclear fuel at Andreyeva Bay.
Photo: Bellona archive.

Gremikha (also known as Iokanga) naval base is the
second onshore storage site on the Kola Peninsula for
spent nuclear fuel and radioactive waste from submarines.
The base is the easternmost Northern Fleet base on the
Kola Peninsula, located some 350 kilometres east of the
mouth of the Murmansk Fjord.

380 Ibid.
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Table 53
Overview of the radiological
support vessels in the
Northern Fleet designed to
defuel submarines.381

Table 54
Overview of special tankers
in the Northern Fleet.382

Project/Class

Number built
NF

In operation
NF

SNF storage capacity, Liquid radwaste
(No. fuel assemblies) storage capacity, (m3)

2020/Malina
326, 326M
Severka
Total

2
4
1
7

2
4
0
6

1,400
560
616
--

Project/Class

Number built
NF

In operation
NF/PF

Liquid radwaste storage
capacity, cubic meters

1783, 1783A/Vala
11510/Belyanka
Osetiya
Total

5
1
1
7

4
1
0
5

870
800
1,033
--

around 300 cubic meters of solid radioactive waste and
around 2,000 cubic meters of liquid radioactive waste.383
D.1.3. Northern Fleet Radiological Support Vessels
The Northern Fleet has a fleet of support vessels that
serve for both refuelling of nuclear powered submarines,
storage of nuclear fuel and radioactive waste. All of them
are in a very shabby state of repair.
There are approximately 5,040 spent nuclear fuel
assemblies or about 22 reactor cores containing 8.8 tonnes of fuel materials with a total radioactivity of about
244,000 TBq stored on the nuclear service ships, which
are designed to defuel submarines.
The Northern Fleet operates specially constructed tankers designated as Project 1783A-Vala class to transport
and store liquid radioactive waste on the Kola Peninsula.
In addition to these comes the Project 11510-Belyanka
class vessel Amur. The rebuilt tanker Osetiya is based in
Severodvinsk.

D.2.The Pacific Fleet
The infrastructure in the Russian Pacific Fleet is dilapidated. Laid-up nuclear-powered submarines (including
ones with spent nuclear fuel still on board) are scattered
around the Far Eastern region, anywhere from 100 to
1000 kilometres away from the nearest dismantlement
points. Three of the submarines have damaged reactor
cores, and two of them cannot be de-fuelled and dismantled using regular methods.
The Pacific region requires considerable investments to
transport submarines from the remote areas to shipyards for de-fuelling and dismantlement to designated shipyards.The region also requires extensive improvement
of the storage facilities for spent nuclear fuel, which are
in an extremely poor state.
381 The Northern Fleet, Bellona web section, www.bellona.org.
382 Ibid.
383 Ibid.
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450
230
---

All in all there are around 14,000 fuel assemblies -- constituting fissile material -- still stored onboard retired nuclear
submarines, representing environmental and non-proliferation risks. The exact amount of spent nuclear fuel
stored in onshore storage facilities and onboard service
ships is unknown.
D.2.1. Submarine Dismantlement
Nuclear powered submarines are being dismantled at
three ship-repair yards in the Far East.They are:
• The Zvezda shipyard, which is subjugated to a Russian
civilian entity located in the Primorsky Region, is located in Bolshoi Kamen Bay;
• Shipyard No. 30, which falls under the purview of the
Russian Ministry of Defence, is located in the Primorsky
Region, in Chazhma Bay;
• The State Enterprise North-East Regional Centre for
Repair and Recycling of Arms and Armament, which
falls under the purview of the Russian Ministry of
Defence, is located on the Kamchatka Peninsula in
Seldevaya Bay.
Presently, the reactor compartments of the dismantled
Far Eastern submarines (consisting of three-compartment
units) are stored afloat at the interim storage site, located
in the Primorsky region in Razboynik Bay (20 units), in
the harbour area of Zvezda shipyard (7 units) and in the
harbour area of the North-East Regional Centre for
Repair and Recycling of Arms and Armament (3 units).
The retired submarines still awaiting dismantlement are
stored in the harbour area of the shipyards as well as at
the bases of the Pacific Fleet -- Krasheninnikova Bay on
the Kamchatka Peninsula, Postovaya Bay in Sovetskaya
Gavan, and Pavlovskogo Bay in Primoriye.
The lifetime of the three compartment units is calculated
to be 25 years -- presuming they undergo dock repairs

