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IN PLACE OF A PREFACE
Over the past 20 years colossal effort has been expended in Northwest Russia to improve
nuclear and radiation safety. During this time, not only were environmental problems
intensively resolved. A long and complicated road was also travelled, which has changed the
relationship between Rosatom and public environmental organizations.
In the early 2000s, experts from the Bellona Foundation and its Russian offices where
unable to obtain permission to visit sites like Sayda Bay, Andreyeva Bay and Gremikha.
Representatives of Rosatom/Minatom, if they even associated with Bellona experts at all,
then it was exclusively with raised voices, and so-called “ecological tourists”—like journalists
and Bellona experts – were not only denied permissions to visit the sites, they were even
prohibited from attending international conferences where these problems and projects
and plans for rehabilitation were discussed. At the time, Russia’s nuclear officials didn’t
realize the importance of public participation in these projects, as well as public confidence
in this sensitive sphere.
At the same time, Bellona’s reports were popular with specialists, and international
experts were interested in the organization’s position on the discussed issues, though not
within the framework of official events. Bellona continued to carefully study information
and to prepare reports on the problems, participating in public assessments and discussions
of the topics.
In 2012, the first joint seminar of the Rosatom State Corporation and the Bellona
international environmental group was held in Moscow, the participants of which discussed
the condition of nuclear and radiation hazards of Northwest Russia and the prospects for
addressing them. This was a jubilee year – the Global Partnership program had just marked
its 10th year.
The parties wanted to share opinions, ideas and positions on all current projects. This
made it possible to establish trust and, going forward, such seminars became a regular
occurrence. They were held St. Petersburg, Murmansk, Oslo, gathering an increasing
number of participants from Rosatom structures, NGOs, specialized institutes, international
funds, as well as experts and representatives from donor nations and journalists.
The problem was considered the same – the disposal of the Cold War’s nuclear legacy;
but with each year, the steps taken to eliminate it and the difficulties they faced were more
and more openly and truthfully discussed.
The significance of the seminars and the international discussion they generate has grown
significantly following Rosatom’s unilateral decision in 2015 to terminate the activities of the
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Contact Expert Group (CEG), formed by the IAEA at the end of the last century to discuss
work on solving the problems of the Cold War where the dismantlement of the Russian
Navy’s decommissioned nuclear submarine was concerned.
At the end of 2020, due to the pandemic, the 9th informational seminar on the “Results of
the implementation of the federal target program for the comprehensive dismantlement of
nuclear submarines in the 2010-2010 period” was held online. The seminar brought together
experts from Moscow, Murmansk, St. Petersburg, Oslo, Tromsø, Drammen, London, Paris,
Vienna and Rome.
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SNF containers at Andreyeva Bay. Bellona Archive
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1. 1. Results of the implementation of the
Federal Target Program 2011-2020
The Federal Target Program (FTP) entitled the "Industrial disposal of nuclear submarines,
surface ships with nuclear power plants, nuclear service ships and the rehabilitation of
radiation hazardous facilities for 2011-2015 and for the period until 2020" was approved
by the Russian government in September 2011. This program is a continuation of the
previous federal program of 2005-2010.
The main goal of these programs is the elimination the nuclear legacy in Northwest and
Far Eastern Russia. The achievement of the goal was facilitated by certain tasks of the FTP
“Industrial dismantlement of nuclear submarines ...”:
-- dismantlement of decommissioned nuclear submarines and surface ships with
a nuclear power plant, as well as those that have served the established service life of
nuclear service vessels;
-- Creation of infrastructure allowing for the completion of dismantling of submarines
and surface vessels with nuclear power plant and nuclear service ships withdrawn from
service in the Russian Navy;
-- bringing the former coastal technical bases of the Navy into a nuclear safe state;
-- preparation and placement in long-term storage points of nuclear submarine reactor
blocks and hull blocks of nuclear service ships formed in the process of dismantling;
-- removal of spent nuclear fuel (SNF) for reprocessing from the sites of currently being
remediated, facilities posing radiation hazards(former onshore technical bases);
-- removal of solid radioactive waste (SRW) from the sites of disposal and rehabilitation
of radiation-hazardous facilities, their conditioning and placement for long-term storage;
-- reprocessing of liquid radioactive waste (LRW) accumulated and generated in the
process of ongoing disposal;
-- decommissioning and rehabilitation of facilities posing nuclear and radiation hazards;
-- carrying out medical and sanitary measures to protect health and reduce morbidity of
citizens participating in the dismantling of nuclear submarines and surface ships and ships
of anti-terrorist operations, the rehabilitation of hazardous facilities, as well as reducing
the risk to the health of the population living in the areas where they are located;
Due to the large volume of work completed before 2011, the following results were
achieved in the period 2011-2020:
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Storage site for reactor compartments in Sayda Bay, 2017. Bellona Archive

