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Introduction 
25 military surface vessels (Russia, USA, France) (table 1) and 12 Civil Fleet vessels 

with nuclear powered installation (Russia, USA, Japan, Germany) (table 2) have been biult by 
the time being. 

3 cruisers with nuclear powered installations have been dismantled under 
Ship/Submarine Recycling Program (SRP) in the USA. 

Two surface vessels with nuclear powered installations are out of operation and 
supposed to be dismantled in Russia: heavy nuclear missile cruiser "Admiral Ushakov" and 
nuclear communication vessel "Ural", under the international classification these are 
correspondingly "Balkom-I" and "Kapusta" – class vessels. 

"The Conception of the complex dismantlement of NPS and surface vessels with 
nuclear powered installations"1 says: "The wide range and long duration, complexity and 
capital intensity of works on dismantlement of NPS and surface vessels with nuclear power 
installations, the need of finding the solution for nuclear, radiation and environmental safety, 
all this makes the problem of complex dismantlement of NPS and surface nuclear powered 
vessels the national foreground task of Russia." 

 
Table 1 – Constructed, decommissioned and dismantled navy surface nuclear powered 

vessels 
 

Country Name of the constructed 
vessel Decommissioned Dismantled 

Russia Cruisers: 
1. Admiral Ushakov 
2. Admiral Lazarev 
3. Admiral Nahimov 
4. Peter the Great 
Communication vessel: 
1. Ural 

 
+ 
- 
- 
- 
 

+ 

 
- 
- 
- 
- 
 
- 

Total 5 2 0 
Cruisers:   
1. Long Beach + - 
2.Bainbridge + + 
3. Truxtun + + 
4. California + - 
5. South Carolina + + 
6. Virginia + - 
7. Texas + - 

USA 

8. Mississippi + - 
                                                 
1 Approved by the Minister of Russian Federation for Nuclear Energy on the 30.01.2001. Ordered to be followed 
by the order of the Government of RF of 17.02.2001 No. IK-P7-02738. 
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Country Name of the constructed 
vessel Decommissioned Dismantled 

9. Arkansas + - 
Aircraft carriers:    
1. Enterprise - - 
2. Nimitz - - 
3. Dwight D. Eisenhower - - 
4. Carl Vinson - - 
5. Theodore Roosevelt - - 
6. Abraham Lincoln - - 
7. George Washington - - 

 

8. John C. Stennis - - 
 9 Harry S. Truman - - 
 10. Ronald Reagan - - 

Total: 19 9 3 
France Aircraft carrier:   
 Charles De Gaulle - - 

Total: 1 0 0 
Total in the 
world 

25 11 3 

 
 

Table 2 – Civil ships with nuclear powered installation 
 

Russia USA Germany Japan 
Ice breakers:    
Lenin Savannah Otto Hahn Mutsu 
Arctica    
Siberia    
Soviet Union    
Russia    
Jamal    
Taimyr    
Vaigach    
Lighter-abourd 
vessel: 

   

Sevmorput    
 

President of Russian Federation V.V.Putin approved the following documents on the 
4th of December: 

− "Fundamentals of the state policy in the area of ensuring nuclear and radiation 
safety of the Russian Federation for the period up to 2010 and further perspective"; 

− "Fundamentals of state policy in the area of chemical and biological safety of the 
Russian Federation for the period up to 2010 and further perspective". 

These documents determined that: "The objective of the state policy in the area of 
ensuring nuclear, radiation, chemical and biological safety is gradual reduction up to the 
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minimal acceptable level of the man-caused impact of hazardous factors towards public, 
industrial and social infrastructure and the environment during the use of nuclear power". 

Decommissioning of surface nuclear powered vessel "Admiral Ushakov" and its 
staying afloat waiting for the dismantlement in Severodvinsk supposed to be nuclear, 
radiation and ecological danger and heightens social tension. 