every 10 years. The units contain considerable residual
radioactivity even though they are de-fuelled.
As of today, 30 three-compartment units have been formed and 44 have yet to be formed. The remaining two
submarines are in critical condition because their reactor
cores are damaged. A plan exists to place those two
submarines into a shelter without dismantling them.
Thirty-five submarines -- including one three-compartment unit -- are stored with spent nuclear fuel in their
reactors.
D.2.2. Location of the Retired Submarines384
In the Russian Far East the following retired submarines
in different stages of decommissioning are located at
various points listed below:
1.Twenty five units of the 1st generation (average age is
38 years).
2. Forty nine units of the 2nd generation (average age is
27 years).
3. Two units of the 3rd generation (average age is 18
years).
The Kamchatka Peninsula
Three laid-up submarines awaiting dismantlement are
located in the harbour area of North-East Regional
Centre for Repair and Recycling of Arms and Armament
on the Kamchatka Peninsula. None of the submarines can
be towed to a dismantlement point without additional
measures to ensure their buoyancy. This site has the
capacity to dismantle one submarine per year, but no
facilities to de-fuel the submarines.
Sixteen laid-up submarines, including 13 with spent
nuclear fuel onboard, are located at the Pacific Fleet base
in Krasheninnikov Bay also on the Kamchatka Peninsula.
Seven submarines cannot be transported to a dismantlement point without additional measures to ensure
their buoyancy.
There are 19 submarines thus located on the Kamchatka
Peninsula that need to be defuelled and dismantled.There
are no defuelling facilities in the area.To defuel the submarines, military service ships -- which are not stationed
in the area and are in a very bad state of repair -- have
to be used. Dismantling capabilities are also scarce on
the Kamchatka Peninsula -- only one submarine per year,
meaning that it would take at least 19 years to dismantle
all the submarines laid up in this area.
Postovaya Bay (Sovetskaya Gavan)
There are three submarines located here with spent
nuclear fuel. None of the submarines can be towed to a
384 Lavrovsky, S.A., et al, Lazurit Central Design Bureau, Note, September 15,
2003.

place of dismantlement without additional measures to
ensure their buoyancy. The nearest dismantlement site,
the Zvezda shipyard, is located 1000 kilometres to the
south.
Pavlovskogo Bay (Primorie)
Twenty one submarines are located in this bay, including
20 submarines with spent nuclear fuel (three of these
are in a state of emergency with reactor cores damage).
Six of the submarines located here cannot be transported
to Zvezda shipyard, located some 100 kilometres away
for dismantlement without measures to ensure their
buoyancy.
Shipyard 30
One submarine is undergoing dismantlement here. The
submarine is defuelled.
Zvezda Shipyard
Two submarines are being dismantled here.
The three submarines here that will require special attention, are the K-116, Echo-I class, the K-431 Echo-I class,
located in Pavlovskogo Bay and the K-313, Victor-I class.
All three submarines are located in Pavlovskogo Bay.385
D.2.3. Storage of Spent Nuclear Fuel and
Radioactive Waste
There are two radioactive waste storage sites in the
Pacific Fleet. One is located on Kamchatka and another
one on the southeast tip of the Shkotovo Peninsula,
southeast from Vladivostok across Ussurysky Bay.
Spent nuclear fuel is stored at Shkotovo waste site.The
design of the spent nuclear fuel storage facility is similar
to those found on the Kola Peninsula. The facility also
suffered an accident in the 1980s.386
There is no publicly available inventory yet in place specifying the amount of spent nuclear fuel and radioactive
waste stored in the Pacific Fleet's storage sites.
D.2.4. Pacific Fleet Radiological Support
Vessels
In addition to submarines that have been retired, the
Pacific Fleet used to operate a fleet of support vessels,
which were employed for refuelling, liquid waste storage
and dumping at sea.The last recorded dumping of liquid
radioactive waste into the Sea of Japan took place in
1993. Many of these support vessels are now retired
and await for dismantlement.

385 The Russian Northern Fleet, Bellona Report No. 2, 1996.
386 Handler, J., "Russia's Pacific Fleet--Problems With Nuclear Waste," Jane's
Intelligence Review,Volume 7, Number 3, 1995.
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Location

Vessel type

Design

Year of
building

Work-load
of vessel

Technical state
of vessel

Kamchatka

PM-74

2020, Malina class

1985

1,368 SFAs,
220 t of LRW

In operation

PM-32

326

1966

126 SFAs,
47 t of LRW

Retired in 1994

MBTN-42
TNT-23
TNT-27
TNT-5

1783, Zeya class
1783A,Vala class
1783A,Vala class
1783, Zeya class

1963
1968
1967
1960

149
540
900
400

Retired in 1994
Retired in 1996
In operation
Retired in 1992

Pinega

11510,
Belyanka class

1987

320 t of LRW

In operation

PM-125

326M

1960

560 SFAs,
108 t of LRW

Retired in 1998

PM-133

326M

1962

560 SFAs,
46 t of LRW

Retired in 1998

PM-80

326M

1964

113 SFAs,
40 t of LRW

Retired in 1993

Primorye
region

t
t
t
t

of
of
of
of

LRW
LRW
LRW
LRW

Table 55 Overview of the support vessels in the Pacific Fleet.112
Abbreviations: SFA - spent fuel assemblies; LRW - liquid radioactive waste¸ t. - metric tonnes.

387 Digges, C., "Further Japanese Investment Could Do Much for Pacific Fleet's
Nuclear Security," Bellona Web, www.bellona.no, October 15, 2002.
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Appendix E

Radioisotope Thermoelectric Generators
Author: Rashid Alimov
There are around 1,000 Radioisotope Thermoelectric
Generators (RTGs) in Russia, most of which are used as
power sources for lighthouses and navigation beacons.All
Russian RTGs have long exhausted their 10-year engineered life spans and are in dire need of dismantlement.The
urgency of this task is underscored by three recent incidents
with these potentially dangerous radioactivity sources.
There are 132 lighthouses on the coast of Northwest
Russia. Russia's RTGs used beyond their operational limits
have been waiting to be sent to a repository for decades.
Some of them have become the prey of non-ferrous
metal hunters, who crave a quick buck for RTGs' metal,
regardless of the risk of radioactive contamination.
Most Russian RTGs are completely unprotected against
potential thieves or intruders, and lack even minimal
security measures like fences or even radioactive hazard
signs. Nuclear inspectors visit these sites as seldom as
once every six months, and some RTGs have not been
checked for more than a decade.388
The biggest danger coming from these unprotected
RTGs is their availability to terrorists, who can use the
radioactive materials contained in them to make so-called "dirty bombs."

