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Abstract—Complexity of the problems related to utilization of nuclear submarines (NSM) is determined not 
only by their huge scale but also by the necessity of systemic consideration of diverse factors, including 
political, economic, ecological, social, technological, and informational. Afloat storage of reactor compartment 
units is a complex chemical, technological and ecological problem, for sea water induces their extensive 
corrosion which creates a risk of leakage of radioactive heavy metal isotopes, fission products, and 
transuranium elements to the environment. While searching for and testing of technological solutions for 
utilization of NSM, the most important problems are chemical and radiation ecological monitoring of water 
areas and its informational support. The article contains systemic analysis of problems related to long-term 
technological storage of reactor compartment units afloat, and an optimal procedure for ecological radionuclide 
monitoring is proposed. The proposed procedure requires minimal equipment and radiation control range but 
ensures a sufficient confidence level. 

IMPORTANCE OF THE PROBLEM 

Among the set of chemical engineering problems 
related to management of radioactive wastes with a 
complex chemical composition produced by nuclear 
power engineering, industry, and nuclear navy, an 
important problem is decommissioning and disposal of 
nuclear submarines, especially its radiation ecological 
aspect [1, 2]. More than 450 naval nuclear reactors 
have been built in Russia, and their total capacity is 
comparable to the capacity of Russian nuclear power 
plants (NPP). Approximately two thirds of these 
reactors are located in the North-West of Russia, which 
is about 20% of the total number of nuclear reactors in 
the world. One hundred forty nuclear submarines and 
all surface ships are usually located at the naval bases 
of the Northern Fleet and Atomflot in Murmansk 
oblast. 

The difficulty of solving nuclear submarine 
disposal problems is determined not only by their 
enormous volume but also by the need to account for 

different relevant factors, such as political, economic, 
environmental, social, and technological. 

The lack of a consistent concept for disposal of 
nuclear ships in their life cycle after large-scale 
decommissioning in accordance to both international 
agreements on the reduction of strategic offensive 
arms and their moral and physical wear and tear, has 
put forward a number of tasks that require rapid 
decisions. 

Long-term stay of decommissioned nuclear 
submarines afloat is inevitable. Therefore, real funding 
of the disposal process must be aimed primarily at 
developing security measures for long-term (15–                    
20 years) technological storage afloat of nuclear 
submarines to be decommissioned. Currently, more 
than 90 nuclear-powered submarines (NPS) in the 
Northern Fleet are out of service. These submarines 
are disposed afloat at continuous deployment and 
temporary storage points, as well as in industrial and 
Russian Navy water areas. 
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It is important to emphasize that afloat storage of 
reactor compartment units (Fig. 1) is a complex 
chemical, engineering, and ecological problem, taking 
into account that sea water induces extensive corrosion 
of body compartments which may lead to discharge of 
radioactive isotopes of heavy metals, fission products, 
and transuranium elements to the environment [3, 4, 8, 9].  

While developing and testing technological 
solutions on NPS disposal, the most challenging issue 
is chemical and radiological environmental monitoring 
of water areas for reactor compartment storage in view 
of strict environmental safety requirements and uneasy 
neighborhood to Norway [5]. 

KNOWN SOLUTIONS 

Examinations of decommissioned NPS showed 
that, after unloading of spent nuclear fuel (SNF) from 
the reactor and removal of all radioactive materials, the 
radioactivity distributed over reactor compartment 
systems of NPS of 1st and 2nd generations may exceed 
10 000 Ci or 3.7 × 1014 Bq. About 98% of radioactivity 
originating from long-lived radionuclides is localized 
in the first loop. The overall radionuclide discharge to 
water is different for submarines with large and small 
displacements (Table 1). The yield of radionuclides 
from low-displacement submarines can be calculated 
by multiplying the corresponding values for high-
displacement submarines by a factor of 0.58. 

The time constant of water treatment in the bay was 
determined with account taken of the regular 
semidiurnal pattern of the tides in the bays of the Kola 
Peninsula with a frequency of 705 per year. The 
average amplitude of the tide is about 250 cm, and it 
changes only slightly throughout a year. The total 
volume of water in the bay is assumed to be 

approximately 108 m3. Under these conditions, the 
time constant is about 10–2 h–1. Leakage of the pressure 
hull and the reactor may cause water to get inside and 
induce rapid leaching of fission products and 
transuranium elements from spent fuel (Table 2). The 
content of fission products and transuranium elements 
was calculated for normal operation mode of 
submarines of the second generation after fuel 
exhaustion. 