– Nine nuclear submarines, one surface ship with nuclear power plants, and 11 nuclear
service ships were dismantled;
– 153 reactor blocks of previously dismantled nuclear submarines were prepared for
placement for long-term storage, service ship hull packages were placed in the same longterm storage points;
– measures were taken to extend the time of keeping afloat 25 objects subject to
disposal;
– over 25 tons of spent nuclear fuel was processed, as were and over 6.5 thousand
cubic meters of LRW, more than 10 thousand cubic meters SRW;
– Eleven of a planned 12 capital construction facilities were commissioned, projects
for the rehabilitation of two hazardous facilities were developed.
In total, from 1986 to 2020, 206 nuclear submarines were withdrawn from the Navy –
123 in the Arctic zone and 83 in the Far Eastern Federal District. 199 of them were
dismantled: 120 in the Arctic zone and 79 in the Far East. There are 2 nuclear submarines in
the process of dismantlement (in the Far East), and five are still awaiting dismantlement-3 in the Arctic zone (still loaded with SNF) and 2 in the Far East.
Long-term storage facilities have received 189 single-compartment reactor blocks (123
in Sayda Bay, Murmansk region and 71 in the Far East), 4 floating reactor compartment
blocks are afloat (1 in the Arctic zone and 3 in the Far East), 5 reactor compartments are
awaiting cutting onshore (in the Far East).
As for nuclear-powered surface ships, one has already been scrapped and two are
awaiting their turn.

20 years of international cooperation
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Bow block packing and shelter building. Lepse floating technical base, 2018. Bellona Archive.

The SNF of nuclear submarines from the Primorsky Territory, Kamchatka and the
spent nuclear fuel of pressurized water reactors from the closed territory of Ostrovnoy
/ Gremikha (Murmansk region) have been completely removed, and the removal of SNF
from Andreyeva Bay and SNF of liquid metal reactors from Gremikha continues.
By the end of 2020, 16 anti-terrorist vessels were withdrawn from the Navy (10 in the
Arctic zone and 6 in the Far East). Of these, 11 vessels have been scrapped, 5 are awaiting
scrapping while still afloat.
A total of 6,664 cubic meters of LRO were reprocessed and 10,147 cubic meters of SRW
were brought into a safe state
As of the end of 2020, the objectives of the program have been met. Since the consistent
implementation of tasks continues, a decision has already been made to finance the
work until 2027. The scope of work has also been determined: dismantlement of nuclear
submarines decommissioned from the Navy and liquidation of the SNF storage facility in
Andreyeva Bay. At the same time, the issues of rehabilitating the facilities of Gremikha
and Andreyeva Bay to the state of a brown field are being decided.
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2. The Nuclear Legacy
Disposing of nuclear submarines

Thanks to international cooperation, it was possible to perfect technology and by
threefold reduce the time required for dismantling nuclear submarines awaiting their
turn for disposal. In 2008 the countries of the G-8 agreed at the Kananaskis summit to
allocate up to $20 billion to eliminate the Cold War legacy, including nuclear submarine
dismantlement.
In total, 130 of 199 nuclear submarines were dismantled with Russian funds, the rest
with the support of donor countries. The US, in particular, financed the dismantlement of
34 nuclear submarines, as well as the work on decommissioning RTGs and the creation of
systems for the physical protection of various facilities.
Thanks to funding from France, work was carried out at Gremikha, the decommissioning
and disposal of RTGs was carried out; the chamber of defective canisters were modernized
to receive substandard spent fuel assemblies (SFA) at the Mayak reprocessing site
(Chelyabinsk region); a 100-ton crane was installed at Atomflot, and the Zvezdochka
shipyard received a solid radioactive waste incineration furnace.
Great Britain financed the dismantlement of five nuclear submarines; the creation of
a support infrastructure and the supply of equipment for handling reprocessable spent
nuclear fuel from Andreyeva Bay and non-reprocessable uranium-zirconium spent nuclear
fuel from icebreakers stored aboard the Lotta floating technical base of Atomflot; the
radiation environment at the SNF storage facilities at Andreyeva was Bay improved the,
and physical protection equipment was installed at facilities posing radiation hazards.
With financial assistance from Germany, work was completed on the construction of
a long-term storage facility for reactor compartments in Sayda bay and a regional center
for the treatment and conditioning of radioactive waste was constructed; the water of
the Sayda Bay area was cleansed, and the infrastructure of the Nerpa Shipyard was built.
Additionally, equipment for handling radioactive waste (RW) and shipboard equipment
for moving reactor compartments at DalRAO was supplied.
Italy financed the dismantling of six nuclear submarines; the construction of separate
facilities for radioactive waste management at Andreyeva Bay; the construction of a
container ship for transporting spent nuclear fuel and radioactive waste called the
“Rossita”; a tugboat called “Rome - Moscow”; a pontoon dock named “Itarus” for the
transportation of large-capacity facilities; and the production of 10 containers for the
transportation of spent removable parts of Alpha class nuclear submarines.