E.1.What RTGs Are
An RTG tranforms thermal energy from decay of radioactive material into electricity. They have a steady output
voltage of 7 to 30 volts and the power capacity of up to
80 watts. The most frequent mode of applications for
RTGs are as power sources for navigation beacons and
lighthouses.389
The core of an RTG is a thermal energy source based on
the radionuclide strontium 90 -- also known as radioisotope heat source 90 (RHS-90). An RHS-90 is a sealed
radiation source in which the fuel composition in the form
of ceramic titanate of strontium-90 is sealed hermetically
and two-fold into a capsule using argon welding. The
capsule is protected against external impact by the thick
shell of the RTG, which consists of stainless steel, aluminium and lead. The biological protection shield is configured in such a way that radiation levels do not exceed
2 mSv/h on the devices', and 0.1 mSv/h at a distance of
one meter.390
The strontium-90 radioactive half-life is 29.1 years. At
the time of their production, RHS-90s contain from
1,100 TBq to 6,700 TBq of strontium-90. The level of
388 Bellona Working Paper N5:92,Thomas Nilsen,. "Nuclear Powered Lighthouses,"
Oslo, 1992.
389 Information granted to the author in reply to an official inquiry to VNIITFA
390 Rylov, M.I.,Tikhonov, M.N., Problemy radiatsionnoi bezopasnosti...//Atomnaya
strategiya, St Petersburg, N1(6) June 2003, p. 32. (In Russian).

gamma radiation reaches 4 to 8 Sv/h at a distance of 0.5
meters from the RHS-90, and 1 to 2 Sv/h at a distance
of one meter. It takes no less than 500 years before
RHSs reach a safe radioactivity level. According to the
Russian's independent nuclear watchdog -- known until
March 2004 as Gosatomnadzor, or GAN -- "the existing
system of RTG management does not allow for providing adequate security to these installations, so the situation they are in can be classified as 'an emergency
manifested in the unattended storage of dangerous
[radioactivity] sources.' This is why these generators
need to be evacuated urgently."391
RHS-90
Dimensions of the cylinder
Weight
Capacity
Concentration of
strontium-90

10 by 10 centimetres
5 kilograms
240 watts
1,500 TBq,
or 40,000 curies

Temperature on
the surface

300-400 degrees C

Exposition dose rate
at the distance of
0,02 to 0,5 meters

28-10 Sv/h

Table 56 Specifications for the RHS-90.

E.2. RTG Safety
RTG developers argue that even if an RHS-90 makes it
out into the surrounding environment due to an accident
or theft from its RTG, the heat source will still remain
intact unless forceful means are used to remove it.
According to specialists from the Russian Ministry of
Transportation's State Hydrographic Service (SHS), "the
principal radioactive risk only comes from the sources of
ionising radiation based on strontium 90 [...] in RHS-90s."
The SHS claims that an RHS-90 taken outside of its capsule will present a serious danger on the local level, but
that radioactive contamination of the environment would
be impossible.The service asserts that nothing of the kind
has ever happened and that their own tests have confirmed an RHS-90 would remain intact even if blown up.392
While commenting on the known incidents involving
RTGs, representatives of what was then GAN and of the
International Atomic Energy Agency (IAEA) have several
times that an RHS capsule could be destroyed by natural
forces.
Other Commonwealth of Independent States, (CIS)
countries operate approximately 30 RTGs. In all, the
391 Report on the activities of GAN in the field of nuclear and radiation safety in
1998. Moscow, 1999, p. 72. (In Russian) See also Rylov, M.I.,Tikhonov, M.N.,
Problemy radiatsionnoi bezopasnosti...//Atomnaya strategiya, St Petersburg,
N1(6) June 2003. P. 32. (In Russian).
392 Klyuyev,Y.V., [head of the SHS of the Transportation Ministry], Prodolzhayem
razgovor...// Yakutia,Yakutsk, No. 59, April 1, 2000 (In Russian).
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USSR reportedly produced around 1,500 RTGs.393 Today,
all Russia's RTGs -- without exception -- have reached
the end of their engineering life spans and must be disposed of.394

E.3. Use, Ownership and Licensing
RTGs in Russia are owned by the Ministry of Defence,
the Transportation Ministry, and the Russian Federal
Service for Hydrometeorology and Environmental
Monitoring, known by the Russian acronym of
Rosgidromet.The Transportation Ministry has jurisdiction
over approximately 380 RTGs, with the SHS responsible
for their monitoring and accounting.The Defence Ministry
owns 535 RTGs, including 415 RTGs run by the Main
Directorate for Navigation and Oceanology.
Russian nuclear regulators fully control only those RTGs
owned by the Transportation Ministry. Following the
governmental decree 1007 issued September 4, 1999,
and directive D-3 of the Defence Ministry, they grants
licenses and maintain oversight of the Defence Ministry
RTGs, since they are considered as nuclear installations
that do not pertain to military use.
The SHS says it is sufficient to conduct regular inspections of the RTGs located along the shipping lanes of the
Northern Sea Route -- from several times down to one
time a year -- to maintain the installations and radioactivity levels on their surfaces and in surrounding areas.395

Nonetheless, Russian nuclear regulators criticizes SHS
sluggishness in withdraw from operation RTGs wich
exceeded their life-term. Still, the questions of storing
RTGs, their physical and radiation safety, and the safety
of people near them haven't been solved.396 Nuclear

Efir-MA
IEU-1
IEU-2
Beta-M
Gong
Gorn
IEU-2M
Senostav
IEU-1M

regulators points out that in this situation hydrographic
services of the Transportation Ministry and Defence
Ministry are in violationg of article 34 of the Law "on the
Use of Nuclear Energy," which says organisations operating
RTGs must have the material and financial to operate
the nuclear objects.