By now there is a number of a scientific, engineering and organizational issues to be 
solved in order to ensure the dismantlement of nuclear powered surface vessel of Admiral 
Ushakov Class, absence of conceptual solutions as well as design and technological 
documentation for complex industrial dismantlement – all this makes the problem of 
dismantlement of surface nuclear powered vessels one of the urgent ones together with NPS 
dismantlement and that can be solved in Russia only with international assistance. 

Acting in RF: 

− for organizations (enterprises) involved into design of ships – GOST Р В 50639 
"Ships and vessels of the Navy. General technical requirements on operation, refit, upgrading 
and dismantlement during designing"; 

− for organizations (enterprises) involved into dismantlement of ships – GOST 
Р В 50811 "Dismantlement of ships and vessels of the Navy. Organizational technical 
provisions for dismantlement of ships and vessels of the Navy and ensuring safety 
requirements, including ecological safety" 

were developed and implemented in 90s. Design of the surface nuclear powered vessel 
of Admiral Ushakov Class had been developed in 70s, thus excluding modern requirements 
on design and dismantlement in the design of the vessel. 

 

1. Technical documentation required for dismantlement of a surface nuclear 
powered vessel 

The following groups of documents constitute the set of project and organizational 
documentation for dismantlement of surface vessel with nuclear power installation of Admiral 
Ushakov Class: 

1. documentation on bringing the Vessel into nuclear safe condition; 

2. documentation covering the process of the Vessel’s dismantlement on the whole; 

3. documentation on cutting the reactor compartment unit; 

4. documentation on dismantlement of the Vessel’s ends; 

5. documentation on handling with dismantlement products; 

6. documentation on ensuring safe performance of works on dismantlement. 

The final set of documents will be specified during development of feasibility study of 
options for the organizational and technological scheme of defuelling and dismantlement of 
the Vessel, taking into account experience of development of documentation and its further 
testing by the State Expertise for NPS dismantlement at the FSUE EE "Zvezdochka". 

The organizational scheme of interaction of enterprises and organizations during 
development of design documentation for the Vessel’s dismantlement is given in figure 1. 
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Figure 1 – Enterprises involved in the development of design and organizational 

documentation required for dismantlement of the surface vessel with nuclear power 
installation of Admiral Ushakov Class at the FSUE EE "Zvezdochka" 

 

The design documentation is subject to pass through 5 levels of agreement (figure 2). 
A special procedure is supposed to be implemented for each level.  

 

 
Figure 2 – Procedure of agreement of design documentation for the dismantlement of 

the surface nuclear powered vessel of Admiral Ushakov Class 
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Procedure for agreement of groups of documentation for each level is given in table 3. 

 

Table 3 – Levels of agreement and approval of documentation required for 
dismantlement of a surface vessel with nuclear power installation  

of Admiral Ushakov Class 
 

Levels of agreement 
Name 

I II III IV V 

Documentation on bringing the 
Vessel into nuclear safe condition + + + + + 

Documentation on cutting the reactor 
compartment unit + + + + + 

Documentation on dismantlement of 
the Vessel’s blocks + + + + + 

Documentation covering the process 
of the Vessel’s dismantlement on the 
whole 

+ + + + + 

Documentation on selling of 
recyclable products of dismantlement + + + + - 

Documentation on ensuring safe 
performance of works on 
dismantlement 

+ + + + + 

 

 

2. The order of interaction with supervising authorities during dismantlement of 
the Vessel and distribution of responsibility 

The Nuclear and Radiation Safety State Supervision Department of the Ministry of 
Defense of the Russian Federation is in charge of the state supervision over the nuclear and 
radiation safety during development, manufacturing, testing, operation, storage and 
dismantlement of military nuclear powered installations. It regulates all stages of performance 
of works during dismantlement of surface nuclear vessels and NPS, SNF and RW handling in 
accordance with "Provisions on management of the State Supervision Authority …" and some 
other standards and reguations. 

