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Abstract

The radioecological consequences of the Russian program of decommissioning of nuclear submarines
(NS) are caused by present difficult economic conditions and specific technologies applied. The
temporary scheme of the NS-utilization is accepted because of the absence of required industrial
structure. This measure does not provide for the final solution of the problem for a long-term
perspective, but it is going to be used for a period of at least 20 years.
The NS storage with unloaded nuclear fuel presents potential nuclear, radiation and radioecological
hazard. This hazard increases with time because of the long-term operation ofNS, which reaches 30
years and more, and unsatisfactory technical conditions of some NS. Under existing circumstances, it
is very difficult to predict all radioecological consequences of the NS decommissioning, though some
regularities are already being observed from the analysis of the long-term experience of the NS
operation and a decennial period of their decommissioning.

The mass removing from operation of nuclear submarines (NS) fell at the years of an
economic crisis in Russia, when the country was not capable to carry out even the minimal
financing of measures on their decommission. The dynamics of a removing of Russian NS's
from a military stock is presented in Fig. 1.
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By the present time none of NS's removed from operation is utilized completely. Because of
unavailability of the proper infrastructure of a long -term storage of a reactor block, the
decommissioning of NS's comes under the provisional plan by a carving of the module
consisting of a reactor block with two (or several) adjacent bays, that ensures an opportunity
of their storage afloat.

Considering a large total amount of NS's liable to decommissioning, their extremely
unsatisfactory technical state and high radioactive potential, and also the state of radiation-
dangerous objects of a servicing infrastructure, the decommissioning of nuclear submarines,
undoubtedly, may be considered as one of the largest modern ecological problems attracting
permanently growing attention of a number of states and of the international community.

The following data indicate the scale of the NS decommissioning problems in Russia:

• The total activity of the spent nuclear fuel (SNF) of NS's makes more than 20 EBq
(6xl08 Ci), and about half of this activity is related to the nuclear fuel left in reactors
of NS's removed from operation. For comparison we point out that activity of the
radioactive waste accumulated as a result of activity of the total nuclear industry of
USSR and Russia makes about 150 EBq (4x 109 Ci) [1]

• The total weight of radioactive structural materials of NS liable to decommissioning
exceeds 150, 000 tons.

• The total weight of metal of NS liable to cutting makes about 1.5 million tons.

The problem of the decommissioning of nuclear submarines becomes urgent and sharp from
the standpoint of their potential environmental effect because of the following circumstances:

• the prompt growth of the number of NS's removed from operation and discordance
to it of rates of discharging of the spent fuel and decommissioning of submarines in
North-West and Far- East regions of Russia;

• the inevitability of a long-term storage of NS's afloat including the spent fuel aboard
in view of their worsening technical state;

• the large amount of the liquid and solid radioactive waste as well as spent fuel due to
planned recharge of reactor core, accumulated for years. This has practically
exhausted the opportunities of buoyant and coastal bases of maintenance service of
nuclear fleet on reception of spent fuel and liquid (LRW) and solid radioactive waste
(SRW);

• a poor technical state of a number of coastal and buoyant storage of spent fuel, of
radioactive waste, and also other provisions of nuclear fleet.

Undoubtedly, the greatest potential ecological hazard is connected with NS's removed from
operation and maintained in lingering holdout. The danger is determined, first of all, by the
not unloaded fissile materials remaining aboard of NS's and also by unsatisfactory technical
state of submarines.

The especially difficult state here has formed with the multi-purpose NS's of the 1-st and 2-nd
generations. The corrosion of an light hull reached dangerous level, there are transgressions of
leak proofness of tanks of a main ballast. For the specified reasons the tow of NS's of the first
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generation from the places of holdout to a place of the decommissioning in some years can
appear impossible without usage of transport docks. In a problem of providing of a safe
storage of these NS's the critical circumstance is that more than 60% of the submarines
removed from operation have nuclear fuel not unloaded.

The basic contamination sources bounded with the decommission of NS are shown in Fig. 2.
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The subject of special concern is safety control of the long-term being afloat of NS's having
emergency nuclear steam outputting plants (NSOP). Aboard of these submarines there is a
fissile material which is impossible to discharge because of vast potential exposure of
personnel accompanying execution of appropriate operations, and by absence of effective safe
technologies of the spent fuel treatment of emergency NSOP of submarines.

Radiation-dangerous objects and potential sources of contamination of the environment are
also ships of special technological service of nuclear fleet connected with radioactive waste
and nuclear fuel management. Most of these ships has served its target life of operation.