E.4.Types of RTGs
The Transportation Ministry some 380 RTGs of the
Beta-M, Efir-MA, Gorn and Gong type along the Northern
sea route.These are but four of the 10 RTG types based
on heat sources like the RHS-90 developed by the All
Russian Scientific Reasearch Institute of Technical Physics
and Automation (VNIITFA) between 1960 and 1980
(see table 57 below).
RTGs differ by parameters which vary according to their
voltage output, output power capacity, mass, size and other
characteristics. Beta-M type RTGs -- one of the first
designs, developed in the late 1960s -- have been used
most frequently.Today, around 700 RTGs of this type are
in operation. However, the joints in the carcasses of Beta-M
RTGs are not welded, and, as the past 10 years experience
shows, such RTGs can be easily dismantled right where
they stand with the help of nothing more than common
fitting tools,398 like crowbars and hammers. No new RTGs
have been developed in the last 10 to 15 years.

E.5. Accounting for RTGs
Orders for new RTGs came principally from the Defence
Ministry, the Transportation Ministry, the State Committee
for Hydrometeorology -- the Soviet predecessor of
Rosgidromet -- and the former Ministry of Geology, now
part of the Natural Resources Ministry.

RHS heat
capacity,
(W)

RHS initial
nominal
activity,
(TBq)

RTG electric RTG output
capacity,
voltage, (V)
(W)

RTG mass,
(kilograms)

Year
mass
production
began

720
2200
580
230
315
1100
690
1870
2200 (3300)

4,100
1,800
3,300
1,300
1,800
6,290
3,900
10,650
12,580 (18,900)

30
80
14
10
18
60
20

35
24
6

120 (180)

28

1250
2500
600
560
600
1050 (3 RHS-90)
600
1250
2 (3) x 1050

1976
1976
1977
1978
1983
1983
1985
1989
1990

14
7 (14)
14

Table 57 Types and main characteristics of RTGs of the Soviet design.397
393 Rylov, M.I.,Tikhonov, M.N., Problemy radiatsionnoi bezopasnosti...//Atomnaya
strategiya, St Petersburg, N1(6) June 2003, p. 32. (In Russian).
394 Information confirmed in reply to the author's official inquiry to VNIITFA.
395 Klyuyev,Y.V., [head of the SHS of the Transportation Ministry], Prodolzhayem
razgovor...// Yakutia,Yakutsk, No. 59, April 1st 2000 (In Russian).
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396 Report of the Northern-European interregional territorial district on nuclear
and radiation safety for the 1st half of 2004
http://www.gan.ru/mto/semto/nedd_otchet-1.2004.htm
397 Information partly taken from: Agapov, A.M., Novikov, G.A., Radiologichesky
terrorism... www.informatom.ru/rus/safe/vena/Vena.asp (In Russian), and
M.I.Rylov, M.N.Tikhonov. Problemy radiatsionnoi bezopasnosti...//Atomnaya
strategiya, St. Petersburg, N1(6) June 200,. p. 32. (In Russian).
398 Information granted to the author in reply to an official inquiry to VNIITFA.

Mass-scale production of RTGs in the USSR was the responsibility of a plant called Baltiyets, in the city of Narva in
the former Soviet republic of Estonia. In the early 1990s, the
plant underwent major changes, including re-specialisation,
and stopped producing RTGs. Now called Balti EES, the
company confirmed to Bellona that it has no information
on the precise locations of those RTGs that it did produce.
Putting RTGs into operation was in the 1960s the responsibility of a now-defunct specialised organisation within
the Ministry of Medium-Level Machine Engineering
(Minsredmash), which later became Minatom and, more
recently Rosatom. RTGs were also put into operation by
the organisations that were to operate them.
E.5.1.Where They are and What Condition
They are in
Despite lacking documentation, it is known that 80 percent
of all RTGs are concentrated along Northern Sea Route.
They were delivered to hydrographic military units of
the Defence Ministry, as well as civilian hydrographic
bases scattered along the Northern Sea Route.
Considering the current dismal situation with RTG
accounting in Russia, several years ago VNIITFA took
upon itself the task of collecting information on RTGs
that operate both in Russia and other former republics
of the Former Soviet Union (FSU).