20 years of international cooperation
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Current stages of international cooperation
Country

NORWAY

FINLAND

SWEDEN

Northern Dimension
partnership fund

ITALY

Project Name

Year iniated

Andreyeva Bay
The manufacture of non-standard equipment of SNF unloading
Development of an EIA for SNF unloading at tank 3A
Strengthening of territory near new transport plaorm

2020

Diagnosc tools for KNPP and LNPP equipment

2021

Diagnosc tools for KNPP and LNPP equipment

2021

Diagnosc tools for KNPP and LNPP equipment

2021

Andreyeva Bay
Decommissioning of a construcon waste landﬁll Modernizaon
of the sewerage system
An-radiaon shelter

2020

Diagnosc tools for KNPP and LNPP equipment

2020

Andreyeva Bay
Purchase of equipment, materials for a 3A tank, fabricaon
of a shelter and comprehensive bench tests

2022

Andreyeva Bay
Creaon of a complex for processing liquid radioacve waste
(contract signed)
Manufacturing of vehicles for LRW transportaon

2023

Source: presentation by A. V. Grigoriev, State Atomic Energy Corporation "Rosatom," at the video conference "Results of International
Cooperation on Elimination of Nuclear Legacy Problems," November 17, 2020..

Japan provided financial assistance in dismantling 6 nuclear submarines; supplied
two cranes for handling reactor compartments, a floating dock and a tug; financed
the construction of a painting shop for reactor compartments and the purchase of the
necessary equipment.
With financial support from Norway, five nuclear submarines were dismantled; an
infrastructure was created to ensure production, environmental and radiation safety;
physical protection of facilities in Andreeva Bay was provided; equipment for the removal
of spent nuclear fuel from Andreyeva Bay was supplied, its removal was begun.
Sweden funded preparations for the construction of radioactive waste management
facilities at Andreyeva Bay and Gremikha.
In 1998, 138 nuclear submarines loaded with spent nuclear fuel stood at the berths of
former military bases. In the mid-1990s, the total SNF activity of the nuclear submarines
waiting to be dismantled was 20 million Curie (740 MBq), and the total weight of the
radioactive structures to be dismantled was 150,000 tons. It was necessary to cut 1.5
million tonnes of nuclear submarine metal; to transport the spent nuclear fuel for
reprocessing to Mayak, and to send it all on more than 100 trains. The total cost of all of
these operations was about US $ 4 billion.

10

Elimination of the Cold War’s nuclear heritage

Formation of the stern block packaging of the Lepse at the Nerpa shipyard, 2016. Atomflot Archive.

The ﬂoating technical base Lepse
The Lepse was built in 1934 as a dry good ship. Later, in 1961, with the development
of nuclear technology and the construction of the Lenin, the Soviet Union’s first nuclear
icebreaker, the Lepse was converted into a floating technological base and was used for
refueling nuclear icebreaker reactors, as well as the storage of spent nuclear fuel and
radioactive waste.
From the 1960s to 1981, the ship was used to refuel reactors aboard the icebreakers
Lenin, Arktika, and Sibir. In 1981, the Lepse ceased its active activity and was thereafter
used as a floating storage facility for spent nuclear fuel and radioactive waste and
radioactively contaminated equipment. On one of its voyages, the Lepse was caught in a
severe storm, as a result of which significant amounts of radioactive water seeped into its
SNF storage holds, which later could not be completely decontaminated.
During the reloading of nuclear icebreakers in the Lepse’s storage hold, violations of
the geometric dimensions of spent fuel assemblies was documented. To load the SFAs
into storage casings, workers hammered them into storage canisters. In this regard, the
removal of spent fuel assemblies from the canisters has become problematic.
In 1988, the Lepse was decommissioned, and in 1990, it was transferred to the category
of a “laid up vessel,” For decades, the ship was moored at a berth at Atomflot.
There were 639 spent fuel assemblies on board the Lepse. Most of them (620 pieces)
were placed in the cases of two storage tanks, and 19 pieces in the caissons of the storage.
The spent fuel assemblies had corrosion damage, accompanied by a change in the
geometric dimensions and fuel composition spillage, which prevented easy removal of
the spent fuel assemblies from the vessel according to technological schemes.