At present time Zvezdochka shipyard has licenses, certificates and permissions issues 
by the supervision authorities that endorse performance of all set of works on dismantlement 
of NPS and surface nuclear powered vessels (table 4). Additional licenses (certificates, 
permissions) for SNF discharge and dismantlement of surface nuclear powered vessels are not 
required. 
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Table 4 – List of licenses, certificates and permissions of the FSUE EE "Zvezdochka" 
regarding dismantlement of surface nuclear powered vessels and NPS 

Licensed activity Organization that released the 
license 

Dismantlement of weapons and military equipment: 
battle vessels, special purposed vessels, small ships 
and their components, equipment and parts with 
extraction of precious metals 

Russian Agency on Shipbuilding 

Repair of weapons and military equipment: battle 
vessels, special purposed vessels, small ships and their 
constituents, equipment and components 

Russian Agency on Shipbuilding 

Permission for emission of radioactive substances into 
atmosphere 

Natural Recourses Committee of 
Archangelsk Region 

Use of radioactive materials during performance of 
works on usage of nuclear power in defense purposes 

Ministry of Russian Federation on 
Nuclear Energy 

Performance of works on taking measures and/or 
providing services on protection of state secret 

Federal Agency of Governmental 
Communication and Information 
under the President of Russian 
Federation 

Performance of works with usage of information that 
is a state secret 

Regional Department of the 
Federal Safety Service of RF, 
Archangelsk Region 

Operation of complex containing radioactive 
substances 

Gosatomnadzor RF 

Collecting, reprocessing and selling of ferrous scrap 
Regional License Centre of 
Administration of Archangelsk 
Region 

Operation with gas equipment and facilities Gosgortechnadzor RF 
Hazardous waste treatment Natural Recourses Committee of 

Archangelsk Region 
Operation of highly explosive production facilities Federal service on Technological 

Supervision 
Activity on prevention of fires and fire fighting Head Department of the State 

Fire-fighting Service  
Certificate of the quality system correspondence of the 
shipyard GOST P ISO 9002-96 

Certification Union 

Permission for discharge of contaminating substances 
into water reservoirs 

Natural Recourses Committee of 
Archangelsk Region 

Water consumption Dvinskoye-Pechorskoye Water 
Reservoir Consumption 
Department 

Permission for discharges of contaminating substances 
into water reservoirs 

Natural Recourses Committee of 
Archangelsk Region 

Limits on disposal of production and consumption 
waste 

Natural Recourses Committee of 
Archangelsk Region 
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3. Environmental Impact Assessment  
 

Main objective of the environmental impact assessment (EIA) is preparation of 
environmentally safe technological processes for performance of the Vessel’s dismantlement. 
The following objectives to be solved during environmental impact assessment: 

− identification and analysis of possible sources of negative impact on the 
environment during technological processes of the Vessel’s dismantlement; 

− forecasting and comprehensive assessment of changes of the environment that may 
happen during the Vessel’s dismantlement; 

− forecasting and ranging according to the importance of ecological and related 
social, economic and other after-effects of the implementation of the project dismantlement of 
the Vessel. 

Main criteria of the EIA for chemical and radiation factors of influence during the 
Vessel’s dismantlement are: 

− non-exceeding of total discharges of harmful chemical substances (HCS) and 
radioactive substances (RS) in accordance with the set standards for maximum permissible 
discharges of HCS and RS; 

− non-exceeding of total discharge of HCS and RS together with sewage  waters; 

− non-exceeding of total amounts of industrial waste set by limits for waste disposal; 

− ensuring of production activity safety and prevention of possible accidents during 
NPS dismantlement by means of  organizational measures and special equipment; 

− safety of the population in residential area during the production activity of the 
shipyard  performing NPS dismantlement in normal and emergency conditions. 

Assessment of factors of the radiation impact upon personnel, public and 
environment during the normal mode of the Vessel’s dismantlement is given in figure 3. 

 
Figure 3 – Scheme of the assessment of factors of the radiation impact upon personnel, 
public and environment during the normal mode of the surface nuclear powered vessel 

dismantlement 
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NPS dismantlement that includes technological processes of SNF and RW handling is 
accompanied by the following types of radiation influence: 

− external irradiation of a human-being; 

− internal irradiation of a human-being; 

− radioactive pollution of the environment, thus becoming the additional source of 
external and internal irradiation of population. 