The institute's data point to the same fact: All 1,000
RTGs located in Russia have completed their projected
operation terms and urgently need to be delivered to the
Russian nuclear industry's specialized sites for dismantlement. As per the agreement with the Transportation
Ministry, VNIITFA annually sends specialists to inspect
RTGs at their operation sites. In 2001 and 2002, such
inspections were carried out at 104 RTG locations run
by the ministry.
Far East
The unsatisfactory condition of Russia's RTGs has also
become a focal point for Russia's nuclear regulators,
who specifically addressed the problem of RTGs operating in Russia's Far East in a 2003 report from the former GAN.399
In 2004, GAN stated that the most 'unfortunate' organizations, operating RTGs with serious safety violations,
are the Tiksinskaya, Providenskaya and Pevekskaya hydrographic bases of the SHS. Regulators reported that "condition of physical protection of RTGs is extremely low.
Inspections of RTGs are carried out rarely and mostly
not far from the bases themselves; several RTGs haven't
been inspected more than for 10 years due to lack of
qualified specialists."400

Abandoned RTGs in the Chukotka Autonomous District
Shalaurov Island

Radiation levels exceed those considered the accepted norm by 30 times.The RTG is
abandoned and unmonitored.

Nutevgi Cape

The RTG has undergone severe external damage.The generator was installed with no
regard to the dangerous influence of natural forces, in close proximity to thermokarst
depression. Additional damage may have been done to the RTG in March 1983, during a
transportation accident that the management specialists put under wraps.

Okhotnichy Cape

The RTG was lost in the sands due to tides, as it was installed in immediate proximity
to the inshore area.The accident was caused by the management team's incompetence.
The RTG is still kept on the site in violation of the law.td>
The RTG was installed 3 meters away from the edge of a 100-meter-deep precipice.
A crack in the ground can be traced throughout the site, causing the risk that the RTG
may be caught in a landslide together with big masses of rock.The installation was performed with no regard to the influence of natural elements, in this case, marine abrasion.
The RTG is kept onsite in violation of the law.
External radiation levels exceed accepted limits by 5 times.The cause of the abnormal
radiation levels is a design defect.The RTG is untransportable by routine methods.

Serdtse-Kamen Cape

Nuneangan Island
Chaplin Cape

The lower part of the RTG's carcass lacks a plug, radiation levels exceed the accepted
norm by 25 times.The RTG is located on the territory of a military base.The emergency
condition of the RTG is caused by the defective design of this type of generators.The
abnormal radiation levels were also kept under wraps by the maintenance team.

Chekkul Island

Radiation levels surpass the accepted limits by 35 percent at the distance of one meter
from the RTG's surface.

Shalaurova Izba Island

Radiation levels surpass the accepted limits by 80 percent at the distance of one meter
from the RTG's surface.

Table 58 Abandoned RTGs in the Chukotka Autonomous District.401
399 A report on the activities of GAN's branch of the Far Eastern Interregional
Territorial District in the field of nuclear and radiation safety regulation at the
sites of application of atomic energy, first half of 2003.
www.gan.ru/dvmto/otchet_1_2003.htm (In Russian).
400 Report of the Far-Eastern interregional territorial district on nuclear and radiation
safety for the 1st half of 2004 http://www.gan.ru/mto/dvmto/otchet_1_2004.htm

401 Information provided by the environmental NGO Kaira-Club, Chukotka region,
www.kaira.seu.ru/kv/kv0902p2.htm (In Russian), see also: M.I.Rylov,
M.N.Tikhonov. Problemy radiatsionnoi bezopasnosti...//Atomnaya strategiya, St.
Petersburg, N1(6) June 2003, p. 32 (In Russian).
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RTGs in states of emergency
Kondratiev Due to gradual decay of the shore-slope
Cape
rock, two Gong type RTGs sank down to
a 20-meter-depth inside a thick layer of
permafrost, which has been steadily thawing.
Makar
Cape

The dose exposure levels of the Efir type
RTG exceed the accepted norm by 10
times due to malfunction of the biological
protection shield.

Of the generators operated by the Tiksi Hydrographic
Base, 15 more RTGs have been established as surplus
and subject to removal.

Table 59 RTGs in states of emergency in Yakutia, the Tiksi
Hydrographic Base.402
In the Far East, according to various accounts, around 40
lighthouses powered by RTGs are scattered along the
shoreline of the Sakhalin Island, and 30 on the Kuril
Islands.The Far Eastern region of Chukotka, according to
official data, has 150 RTGs. Many of them are long
neglected, such as the RTGs in the Bay of Shelting and
on Cape Yevreinov. They belong to the regional Kolyma
Hydrometeorological Service, but were abandoned after
the monitoring service practically ceased to exist in the
region.403 The republic of Sakha-Yakutia has on its territory approximately 75 RTGs.
The Arctic Coast
The generators located on the islands in the Laptev Sea,
on the East Siberian and Arctic shores of the Anabar,
Bulun, Ust-Yana and Nizhnekolymsk Regions, are all the
responsibility of the Khatanga, Tiksi and Kolyma
Hydrographic Bases, as well as the Pevek buoy inspection team. But this responsibility is mostly on paper. The
operation of these North Sea Route RTGs meet no
radiation standards. In fact, authorities have effectively
lost control over 25 of these generators.404
The Siberian Territorial District owns more than 100
RTGs, the bulk of which are concentrated on the Taimyr
Peninsula. Another 153 RTGs are scattered along the
shorelines of the Barents and White Seas, of which 17
are located in the Kandalaksha Gulf.
According to VNIITFA director Nikolai Kuzelyov, "100
percent of RTGs located along the shore of the Baltic
Sea undergo yearly inspections. At the same time, we
have to admit that no RTG inspections have been conducted by VNIITFA specialists on the Arctic shores of
the Chukotka region because no such contracts have
been signed."405
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402 Information on the violations of licencing terms and the violations of laws,
federal norms and regulations in the use of atomic energy, information on the
actions taken against the violators, third quarter of 2002 web.archive.org/web/
20021024163030/http://www.gan.ru/dvmto/nlic-3.2002.htm(In Russian).
403 The Russian Ministy of Natural Resources.The State Report of 1997.
web.archive.org/web/20020223084209/http://www.ecocom.ru/arhiv/ecocom/
Gosdoklad/Section29.htm(In Russian).
404 Government of Sakha Republic (Yakutia), the Ministry for the Protection of
the Environment.The State Report "On the state of the environment and
activities in the field of nature preservation in the Republic of Sakha (Yakutia) in
2001," Yakutsk, 2002, www.sterh.sakha.ru/gosdoklas2001/zakl.htm(In Russian).
405 Kuzelyov, N.R., A review of "Problemy radiatsionnoi bezopasnosti..."//Atomnaya
strategiya, St. Petersburg, N1(6) June 2003, p. 33 (In Russian).