20 years of international cooperation
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In the late 1980s, question arose of how to dispose of the Lepse, but first it would be
necessary to unload its spent nuclear fuel. In 1994, finding a solution to the problem of
the Lepse was included in the Barents / Euro-Arctic Region Work Plan as a priority. In
1995, the Advisory Committee for the Lepse project was established.
The Lepse dismantlement was supported by the Northern Dimension Environmental
Partnership of the European Bank for Reconstruction and Development (EBRD), whose
Nuclear Window program has accumulated funds for projects to eliminate the nuclear
legacy of the Cold War. In addition to Lepse and Andreeva Bay, the EBRD manages the
Chernobyl New Safe Confinement Fund.
Countries like as Norway, Belgium, Canada, Great Britain, Finland, France, Germany
and the Netherlands, as well as the European Union, provided funding for the Nuclear
Window program.
Allocating money for the Lespe’s dismantlement along with all the associated
bureaucratic procedures and approvals, took about 20 years.
In 2001, thanks to the Bellona Foundation, on the territory of Atomflot, a modern
residential and working complex was built for the 24-hour crew that serviced the ship.
The Lepse Village project was conceived and financed by Bellona, and was implemented
thanks to cooperation with the Murmansk Shipping Company. Container houses were
fabricated by the Norwegian company UNITEAM A.S. The total cost of the project was
NOK 920 thousand.
The Lepse Village, located 100 meters from the ship, was a complex of 12 assembled 20foot containers, which were equipped with kitchens, sleeping quarters and the necessary
technical rooms. One of the modules of the complex accommodated redundant equipment
for fire alarms, radiation monitoring systems and nuclear safety. Crew members had full
control the Lepse environment from the Lepse Village. All they had to do was to make
periodic rounds of the premises of the ship.
In the fall of 2012, the most radioactively hazardous vessel in the North of Russia set off
on its last voyage. It was towed to the Nerpa shipyard (Snezhnogorsk, Murmansk region).
After several years of preparatory work, in mid-May of 2019, technicians at the shipyard
began cutting out the first canisters of spent fuel assemblies.
By August 2020, 620 spent fuel assemblies from Lepse had been removed and
transported from the Nerpa shipyard to Atomflot, from where they were transported
by special trains for reprocessing at Mayak. In 2021, the plan is to start unloading SNF
from caissons containing the 19 damaged spent fuel assemblies. All technologies for this
operation have already been developed. In the same year, the block packaging for the
Lepse will be prepared for transfer to long-term storage in Sayda Bay. The transfer itself is
scheduled for 2022.
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Andreyeva Bay. RosRAO archive

Andreyeva Bay
Goal: removal of accumulated spent nuclear fuel, disposal
of radioactive waste, rehabilitation of territory
Extracon and shipment of SNF

2744 SFAs/yr

Stored SNF (legacy)

~ 20 000 SFAs

Stored SRW (legacy)

~ 18 000 m3

Andreyeva Bay, the former coastal technical base of the Northern Fleet is located on
the coast of the Barents Sea on Motovsky Bay in the Murmansk region and is one of the
biggest radiation hazards in Nortwest of Russia, and has been housing spent nuclear fuel
since the 1960s.
Russia first came to grips with the inventory of the facility in 1995. It was then that
the Murmansk Regional Committee of Ecology and Natural Resources for the first time
in the existence of Andreyeva Bay carried out an inspection and prohibited its further
operation. At that time, the facilities at Andreyeva Bay were divided into two categories:
those classified as a dangerous situation and those as an extremely dangerous situation.
The accrued material at Andreyeva Bay included 18,000 cubic meters of SRW, 1,300
cubic meters of LRW, and the SNF from approximately 100 nuclear submarine reactors
(~20,000 SFAs which were stored in approximately 3000 canisters).
History of the problem: In the 1960s-1970s, a pool-type storage facility (building No. 5)
was built at the Andreyeva Bay for the temporary storage of spent nuclear fuel.

20 years of international cooperation
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The “wet” SNF storage was made of rectangular chambers (pools), lined from the inside
with thin-walled sheets of ordinary steel. The spent nuclear fuel was stored in cassettes
(5 to 7 spent fuel assemblies) with chain suspensions on special brackets under a layer of
water (about 4 m), which served to protect personnel from radiation.
However, in 1982, a radiation accident occurred inside the building. Building structures
collapsed (a crack appeared in one of the building walls), and radioactive water began to
leak from the storage pools into the environment. In order to prevent things from getting
worse, it was decided to reload the canisters containing the spent fuel assemblies into
the converted storage tanks for liquid radioactive waste, designated as 2A, 2B and 3A. At
the same time, the radiation situation deteriorated significantly. After the completion of
these efforts, fragments of spent fuel assemblies remained at the bottom of the pools in
building No. 5.
Removal of spent nuclear fuel for reprocessing required improving the radiation
situation on the territory and within the SNF and radioactive waste storage facilities
themselves in order to create safe conditions for unloading.
When responsibility for the facility was transferred to the Northwest Center for
Radioactive Waste Management (SevRAO), the cleanup process had to be stared from
scratch: Decisions had to be made on creating an infrastructure, on determining the
sequence of fuel unloading, etc. Donor countries came to the rescue: Italy and Sweden
financed radioactive waste management efforts, and the European Commission, Norway,
Sweden, Great Britain, and the EBRD helped fund spent nuclear fuel management. The
support infrastructure was funded by the EBRD, Norway and Sweden.
The construction of the necessary infrastructure began in 2001. Since that time,
a mechanical repair shop, a decontamination site, a sanitary inspection room, a laboratory
complex, an engineering infrastructure, a power supply network, a storage area for
transport packaging sets (TUK) and, most importantly, a shelter for containers with SNF
with powerful biological protection have all been built.
In 2017, the infrastructure was put into operation, allowing SevRAO to remove the first
batch of spent nuclear fuel from Andreyeva Bay. Since then, the vessel Rossita, specially
built for this purpose, has been regularly transporting spent nuclear fuel from the base to
Atomflot, from where it is delivered by special trains to Mayak.
To implement this international project, so unique in complexity and duration, and
carried out with the active participation of environmental organizations, more than
9 billion rubles from Russia and 165 million euros from seven foreign countries was
required, as well as seven years of pre-design and design work and 10 years of preparatory
work.
In 2019, four trains with spent nuclear fuel left Andreyeva Bay "SevRAO". Three more
departed in 2020. Each echelon contained 14 TUKs, each TUK containing 7 canisters, and
each canister containing 7 spent fuel assemblies.
Spent fuel assemblies are in the process of being unloaded from the dry storage tanks
2A and 2B, however, some of the assemblies are defective and cannot be removed. It is
planned to start work with defective assemblies in 2021.
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In 2019, the EBRD financed the removal of spent fuel assemblies from the bottom of
the pool in building No. 5. Robotics were used to avoid exceeding personnel dose loads.
The wreckage was loaded into cases of the TUK-108 type. Thus, Building No. 5 has been
completely freed of nuclear materials.
In 2022 to 2023, SevRAO intends to start working with transport containers TK-6, TK11, TK-12 with SNF of the Northern Fleet, which were previously stored in an open area
(since 1994, the use of containers of this type is prohibited). A temporary shelter was built
aside building No. 5 to provide the safe storage for these 19 containers.
The infrastructure created in Andreyeva Bay allows cleanup personnel to work safely
the whole year round, regardless of weather conditions. As such, from May 2017 to the
end of 2020, 8 183 spent nuclear fuel assemblies were transported from Andreyeva Bay
for reprocessing in 12 echelons (representing 38% of the total). In 2022 to 2023, it is
planned to start unloading SNF from tank 3A. The final removal of all SNF (both conditioned
and substandard) is planned to be completed by 2028. Decommissioning of the most
problematic structure at the facility (building No. 5) is planned to begin by 2025.