Main sources of radiation influence during the Vessel’s dismantlement are:  

− fission products accumulated in SNF; 

− activation products of reactor’s constructional materials; 

− radioactive fission and corrosion products located on surface of constructions that 
are in contact with the primary coolant circuit; 

− radioactive fission and corrosion products located on surface of constructions 
located in technological mediums of the reactor installation; 

− radioactive waste produced during the Vessel’s dismantlement. 

 
Radiation impact under normal working conditions 

Dismantlement of the Vessel includes technological procedures of handling SNF, RW 
and radioactive equipment of the reactor installation. Significant impact upon public and 
environment is possible only during accidents with discharge of radionuclides. 

 
Radioactive discharges. In normal conditions during the Vessel’s dismantlement the 

sources of radioactive discharges are formed of the following constituents (table 5): 

− discharge during release of high pressure gas; 

− discharges during SNF unloading from reactors; 

− discharges during cutting of the hull of the Vessel during formation of the reactor 
compartment unit. 

 

Table 5 – Sources of radioactive discharges during normal conditions of the 
dismantlement of the surface powered vessel "Admiral Ushakov" 

Stage of dismantlement Source of discharge 

1. Disassembling works and concomitant 
works prior SNF discharge 

Discharge during release of high pressure gas 

2. SNF discharge Discharges during SNF unloading from 
reactors 

3. Preparation of reactor compartment Discharges during cutting of the hull of the 
Vessel during formation of the reactor 
compartment unit 
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During operations on SNF unloading discharges are produced because of the emission 
of radioactive contaminants from remnants of drained coolant of the primary circuit into 
atmosphere. Level of contamination of atmosphere is defined by activity concentration of the 
primary circuit coolant. 

During cutting of the Vessel’s hull, radionuclides discharges are defined by location of 
the place of cutting relatively to the reactor core location (source of neutrons during activation 
of construction materials), length, width and depth of cutting. During preparation of reactor 
compartment unit cutting of the hull is performed at long distance from the reactor 
installation. Activity of the hull in this area is almost absent. 

Main principles of radiation safety are to be followed during normal regime of 
performance of works with sources of ionising radiation in order to provide radiation safety 
(principle of normalization, principle of basing, principle of optimisation). 

The law of RF "About Radiation Safety of the Public" and "Norms for Radiation 
Safety" NRB-99 set basic dose limits specifically for different categories of irradiated people 
as a criteria of the observance of the principle of normalization. 

Values of activity of the equipment and technological mediums of SSP are the basic 
data for calculation of radiation characteristics of the reactor installation. Value of this activity 
greatly depends on the operational modes of nuclear-powered unit, and first of all on existing 
energy-producing and waiting time after the operation was stopped. 

After retirement of the Vessel the main source, defining radioactive contamination of 
the equipment of the reactor, is activation products of the constructional materials. Production 
and accumulation of induced activity is connected with activation of the internal reactor 
structures, reactor hulls, as well as drums of iron-water shielding and hull constructions of the 
Vessel, that are located in immediate proximity to reactor, by neutrons during work of the 
reactor. 

When reactor is filled with water, a layer of water over the reactor core and 
surrounding constructions serves as an effective shielding that is almost fully mitigates 
penetrating radiation. 

It is required that the personnel presents in immediate proximity to the open reactor 
only for 5-10 minutes. At this stage of work the radiation safety is provided with 
organizational measures: radiation monitoring in the area of performance of work when 
reactor is opened and defuelled, exclusion of unreasonable presence of personnel in the area 
of performance of work, increase of shifting of the personnel. 

Dose burden upon personnel because of work performance at opened and defuelled 
reactor will increase at average no more then to 1 mSv and will not prevail 2-3 mSv during all 
defuelling operation, that is 10-15% of the dose limit for category-A personnel irradiation set 
by NRB-99. 