E.6. Incidents Involving RTGs
On November 12th 2003, the Hydrographic Service of
the Northern Fleet found a ravaged Beta-M RTG location
in the Bay of Oleniya -- which is part of the Kola Bay -- on
the northern shore, across from the entrance to the
Yekaterininskaya Harbour and near the naval town of
Polyarny.The team was conducting one of its scheduled
examinations of navigational equipment when it found
the RTG in ruins and all of its components missing, including the depleted uranium protection shield.The radioisotope heat source -- a strontium capsule -- was found
sunk in about three meters of water near the shore.
On November 13th 2003, the same inspection team
found a completely dismantled RTG of the same Beta-M
type, used to provide electricity to the navigation mark
No 437, located on the Island of Yuzhny Goryachinsky in
the Kola Bay, across from the now non-existent settlement of Goryachiye Ruchy, also close to Polyarny. As in
the previous case, the RTG was destroyed from top to
bottom, and all of its components stolen, including the
depleted uranium protection shield. The generator's
RHS was found on the ground near the shoreline in the
northern part of the island.The incident was classified as
a radioactive accident.406
The Federal Security Service (FSB) -- Russia's successor
to the KGB's counterintelligence service -- and the police
have begun a search for the alleged thieves and the stolen
RTG components that may turn up at metal scrap recycling
sites.
On March 12th 2003 -- the same day that Minister of
Atomic Energy Alexander Rumyantsev was expressing
concerns about security of nuclear materials during a
speech at a conference in Vienna, Austria (see Chapter 4)
-- military personnel at the Leningrad Naval Base discovered a vandalised lighthouse near Kurgolovo, a settlement on the shore of the Baltic Sea, on the Cape of
Pihlisaar on the Kurgalsky Peninsula.407
The thieves, attracted by the apparently simple prospect
of looting some non-ferrous metals, stole around 500
kilograms of stainless steel, aluminium and lead. As for
the radioactive power element, they threw it out into
the frozen sea some 200 meters away from the lighthouse. The "hot" strontium capsule melted the ice and
went down to the sea floor. But even though the ice
covering the spot where the RHS sank was one meter
thick, the gamma radiation exposure dose rate directly
above the sunken unit reached over 0,3 Sv/h.408

406 The Murmansk Regional Administration, Press release of 17.11.2003 No. 386
(In Russian). See also: Igor Kudrik, Rashid Alimov, Charles Digges.Two strontium
powered lighthouses vandalised on the Kola Peninsula.
http://www.bellona.no/en/international/russia/navy/northern_fleet/incidents/31767.html
407 Cape of Pihlisaar, 59°47'N 28°10'E.
408 GAN Statement www.gan.ru/4upr_spravka_2_2003.htm(In Russian).

A similar incident had occurred in the Leningrad region in
1999. An identical lighthouse was found completely
destroyed, and its radioactive power element discarded
at a bus station in the city of Kingisepp, 50 kilometres
away from the crime scene.Three people who the police
established were the perpetrators died from radiation

poisoning. Just as it was four years later, the task of liquidating that radiation accident was commissioned to
Radon.409
In May 2001, three radioisotope power sources were
stolen from lighthouses of Russia's Defence Ministry on

Accidents involving RTGs
1978
March
1983

Pulkovo Airport, Leningrad
Cape Nutevgi,
Chukotka Autonomous
District

A used-up RTG was transported without a radiation-safe transportation cask.410
An RTG suffered severe damage in a traffic accident while en routre to its
installation site.The accident was kept under wraps by the management team,
but the damage was in 1997 uncovered by an inspection commission, which
included experts from GAN.

1987

Cape Nizky,
Sakhalin region

1997

Dushanbe,Tajikistan

August
1997

Cape of Maria,
Sakhalin Region

An IEU-1 type 2.5-tonne RTG was dropped in the Sea of Okhotsk during
transportation by helicopter.The RTG, which belongs to the Defence Ministry,
has still not been recovered from the sea floor.
An increase in background gamma radiation levels was registered on the premises
of Tajikgidromet, the Tajik analogue of Rosgidromet, in the centre of the capital.
Three RTGs that had been used well beyond their safe operational periods were
stored at a coal storage yard. Due to Tajikistan's problematic relationship with Russia,
the RTGs were never sent to VNIITFA and fell victim to unknown scavengers.411
Another IEU-1 RTG was dropped in the Sea of Okhotsk during helicopter
transportation. As in the first accident, the RTG, which belongs to the Defence
Ministry, has never been recovered from the sea floor, where it lies at a mere
depth of 25 to 30 meters of water.