Project dynamics for removing SNF and RAW from Andreyeva Bay
2002

2020

~ 22 000 SFAs

~ 14 503 SFAs

18 000

11 177

SNF and RW accounng data

Not available

Paral

Documentaon

Not available

Restored

Infrastructure

Not available

Established

Rehabilitaon project

Not available

Developed

Security

Not available

Available

Quanty of SNF
Quanty of SRW (cubic meters)

Source: Presentation by A. V. Grigoriev, of the State Atomic Energy Corporation Rosatom, at the video conference entitled "Results of
international cooperation to eliminate nuclear legacy problems," November 17, 2020.
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Closed administrative district of Ostrovnoy, before 1981, Gremikha. Bellona Archive

Gremikha
Goal: disassembly of spent removable parts of nuclear reactors with liquid
metal coolant, removal of radioactive waste, rehabilitation of territory
Disassembly of spent removable parts
of liquid metal cooled submarine reactors

1 spent removable parts/year

Stored SNF (legacy)

3 spent removable parts + ~ 55 SFAs

Stored SNF (legacy)

~ 1500 m3

The Gremikha division (formerly Branch No. 2 of SevRAO) was established in 2000 on
the basis of the 574th coastal technical base of the Northern Fleet. Initially, Gremikha
had an open storage area for spent nuclear fuel and solid radioactive waste with two
types of spent nuclear fuel: that from water-cooled reactors and from reactors with
liquid-metal coolant (LMC) of Alpha-class nuclear submarines. A total of 116 containers
were accumulated there with spent nuclear fuel, many of which were in an unsatisfactory
condition.
In France in 2003, Russia presented its concept for the ecological rehabilitation of
Gremikha within the framework of the Global Partnership program. Apart from Russia,
the participants and donors to the future project are France, Italy, USA, Sweden, EBRD
and Technical Assistance to the CIS (TACIS). Funding for a 10-year period was estimated at
70 million euros from each side.
The Gremikha rehabilitation program provided for the implementation of measures to
ensure the safety of personnel during work on the site; preparation of necessary systems
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and infrastructure equipment and unloading of SNF from reactors with liquid metal cores
and their subsequent disposal; development and implementation of plans for the removal
of SNF from the facility, unloaded from both liquid metal core reactors and VVR reactors;
development and implementation of projects for the treatment and subsequent removal
of SRW and LRW from the facility, as well as the rehabilitation of buildings, structures and
the facility’s territory.
While preparations were underway for unloading the spent removable parts, the
main buildings, structures and systems necessary for the work were repaired. After the
restoration of the infrastructure in 2005, the first unloading the spent removable parts of
nuclear submarine reactors of the 705K, order 105 type was carried out. In 2011 to 2012,
for the first time in the world, work was carried out to prepare and unload SNF from the
damaged reactor of the nuclear submarine of project 705, order 900.
In 2012, work with SNF from pressurized water reactors was completed. In the
period between 2008 and 2012, 898 spent fuel assemblies were removed, including
141 substandard ones – meaning that all fuel of this this type was removed. For the
transportation of spent nuclear fuel by sea, a special tanker called the "Serebryanka" was
re-equipped for these purposes.
Among the urgent tasks for 2021-2025 are the removal of spent removable reactor parts
not containing spent nuclear fuel, inspection and removal of spent nuclear fuel fragments
from the SRW temporary storage site and building No. 19, as well as the rehabilitation of
the territory.
In Gremikha, dismantling of nuclear submarine active zones based on liquid metal cores
continues. In total, 11 such submarines were created in the USSR: seven active zones have
already been dismantled, and four remain. On the territory, one core is processed per
year in order to prevent personnel overexposure.
Removal of spent nuclear fuel and spent removable parts of nuclear reactors from
Gremikha required the modernization of production and technologies at Mayak.
For defective spent nuclear fuel, France paid for modernizations and Russia paid for
modernizations to reprocess spent removable reactor parts.