Taking into account experience of defuelling of nuclear powered ice-breakers the 
emission of radioactive aerosols into the environment is: 2% of Cesium radionuclides, an less 
than 1% of the activity contained in the primary coolant circuit – for other radionuclides. 

Assessment of permissibility of the emission is done by means of the direct calculation 
of irradiation doses. Calculation of spreading of radioactive emissions to the atmosphere and 
individual irradiation doses of population is done by means of the OKBM methodology 
procedure. Calculation of irradiation doses is done taking into account the worst (in radiation 
meaning) weather conditions: they choose such wind speed and atmospheric stability that lead 
towards maximal doses. 
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Assessment of   impact of radiation after-effects of basic design and beyond basic 
design accidents during dismantlement of the Vessel 

Possible nuclear and radiation accidents during dismantlement of the Vessel.  One of 
the most significant aspects of the dismantlement of the Vessel is ensuring of nuclear and 
radiation safety during preparatory stages for disassembling works, discharge of radioactive 
mediums, SNF unloading from the reactor compartment, removal of contaminated equipment 
from the reactor compartment. 

Due to long-term storage of reactor compartment unit at a shutdown mode, the level of 
residual power is too little. The most concern and dangers have events with unauthorized 
extraction of compensating groups (control rods), lost of coolant accidents are also possible, 
as well as discharge of radioactive gas can go out of high pressure gas tanks into atmosphere. 

During defuelling the accidents with damage of single SFA are possible due to 
breakdown of equipment and falling of the cask. 

Table 6 gives a list of accidents during dismantlement of the Vessel that are possible at 
different stages of dismantlement process and site infrastructure depending on the accepted 
defuelling technology by means of the on-shore defuelling facility (ODF) or Navy floating 
technical base "Malina" 

 

Table 6 - List of  possible radiation accidents during dismantlement of the nuclear 
powered cruiser "Admiral Ushakov" 

Stage, site Designed accident 

LRW spillage Disassembling and concomitant works prior 
SNF discharge Discharge of gases out of high pressure gas 

system 
Damage of SFA 
Sinking of surface vessel 
Fire at surface vessel 
Chain reaction SNF discharge out of reactors of the Vessel 
Falling of flying object at the Vessel during 
SNF discharge 

Falling of TK-18 cask from height 
Falling of guiding mechanism on TK-18 cask 

ODF, SNF discharge 

Falling of flying object at SNF storage pad 
Fire at the Vessel 
Falling of a flying object 

Floating technical base, SNF discharge 

Explosion at the Vessel or nearby ship 
 

It can be expected that radiation after-effects of the mentioned above accident will be 
more significant than those during NPS dismantlement due to bigger capacity of the reactor 
installation of the Vessel. 

Depending on initiating events and anti-accident measures possible accidents during 
the Vessel’s dismantlement can be divided into design basis and beyond design basis ones. 
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According to the character of development, design basis and beyond design basis accidents 
are divided into nuclear and radiation ones. 

Nuclear accidents are those that cause increase of effective ratio growth of neutrons in 
the core. Radiation accidents are those that cause the lost of control over the source of 
ionising radiation. 

Personnel errors or component failures are considered as causes of accidents during the 
Vessel’s dismantlement. The causes of accidents can be also events that happened because of 
external impacts (flood, fire, falling of a plane). The list of design basis radiation accidents is 
given in table 7. 

 

Table 7 – List of possible radiation accidents during dismantlement of Admiral Ushakov 
Class surface nuclear-powered vessel  

Initiating events Assessment of consequences 

1. Falling of the channel with spent fuel 
assembly 

Damage of spent fuel assembly with 
discharge of accumulated activity of gaseous 
fission products and iodine. 

2. Damage of spent fuel assembly during 
defuelling 

Damage of spent fuel assembly with 
discharge of accumulated activity of gaseous 
fission products and iodine. 