 A block diagram of a systemic analysis of the 
problem under study (Fig. 2) shows that a large set 
environmental issues exists in addition to 
technological, political, and legal issues [6, 7]. Among 
these, the most difficult is development of an optimal 
general procedure for chemical and radiological 
environmental monitoring. 

The developed procedure is based on systemic 
analysis of methods and techniques for radiochemical 
treatment of environmental samples (water, soil, 
sludge), as well as of techniques for measuring alpha-, 
gamma-, beta-active nuclides. Figure 3 shows the 

Fig. 1. Reactor compartment of a cruiser submarine. 

Table 1. Yields of particular radionuclides from the pressure hull of a large submarine, Bq/l 

Storage duration 
after disposal 

(years) 

Stay duration before disposal 
2 years 5 years 10 years 

55Fe 60Co 63Ni 55Fe 60Co 63Ni 55Fe 60Co 63Ni 

0 8.4×105 9.6×104 2.4×104 3.2×105 6.7×104 2.4×104 1.0×105 3.4×104 2.4×104 

2 5.0×105 7.4×104 2.4×104 2.3×105 5.1×104 2.4×104 6.2×104 2.7×104 2.4×104 

5 2.4×105 5.0×104 2.3×104 1.1×105 3.4×104 2.3×104 2.9×104 1.8×104 2.3×104 

10 6.4×104 2.6×104 2.2×104 3.0×104 1.8×10 2.2×104 7.9×103 9.4×103 2.2×104 

20 4.8×103 6.8×103 2.1×104 2.3×103 4.8×103 2.1×104 6.1×102 2.5×102 2.1×104 
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Table 2. Yields of fission products (90Sr, 137Cs) and transuranium elements (239Pu, 241Am) from leakage of the pressure hull 
and reactor plant, Bq/l 

Storage duration 
after disposal 

(years) 

Stay duration before disposal 

5 years 10 years 15 years 
90Sr, 137Cs 239Pu, 241Am 90Sr, 137Cs 239Pu, 241Am 90Sr, 137Cs 239Pu, 241Am 

0 8.8×109 7.5×108 6.4×109 6.0×108 5.6×109 4.9×108 

5 6.4×109 6.0×108 5.6×109 4.9×108 4.9×109 4.0×108 

10 5.6×109 4.9×108 4.9×109 4.0×108 4.3×109 3.2×108 

15 4.9×109 4.0×108 4.3×109 3.2×108 3.9×109 2.7×108 

Problem of afloat storage of reactor compartment units of decommissioned nuclear submarines 
(RCU DNS) 

Systemic analysis of the storage of RCU 
DNS  

Correction of schedules for 
technologies of RCU DNS 

management 

Support service for long-term 
technological storage of RCU 

DNS 

Development of managing 
decisions 

Development and 
implementation of 

geoinformation system of 
radiation and chemical 

monitoring of water areas for 
the storage of RCU DNS 

Ecological problems 

Environmental monitoring 
Legal, technological, and 
economic problems 

Enhancement of the efficiency of environmental monitoring 
of the storage areas 

Development of an optimal 
general procedure for 

determination of 
radionuclides in the storage 

areas 
Development of a control 
procedure and estimation 
of the optimal number of 

control points 
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algorithm for the 
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Fig. 2. Block diagram of systemic analysis of ecological problems related to storage of reactor compartment units of 
decommissioned nuclear submarines (RCU DNS). 
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Solid samples Liquid samples 

  Control sample Initial sample, 1–2 kg 

Sample 
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Radiochemical 
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Water, 5 l Control sample. 1 l 
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Fig. 3. Optimal general procedure for determination of radionuclides. 
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scheme of a comprehensive methodology for the 
isolation, concentration, and determination of 
radionuclides. The proposed procedure is 
advantageous due to minimal number of required 
equipment units and the amount of work on radiation 
monitoring. 

Nitric acid was used for leaching, VP1-P ion 
exchanger was used for sorption, and diethyl ether was 
used for extraction. 
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