20 years of international cooperation
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Coastal storage for decommissioned nuclear submarines at Sayda Bay. 2016. Bellona Archive

Sayda Bay
Goal: formation and storage of blocks of nuclear submarine reactor compartments,
radioactive waste conditioning
Storage of RW blocks

178 units

SRW storage capacity

80 000 m3

RW condioning

1300 m3/year

Formaon of RW blockks

5 units/year

Sayda Bay is located 60 km north of Murmansk, not far from the Nerpa shipyard
(Snezhnogorsk). In 1990, Russia began to dispose of the first of its laid up nuclear
submarines, and the reactor compartments were cut out and moved to Sayda Bay. The
number of reactor compartments at the floating piers in the bay grew every year, and
by 2003 there were already about fifty of them. It was planned that the compartments
would be afloat at Sayda Bay for no more than 10 years, and then moved to secure storage
facilities. But by 2003, the construction of the onshore RW storage site had not begun. The
temporary storage of the reactor compartments in Sayda Bay’s waters was protracted.
In October 2003, an agreement was signed between Germany’s Federal Ministry of
Economy and Labor and Russia’s Ministry of Atomic Industry on the construction of an
onshore storage facility for decommissioned nuclear submarines.
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Sayda Bay is located 60 km north of Murmansk, not far from the Nerpa shipyard
(Snezhnogorsk). In 1990, Russia began to dispose of the first of its laid up nuclear
submarines, and the reactor compartments were cut out and moved to Sayda Bay. The
number of reactor compartments at the floating piers in the bay grew every year, and
by 2003 there were already about fifty of them. It was planned that the compartments
would be afloat at Sayda Bay for no more than 10 years, and then moved to secure storage
facilities. But by 2003, the construction of the onshore RW storage site had not begun. The
temporary storage of the reactor compartments in Sayda Bay’s waters was protracted.
In October 2003, an agreement was signed between Germany’s Federal Ministry of
Economy and Labor and Russia’s Ministry of Atomic Industry on the construction of an
onshore storage facility for decommissioned nuclear submarines.
In 2004, the construction of the onshore complex began. The project was funded by the
German government. German companies, together with Russian specialists, developed
technologies and were directly involved in the construction of the entire infrastructure
of the onshore storage facility. A unique system was created for the transportation of
radioactive waste from scrapped submarines.
In 2005, work began at the site on preparing a concrete slab on which radioactive
waste and reactor block-packages would be stored. In total, about 300 thousand cubic
meters of soil were removed, about 200 thousand cubic meters of which were blown out
and carried away. In general, more than 1 million cubic meters of materials were moved.
In addition, underwater work was carried out to remove soil and prepare a “cushion” for
landing a floating dock.
The coastal storage facility for dismantled nuclear submarines is designed for 150
units of radioactive waste storage and 25 sections of nuclear surface vessels and ships. In
December 2014, the construction of a regional center for the treatment and conditioning
of radioactive waste was completed in Sayda Bay. The complex can receive radioactive
waste for temporary storage.
Today, there are 123 submarine compartments at the long-term storage site. The
annual volume of conditioned SRW is about 1,000 cubic meters.

20 years of international cooperation
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3. Sunken objects
The practice of scuttling radioactive waste arose at the dawn of the atomic age. Thus,
the United States began to sink radioactive waste in the Pacific Ocean in 1946, followed
in 1949 by Great Britain, which dumped its radioactive waste in the North Atlantic, and in
1965 the Soviet Union first began sinking its waste in Arctic seas.
Such operations were considered the norm until 1975, when the London Convention
on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter came into
force, although it took many more years for all parties to the convention to agree to a
complete ban on dumping any radioactive material into the ocean environment.
The USSR and then Russia carried out operations for the disposal of solid and liquid
radioactive waste generated by the operation of nuclear ships and vessels, however, they
denied such activities when the IAEA collected information on sunken objects for a special
collection the agency produced in 1991. From 1959 to 1992, more than 80 campaigns to
sink radioactive objects were carried out in the Arctic.
In 1993, the Russian presidential administration published a report called "Facts and
problems associated with the disposal of radioactive waste in seas surrounding the
territory of the Russian Federation" (also called the "White Book"), where for the first
time the government recognized all the facts of the dumping activities.
In 2012, Russia published updated data on the practice of dumping objects containing
spent nuclear fuel, radioactive waste and nuclear reactors in Arctic seas. The data noted
that some 17,000 containers with radioactive waste, 19 ships with radioactive waste,
14 nuclear reactors, five of which contain SNF, 735 units of radioactive structures, have
been sunken near the Novaya Zemlya archipelago in the Kara Sea. Also at the sea bottom
are the K-159 nuclear submarine, which sank in the Barents Sea, and the Komsomolets
nuclear submarine, which sank in the Norwegian Sea.
The total activity of all sunken objects is 1 million Curie (37 PBq), and the cost of raising
the most dangerous of this debris is estimated at 26 to 32 billion rubles.
Most containers of radioactive waste in the sea are iron boxes. Sunken more than
30 years ago, they are by now practically collapsed and are in an unsatisfactory condition.
As such it is probably useless to discuss their extraction from the sea bottom.
In 2019, a study on solutions to the problem of these objects sunken in the Barents
and Kara Sea was carried out by experts from European countries on funding from the
European Commission.
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The decommissioned K-159 nuclear submarine, Kola Peninsula. The sub sank in the early morning hours
of August 30, 2003. Bellona Archive