3. Fire in reactor compartments during SNF 
discharge 

Emission of activity during evaporation of 
remnants of water in the reactor  

4. Non-authorized discharge of part of the 
primary coolant into the water area 

Discharge of activity accumulated in the 
coolant into the water area 

 

It is assumed that in case the channel with spent fuel assembly falls down the fuel 
assembly is seriously damaged, the maximal possible accumulated activity in form of gaseous 
fission products and Iodine goes out. The assessment of radiation consequences is done taking 
into account the situation when the fuel matrix and the channels structure are damaged as a 
result of falling of the channel with spent fuel assembly, and volatile fission products are fully 
discharged into the atmosphere. It should be mentioned that the used fuel composition is 
considered to be an effective barrier holding the fission products - that is why this hypothesis 
is a conservative one. The very similar scenario is applied for the situation with damage of 
spent fuel assembly during the defuelling procedure. 

Fire in the reactor compartment as a result of inflammation of the vessel’s standard 
equipment at the decommissioned vessel is improbable because this equipment as a rule is 
properly de-energized and power sources are in non-operational condition. There is a greater 
risk of inflammation for the not on the staff equipment, such as electric heating units. But 
even in this case there is no risk for any nuclear and radiation hazardous situations because 
the fire in the compartment cannot affect the reactor core. During analysis of fire 
consequences it was assumed that release of activity would be possible as a result of water 
evaporation in the reactor, which contains long-living fission products and water left after the 
drainage operation. 

The list of beyond basis design accidents as a result of external impact is given in table 
8. 
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Table 8 – The list of beyond -designed accidents during dismantlement  
of Admiral Ushakov Class surface nuclear-powered vessel  

Accident Assessment of consequences 
Spontaneous chain reaction (SCR) 
1.Postulate non-controlled withdrawal of one 
of group of reactivity compensating rods 
when reactor is filled with water. 
Accidents during external impact. 

SCR with damage of some channels and 
release of activity. 

2. Sinking of the Vessel during SNF 
discharge 

Discharge of activity out of uptight channels, 
and as a result of the corrosion of reactor 
elements, iron-water shielding drum, pressure 
hull. 

3. Falling of a plane onto the Vessel during 
defuelling 

Fire, overheating of loaded spent fuel 
assembly in the defueling container, release 
of the accumulated activity. 

 
 

Development of measures ensuring nuclear and radiation safety 
Examples of compensatory measures ensuring nuclear and radiation safety are given in 

table 9. 

 

Table 9 – Compensatory measures on reduction of risk for nuclear and radiation 
accidents during dismantlement of the surface nuclear-powered vessel  of Admiral 

Ushakov Class 
 

Accident Measures on reduction of risk of accidents 
SCR OKBM develops the possibility of the  

storage and defuelling mode of the reactor 
without coolant (drained) 

Accidents during lifting operations during 
SNF handling 

Upgrading of technical reliability of elements 
of the lifting equipment, improvement of the 
defuelling procedure 

Accidents connected with flooding of the 
reactor compartment block during their 
transportation and storage in a temporary 
storage facility  

Observance of towing instructions, 
construction of the on-shore reactor 
compartment storage pad 

Emission of spent sorbent of activity filters  Refuse from the sorbents unloading, their 
storage as a part of reactor compartment 
block 

Fire caused accidents Removal of flammable materials, upgrading 
of fire-fighting systems, access restriction 

 

Assessment of the chemical factors of influence 
The main objective for estimation of emission of pollutants into atmosphere is:  

− assessment of influence of the sources of pollutions from the surface nuclear-
powered vessel and the whole shipyard upon the atmospheric air; 
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− definition of level of additional environmental pollution from the dismantlement 
sites during the Vessel’s dismantlement; 

− assessment of adequacy of measures on ensuring observance of the norms of 
maximum permissible emissions. 

Gas cutting, plasma cutting, arc-air gauging, and cleaning of surface from paintwork 
materials and insulation prior the thermal cutting are the sources of emission of harmful 
chemical substances into atmosphere. Preparation of surface includes mechanical cleaning 
of surface from coatings with formation of the cutting line that has the width up to 100 mm. 