July
1998

Port of Korsakov,
Sakhalin Region

A dismantled RTG was found at a metal scrap recycling site.The stolen generator
belonged to the Defence Ministry.

1999

Leningrad Region

2000

Cape Malaya
Baranikha, Chukotka
Autonomous District
Kandalaksha Bay,
Murmansk Region

An RTG was found ravaged by non-ferrous metal looters.The RHS core was
found emitting 1000 R/h of radiation at a bus stop in the town of Kingisepp. It
was recovered by a Radon radioactive materials disposal team.
Access to this RTG, which is located close to a settlement, is unrestricted. In
2000, radiation background levels were found to exceed the accepted norm by
several times.The RTG still has not been evacuated due to financial difficulties.
Three radioisotope sources were stolen from lighthouses located in the area.
All the three RHSs were found and sent to Moscow by VNIITFA specialists.

May
2001
February
2002

West Georgia

March
2003

Cape Pihlissar, near
Kurgolovo, Leningrad
Region
Golets Island in
the White Sea

September
2003

November
2003

Three shepherds from the village of Lia in the Tsalendzhikha Region were
exposed to high radiation doses after they stumbed upon a number of RTGs in
a nearby forest. Shortly after the accident an IAEA commission established that,
during the Soviet time, eight nuclear-powered generators altogether were delivered to Georgia from the RTG producer Baltiyets.
An RTG was ravaged by non-ferrous metal scavengers.The RHS, emitting 1000
R/h, was found in 200 meters from the lighthouse, sunk in the shoals of the
Baltic Sea. It was removed by an expert team from Radon.
Northern Fleet service personnel discovered a theft of metal from biological
protection at a nuclear powered lighthouse on the small island of Golets.The
door inside the lighthouse had been broken into.The lighthouse contained a
particularly powerful RTG with six RHS-90s, which weren't taken.412

March
2004

Kola Bay: Oleniya Bay
and Yuzhny
Goryachinsky Island
Valentin village, Lazovsky
region of Primorsky Krai

Two RTGs, which are the property of the Northern Fleet, were ravaged by
non-ferrous metal thieves.The RHS-90s were found nearby, on sunken in shallow water, the other on shore.
An RTG, owned by the Pacific Fleet, was found dismantled by non-ferrous
metal thieves. RHS-90 was found nearby.413

July
2004

Norilsk,
Krasnoyarsk Region

Three RTGs found at the territory of military unit 40919. According to the
unit commander, these RTGs left from another military unit, previously based at
this site. Krasnoyarsk branch of GAN reported radiation dose at the distance
of one meter from RTG exceeds the natural background in 155 times. Rather
than solving the problem within the Ministry of Defence, the military unit, in
which RTGs were found, sent a letter to 'Kvant' radiation technics company in
Krasnoyarsk, asking them to take RTGs for disposal.414

Table 60 Accidents involving RTGs in the USSR, Russia and the Commonwealth of Independent States.

409 The author's interview with head of Radon Alexander Ignatov, April 2003;
press release of the NGO Zelyony Mir, www.greenworld.org.ru(In Russian).
410 Dovgusha,V.V.,Tikhonov, M.N., Radiatsionnaya obstanovka na Severo-Zapade
Rossii, St Petersburg, 2000 (In Russian).
411 Radiatsiya v tsentre Dushanbe, "Azia Plus", Dushanbe, April 2002
ecoasia.ecolink.ru/data/2002.HTM/000147.HTM (In Russian).

412 Norwegian Radiation Protection Authority. Stralevern info. 2004:07. ISSN
0806-895X o 25 March 2004. Also comments from NRPA's Ingar
413 Yurchenko,Y., "Polchasa - i trup," Zolotoy rog,Vladivostok, N21, March,18
2004, http://www.zrpress.ru/2004/021/p031.htm
414 Siberian branch of Federal Nuclear Regulatory Service. Svedeniya o
faktakh[…] v iyule 2004 goda.
http://www.gan.ru/mto/smto/smto/narush-7.2004.htm
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an island in the White Sea, in the area of the Kandalaksha
nature reserve in the Murmansk region. This reserve is
one of Russia's known centres of ecological tourism.Two
looters of non-ferrous metals received severe doses of
radiation. The "hot" RTGs were recovered and sent to
VNIITFA in June 2001. From there, they were transported
to the Urals chemical combine Mayak.The bill for all these
projects was footed by the government of the Norwegian
province of Finnmark under an agreement with the
administration of the Murmansk region as part of a bilateral programme, which envisions decommissioning of
RTGs at Russian lighthouses and replacing the radioactive
devices with solar batteries.

engineered life span and are thus considered a radioactive hazards.

In 1987, an IEU-1 type 2.5-tonne RTG was dumped in
the sea while being lifted and towed by helicopter of the
Far Eastern Administration of Civil Aviation to Cape
Nizky in the Okha region on the eastern coast of Sakhalin.
The order for the transportation was put by the Defence
Ministry's military unit No. 13148. The pilots explained
that the unusually windy weather was rocking the helicopter so violently that they had no other option but to
dispatch the load and dump it into the sea to avoid a
crash landing.