On the Russian side, the Institute for the Safe Development of Atomic Energy (IBRAE)
of the Russian Academy of Sciences and experts from other organizations participated on
the report. The report collected, systematized and refined data on all dumped nuclear and
radiation hazards and formed their primary reference. All data were analyzed by different
methods in order to identify the most dangerous objects. As expected, they turned out to
be objects with spent nuclear fuel and nuclear materials on board.
The working group identified the top six objects about which decisions need to be
made.
The K-159. The K-159 submarine sank in 2003 at a depth of 248 meters. This is the only
object located in the Barents Sea. The wreck is located on the seabed not far from the
entrance to the Kola Bay, where there is a busy shipping and fishing industry, and people
live nearby. It is important to note that all other objects discussed here underwent special
mothballing preparations before they were sunk. But the K-159 did not, and was being
prepared for disposal when it sank as a result of an accident.
The К-27. The K-27 submarine was scuttled in the Kara Sea in Stepovoy Bay in 1981.
The potential threat posed by this nuclear submarine is due to its liquid metal reactor.
The submarine was prepared for sinking by filling it with bitumen, concrete and furfural.
However, the furfural failed to fill all the volumes, leaving air and condensate inside. The
submarine has been included in the list of priority sunken objects because of the high
enrichment of nuclear fuel, the shallow depth at which it lies (33 meters), the unreliability
of its protective barriers, the diminishing service life of the furfural sealant (which has a
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50-year manufacturer's warranty), the possibility of a spontaneous chain reaction, and
the limited resources at Gremikha for nuclear submarines with liquid metal reactors.
The reactor compartment containing SNF from the K-19 submarine of project 658,
order no. 901. In 1961, while the nuclear submarine was sailing in the Greenland, Sea, a
water leak was discovered in the primary circuit of the reactor, which was irreplaceable by
the standard procedures. All compartments of the nuclear submarine were contaminated
with radiation. The boat was towed to the town of Polyarny, Murmansk region, where the
reactor compartment was sawed out and replaced with a new one. The K-19’s reactor
compartment, consisting of two reactors containing spent nuclear fuel, was sunk in 1965
in Abrosimov Bay (Novaya Zemlya archipelago) at a depth of 20 meters. In 2000, the
residual radioactivity was estimated at 16.9 ÷ 17.6 kCi (625.3 ÷ 651.2 TBq).
The reactor compartment containing SNF from submarine K-11 of project 627A, order
no. 285. In 1965, while the reactor cores aboard the K-11 nuclear submarine were being
refueled at the Zvezdochka shipyard, a spontaneous chain reaction occurred in one of the
reactors, leading to a thermal explosion and a fire in the reactor compartment. The accident
was accompanied by massive radioactive contamination of the reactor compartment. The
reactor was cut out of the submarine and replaced with a new one. The stricken reactor
compartment, containing two reactors (SNF in the left side reactor), was sunk in 1965 in
Abrosimov Bay at a depth of 20 meters. In 2000, the residual radioactivity was estimated
at 15.2 kCi (562.4 TBq).
The reactor compartment containing SNF from the K-140 submarine of project
667B, order No. 421. In 1968, the K-140 submarine experienced a spontaneous rise of
the reactor compensating grids due to errors in connecting the electrical supply to the
propulsion system, which caused a spontaneous chain reaction. The subsequent jamming
of the central compensating grid could indicate damage to a part of the fuel rods in the
reactor core. The accident had practically no radiation consequences, but the reactor was
dismantled. The left side reactor containing spent nuclear fuel was sunk in 1972 in the
Novaya Zemlya depression at a depth of 300 meters. In 2000, the residual radioactivity
was estimated at 6.8–7.6 kCi (251.6–281.2 TBq).
All three of the above reactor compartments were sealed using a hardening radiationresistant preservative comprised of furfural. The main danger posed by the reactors is the
spent nuclear fuel they contain.
In addition to these submarine reactor compartments, the screen assembly of the
nuclear-powered icebreaker Lenin, sunk in 1967 at a depth of 50 meters in Tsivolki Bay
(Novaya Zemlya archipelago), is on the priority list. It contains the highest radioactivity
among the objects with spent nuclear fuel dumped in the Kara Sea. Should its protective
barriers corrode, or its container depressurize, the radiation situation in this part of
the Kara Sea could noticeably worsen. In 2000, the residual radioactivity of the screen
assembly was estimated at 10.4 ÷ 13.5 kCi (385 ÷ 500 TBq).
For each of these six objects, models of hypothetical accidents accounting for the
release of radionuclides into the environment were developed. Since an accident can
also occur during the ascent of an object to the surface, scenarios simulating release of