So called "solid constituent" containing dry hardened paint-work materials in form of 
fine dispersed dust and metallic dust containing magnesium, copper, nickel and lead is 
produced during cleaning of the cutting line. 

So-called "solid constituent of aerosol"– metallic dust containing magnesium oxide, 
chrome oxide, nickel oxide, copper and aluminum oxides; and "gaseous constituent of 
aerosol" containing carbon oxide and nitrogen dioxide are produced during gas cutting, 
plasma cutting and arc-air gouging. 

Assessment of the dispersion of harmful substances in the atmosphere in order to 
define possible exceeding of maximum permissible concentration of harmful substances for 
inhabited area on the border with sanitary protected area during dismantlement of the Vessel, 
will be done during development of the set of documentation required for the Vessel’s 
dismantlement. 

Emissions of harmful chemical substances during cutting of the Vessel into large-size 
sections, standard scrap and preparation of the reactor compartment for long-term storage are 
taken into account. 

Main technologies for cutting of hull constructions are: 

− acetylenocxigen  cutting – main way of cutting. The heat produced during the iron 
burning melts the surface of metal and melted metal goes into scoria together with melted 
oxides; 

− plasma cutting – during gas-arc (plasma) cutting metal is melted along all its width 
and thickness of cutting and then removed by high-speed gas stream. Temperature of plasma 
stream reaches 10 000-50 000 0C, most part of chemical elements in the composition of the 
metal is evaporated. This type of cutting is used only during cutting of non-ferrous metals and 
alloys (aluminum, copper and titanium) due to great specific emission of harmful substances; 

− mechanical cutting. Attracting of guillotine has allowed to improve ecological 
situation and bring down gross emissions of harmful substances into atmosphere by 30% . 

The following operations are considered to be the most dangerous taking into account 
the amount of produced dust during dismantlement of the surface nuclear-powered vessel: 

− cleaning of surface by means of manual pneumatic device; 

− arc-air gauging  - during this the aerosol is produced which contains lead (short-
term maximal discharges up to 114 of maximum permissible concentration), magnesium 
oxide, nickel oxide (maximal discharges up to 12.3 and 9.8 of maximum permissible 
concentration correspondingly); 

− manual electric arc welding by means of austenitic type electrodes during which 
chrome oxides, magnesium and nickel oxides are discharged; 
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− gas cutting of constructions covered with red lead is accompanied with discharge of 
lead with maximal short-term concentration exceeding maximal permissible concentration up 
to 67 times.  

The following assessments will be done during EIA development: 

1. Assessment of output of pollutants’ discharge produced during thermal cutting 
and welding 

Assessment of output of pollutants’ discharge produced during gas cutting and welding 
works is done by means of calculation method taking into account specific indices of the 
pollutants’ discharge. Calculation of pollutants’ discharge stipulates simultaneous 
performance of works on gas cutting, cleaning of joints at all sites. Gas cutting and welding 
works on preparation of the reactor compartment unit are done separately, that is why 
maximal discharge outputs are taken into account. 

 

2. Assessment of output of pollutants’ discharge produced during cleaning of 
joints from old paintwork coating 

Specific indices of components discharge during cleaning of surface from old 
paintwork coating are taken into account. 

 

3. Assessment of output of volatile organic compounds discharge during paint 
works, including reactor compartment 

Assessment of output of volatile organic compounds discharge is done taking into 
account information on the total area of painted surface, norms for consumption of paintwork 
materials, volatile part share, capacity of equipment used for paintwork. 

 

4. Assessment of output of harmful substances discharge at the cable chopping 
site 

Cable processing is performed by means of cable chopping plant, which is equipped 
with exhaust ventilation system, local exhausts units, airways, dust cleaning device and 
exhaust ventilator. Organic dust in form of polyvynilchloride dust is discharged into 
atmosphere during the work of the plant. Dust cleaning device is a cloth filter, efficiency of 
cleaning is 75%. 

 

5. Assessment of dispersion of harmful (contaminated) substances into 
atmosphere  

Procedure of assessment is given in figure 4. 