In further cooperation between Finnmark and
Murmansk, the two regions agreed to decommission 15
more RTGs -- 12 that are in normal working order and
the three that were vandalized for scrap early in 2004.
In June, 2002, a $200,000 agreement was signed between
the regions to decommission yet another 10 RTGs.

In August 1997, another IEU-1 type RTG fell from a helicopter into the sea in the Cape of Maria area of the northern part of Sakhalin in the Smirnykh region.The generator sank at a distance of 200 to 400 meters off the
coast in 25 to 30 meters of water. According to military
officials, the cause of the accident was the disengagement
of the lock of the sling load system due to human error.
Both RTGs are still lying on the sea bottom. So far, samples of the sea water in these areas have not shown
increased levels of strontium-90, but it should be noted
that the marine environment is a chemically active
medium, and the factor of several atmosphere of water
pressure adds to the risk of the RTGs' destruction.
According to VNIITFA, there have not been, until recently, any cases involving the destruction of the hermetic
sealing of an RHS-90, although there have been a number of serious emergency situations involving RTGs.415
These are shown in table 60 (previous page).

E.7. RTGs and International Efforts
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At first, five RTGs were replaced with Norwegian solar
panels under two agreements between Finnmark and
the Murmansk Region, signed in 1996 and 1998.The first
solar panel was installed in July 1997 at Bolshoi Ainov
Island nature reserve at a cost of $35,400.416 Under the
1998 agreement, another two RTGs were replaced with
solar panels in 1999 and 2000. The last, in 2002, was
installed at the Laush Lighthouse on the Rybachy
Peninsula. The radioactive sources from the RTGs are
sent to Mayak for storage.

On April 8, 2003, the governors of Finnmark and the
Murmansk region signed two new contracts, one more
for RTG decommissioning, and the second for testing
Russian-made solar panels. The agreement covering the
decommissioning includes another 20 RTGs and will cost
$600,000.The agreement for testing Russian-made solar
panels will cost $36,000.The panels will be produced in
Krasnodar at the Saturn plant, owned by the Russian
Federal Space Agency.417 The Russian panels will be tested
on a lighthouse in Murmansk and one in Finnmark .
By September 2004, 45 RTGs had been decommissioned in the Murmansk region in this joint effort, with a
plan to bring that to a total of of 60 by the end of 2004
-- 34 of them refitted with solar batteries.418 Some $3.5
million have been allocated to the project by the
Norwegian Government and the Country of Finnmark
thus far, but how much the programme will cost in the
future is difficult to estimate as it is highly dependent on
other potential donor nations.419
U.S. Efforts
After September 11, 2001, U.S. officials recognized Russian
RTGs as proliferation threat of radioactive materials that
could be used in a dirty bomb by potential terrorists.

The Norwegian Office of the Finnmark County Governor
runs a project to decommission RTGs owned by the
Russian Northern Fleet, and to replace many of them
with solar panels.These RTGs have long surpassed their

In September 2003, Minatom signed a technical agreement with the U.S. Department of Energy (DOE) for
dismantling and decommissioning of several RTGs420 under
the aegis of the DOE's Radiological Dispersal Device
Programme. According to the agreement, up to 100
RTGs per year will be decommissioned at the Mayak

415 Information granted to the author in reply to an official inquiry to VNIITFA.
416 The Murmansk Regional Administration. Statement on the international
cooperation of November 22d 2000,
www.murman.ru/ecology/comitet/report99/part7_5.html(In Russian).
417 Bolychev, P., "Bolshe kron," Murmansky Vestnik. Murmansk. April 12th 2003 (In
Russian).

418 Correspondence between the author and Ingar Amundsen of the Norwegian
Radiation Protection Authority, September 23, 2004.
419 Ibid.
420 Agapov's statements are quoted as made in reply to the author's question
about RTG decommissioning at a Minatom conference in St Petersburg,
September 1st 2003.

Chemical Combine. Furthermore, all the transportation
plans have been laid, and financial resources promised.
Meanwhile, since 2000, VNIITFA has decommissioned
only about 100 retired RTGs of various types421 so the
DOE agreement will boost that figure.
The DOE's budget for radiological dispersal devices,
which are most readily prepared from material housed
in RTGs, was $36 million for FY 2004 and the request
for the FY 2005 is $25 million.422 Decommissioning of
RTGs owned by Ministry of Transportation started in
August 2004, in the framework of the DOE program.
Additional information on the programme was not
forthcoming from the DOE.
The average cost for decommissioning an RTG hovers
between $30,000 and $40,000, according to available
figures. However, some RTGs in far flung regions like
Chukotka in the far Northeast of Russia can cost as
much as $120,000 to decommission.423 According to the
current protocol, RTG cores are dismantled in a special
laboratory at VNIITFA. The RHS-90 may be used for
energy purposes or qualified as a radioactive waste and
sent in special casks for decommissioning at the Mayak
Chemical Combine, where they are stored as solid
radioactive waste.

421 Information granted to the author in reply to an official inquiry to VNIITFA.
422 DOE budget information supplied by William Hoehn, III, director of the
Washington office of the Russian American Nuclear Security Advisory Council,
in correspondence with Bellona, September 17, 2004.
423 Information granted to the author in reply to an official inquiry to VNIITFA.
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