radionuclides both in the marine environment and in the atmosphere were calculated.
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In particular, it was calculated that should an accident occur while the K-159 is being
raised to the surface, releasing radionuclides, then the radionuclides would move east
from the source, mostly excluding transboundary migration toward Norway. Nevertheless,
such concentrations could arise that they would necessitate imposing a ban on the
fishing in the Norwegian and Russian parts of the Barents Sea for up to three months.
The estimated damage from such a move is estimated at 40 million euros per month for
Norway and 80 million rubles per month for Russia.
Based on calculations for possible distribution of radionuclides into the environment,
data were analyzed to select the most appropriate way of handling each object – and that
analysis forms the basis for a recommended action plan. For some of the sunken objects,
prompt recovery and disposal are required. For others, it is enough to create additional
insulating shelters at the sea bottom and to continue monitoring.
The Russian Ministry for the Development of the Far East and the Arctic has prepared
regulatory documents for work with sunken objects. All federal executive authorities are
now in agreement on this document. There is a draft order for the nuclear submarines
K-159 and K-27 specifying the creation of a working group, the preparation of a plan for
the research and lifting of nuclear submarines, as well as their subsequent dismantling.
The document is to be coordinated with the Russian government. Our country has also
agreed to participating with international organizations in this project.
Experts have concluded that the best solution for the K-159 and K-27 submarines is
to raise them from the sea floor and to dispose of them thereafter. Russia already has
a well-established infrastructure for cleaning up radioactive objects in the Arctic. But it
lacks specialized vessels capable of lifting sunken and submerged structures from the
seabed. These, however, can be rented from other countries within the framework of
international cooperation.
The cost of lifting the two facilities is at least € 80 million, but much will depend on their
condition. Thus, work to raise the K-27 could take 3 or 4 years and is estimated at 48-65
million euros; work on lifting K-159, also planned over a 3-year timeframe, cost some
58 million euros to raise. It could take at least 8 years and € 180 million to lift all six objects
(of which € 160 million is directly for the lifting operation itself).
In the beginning of 2021, the Russian Federation assumed the rotating chairmanship
of the Secretariat of the Arctic Council, and is preparing a program that would include
projects to raise sunken nuclear and radiation hazards. At this point, we are discussing
lifting two objects containing nuclear fuel. In the future, it will be possible to talk about
lifting other objects with spent nuclear fuel, since they contain more than 90% of the total
activity of all of the dumped ones. That is to say that they are the most radioactive.
The problem of these sunken objects has been discussed in our country for more than
two decades. According to the latest Arctic strategy, signed by Russian President Vladimir
Putin, work in this direction should be completed in 2030.
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CONCLUSIONS
The 9th informational workshop was the most authoritative seminar at which the results
of the federal target program on eliminating Russia’s nuclear legacy were discussed. The
seminar provided the opportunity to present the leaders who are solving the problems of
global partnership both in Russia and abroad.
The results of the Federal Target Program were assessed by representatives of the
Norwegian Radiation Safety Agency (NRPA, DSA), the Italian company SOGIN, the IAEA,
the Nuclear Energy Agency of the OECD, the European Union, the European Bank for
Reconstruction and Development, the French and Norwegian Embassies, FMBA Russia,
the Administration of the Murmansk Region, the Murmansk Regional Duma, the Ministry
of the Russian Federation for the Development of the Far East and the Arctic, OSK, SZTs
SevRAO, the Logistics Center Yatts, Nerpa, Zvezdochka, Atomflot, and the Institute for
Safe Development of Nuclear Energy (IBRAE) of the Russian Academy of Sciences. Their
participation testifies to the relevance of the topic and allows us to hope that the next
seminar will be as interesting and and will give interested parties an understanding of
how the work to eliminate the largest part of the nuclear legacy left by the Cold War is
progressing.

THE RESULTS OF 20 YEARS OF WORK IN THE ARCTIC
Disposed of:
121 (of 125) nuclear subs

Disposed of 7 (of 12 )
supply vessels

Place in onshore storage:
121 containers of RW

Taken to reprocessing:
98.5%
of nuclear sub SNF

Taken to reprocessing:
97%
of SNF from the Lepse

Taken to reprocessing:
37% of SNF
from Andreyeva Bay

Taken to reprocessing:
72% of SNF
from Gremikha

Moved to the regional
center of RAW management:
2 300 cubic m of RAW

Disposal of Sibir
and Arktika nuclear
icebreakers started
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