It is necessary to take into account two options of assessment of dispersion of 
pollutants into atmosphere: 

− from all sources of discharge at the shipyard; 

− from all sources of discharge at the shipyard taking into account dismantling sites 
for the Vessel. 
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Assessments of dispersion are done at full load of the shipyard and simultaneous work 
of all technological equipment. Estimations must be done for all categories of pollutants 
produced during dismantlement of the Vessel. 

The assessment should assume surface background concentrations, interpolated at 
place of dislocation of the discharge sources and meteorological characteristics and 
coefficients, which determine conditions of dispersion of contaminants in atmosphere. 

On the whole, one can expect some exceed of the impact of chemical risk both for 
personnel of the FSUE "EE "Zvezdochka" and population of Severodvinsk comparing to NPS 
dismantlement due to bigger scope of gas cutting works and their activity. 

 
Figure 4 – Procedure of assessment of dispersion of harmful chemical substances in the 
atmosphere during dismantlement of surface vessels with nuclear powered installations 

 

More precise assessment of the air condition in the operating area of the shipyard and 
residential area of Severodvinsk will be done during development of the set of documentation 
required for the Vessel’s dismantlement. 

 
 
Conclusion and findings 
 
The issues regarding nuclear and radiation safety and impact upon the personnel, 

population and environment during dismantlement of surface nuclear-powered vessel are 
examined at present paper on the basis of information about surface nuclear-powered vessels 
and practical home experience on NPS dismantlement. 
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The following issues are examined and analysed in the paper: 

− main design and technological options on defuelling and dismantlement of surface 
nuclear-powered vessel; 

− amount and adequacy of Russian legislative and normative bases for surface 
nuclear-powered vessels dismantlement; 

− technologies and measures on ensuring of nuclear and radiation safety during SNF 
discharge out of surface nuclear-powered vessels reactors and during handling with casks 
loaded with spent fuel assemblies and cut block of the reactor compartment; 

− some improbable but potentially possible situations or incidents during surface 
nuclear-powered vessels dismantlement; radiation and environmental consequences 
accompanying such accidents and measures on their reduction; 

− scope and procedure for taking required readings (monitoring) at places of direct 
performance of works on surface nuclear powered vessels dismantlement and in the 
environment. 

The following main provisions and findings are given in the paper: 

1. The process of surface nuclear-powered vessels’ dismantlement contains a number 
of stages or states of surface nuclear-powered vessels, reactor compartment and reactor 
installation, when performance of certain works is potentially dangerous (from point of view 
of nuclear and radiation safety) and that is why this process along all its stages demands strict 
observance of operating technological regulations, required organizational measures and 
corresponding control. 

2. Maintenance of decommissioned surface nuclear-powered vessels and their reactor 
installations as well as many other works during their further dismantlement do not have 
principal distinctions from the same state of NPS and related works.  The FSUE 
"Zvezdochka" has a many years’ experience of NPS maintenance and dismantlement 
including SNF discharge out of very many reactor installations of the vessels. This experience 
proves a high reliability of options (including those on nuclear and radiation safety and those 
for inadmissible influence upon the environment) stipulated in home designs of nuclear 
installations of the vessels, and also acceptability of operation regulations and technologies of 
corresponding works at the FSUE "EE "Zvezdochka" including potentially dangerous 
operations and works such as SNF discharge out of reactors and SNF handling. 

3. Defueling of surface nuclear-powered vessels at the territory of the FSUE "EE 
"Zvezdochka" will not bring anything fundamentally new that can complicate works from 
point of view of nuclear and radiation safety of conducted works and radio/ecological 
influence upon the environment comparing with the procedure of NPS defuelling.  

4. According to preliminary assessment, radiation influence (doze burden) upon 
personnel, population and environment does not take place or does not exceed standard values 
stipulated by acting requirements and norms (NRB-99, sanitary rules) during all the stages of 
surface nuclear powered vessel dismantlement when all the works are conducted in 
accordance with approved and approbated projects and technologies. 