The repair of mentioned ships of technological service is extremely impeded because of high
levels of radiation and radioactive contamination which considerably exceed the permissible
values established by the normative documents. The problem of the decommissioning of ships
of technological service of nuclear fleet is a separate peculiar problem.

The special radioecological danger is presented by a technical state of storage of the spent
fuel, solid and liquid radioactive waste located on coastal technical bases. The coastal
technical bases (CTB) in general has now buildings constructed in 1962-65 with morally
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obsolete equipment and tools for physical and radiation monitoring. The most part of them is
in an emergency condition. As a consequence of it there is a constant leakage of radionuclides
in the environment with different intensity.

The actual scale of the potential nuclear and radiation hazards is to a large extent determined
by the amount of spent fuel, in which more than 90% of total activity of all components of the
decommissioning is focused. Now on objects of the Russian Navy more than 300 cores with
more than 80 000 fuel rod assemblies are stored up [2]; at the same time in reactors of NS's
removed from operation there are more than 200 non-unloaded cores.

Under present circumstances it is extremely difficult to consider all aspects of the ecological
part of the problem and to forecast the development of events, connected with radio-
ecological consequences of the NS decommissioning. However, several regularities are
already traced according to the analysis of experience of long-term operation and ten years'
period of the NS decommissioning.

The results of examinations allow to conclude that the industrial activity associated with
repair of reactors and decommissioning of NS's results in a marine contamination with man-
made radionuclides:

• 90Sr is accumulated in bottom sediments insignificantly, however its concentration in
sea water is by a factor of 3-5 higher than the background level. In pecten and
mussels Sr-90 content is comparable to background; in seaweed it concentrates with
accumulation coefficient of l,2±0,7;

• I37Cs is well sorbed by soil and feebly contaminates sea water (by a factor of 3 above
background). In insignificant amounts 137Cs is immersed by pecten and algae
(accumulation coefficient of 0,l±0,l) and it does not contaminates mussels;

• 60Co is strongly connected with the bottom sediments, feebly transferred in sea water
(by a factor of 3,5 less than 137Cs and by a factor of 2500 less than 90Sr). It does not
contaminate pectin and mussels, but its concentration in algae is by a factor of 2
above background (accumulation coefficient of 0,4±0,2) [3].

The analysis of the radio-ecological situation appearing during the repair of non-emergency
reactors and the decommissioning of NS's indicates an opportunity of formation of local
zones, of man-made radioactive contamination which are easily detected and decontaminated
in coastal conditions, but remain for a long time in interior marine water areas. The holdout of
removed and utilized NS's in the form of three-bay modules does not lead to radioactive
contamination of the environment and does not present radiological hazard.

At insignificant malfunctions in systems of nuclear installations the radioactive contamination
of air is practically absent but man-made radionuclides can enter in sea water. In one of such
cases apart 5 m from NS the specific activity of sea water has significantly increased and
made 40 kBq/m3 (permissible level is 0,37 kBq/m3 [4]) above background level caused by a
natural radionuclide K-40 of 11±1 kBq/m3 and by global fallout's of 0,2±0,l kBq/m3 .The
contamination of bottom sediments was not detected.

The results of long-term examinations allow to make the extending conclusion about
inessential influence of an accident-free operation and decommissioning of NS's on
radioecological situation in adjacent marine water areas (less than 1% from global fallout's).
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As to emergency NS's, as our examinations have shown, the consequences of nuclear and
radiation accidents are expressed as local zones of radioactive contamination of bottom
sediments adjoined to radiation sources, and these may persist for tens of years in
administrative borders of naval bases of plants where NS's are decommissioned.

Thus, it is possible to make a conclusion that NS's with emergency reactors on which there
was a radioactive contamination of solid and light hull, from the moment of collapse of a core
and until start of their decommissioning remain a permanent source of man-made radioactive
contamination of a marine environment. Such ecological consequences are classified as a
local type since the man-made radionuclides do not create outside borders of naval bases
concentrations in marine water exceeding permissible levels. The scales of such phenomena
as a rule do not exceed 100-200 m from an object intended for a decommissioning. At the
same time the bottom sediments are exposed to the greatest radioactive contamination
exceeding permissible level in tens-hundreds times. The marine water is usually contaminated
to a lesser degree and local fauna and floor is contaminated below permissible levels.

Thus, long-term accident-free storage, holdout and decommissioning of nuclear submarines
do not significantly influence on radio-ecological situation in locations of their arrangement
on adjoining territories and marine water areas. However, the scopes of ecological
consequences can appear considerably larger at potentially possible emergency situations
which within the framework of this problem should be considered separately both in
deterministic and in probabilistic aspects.
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DISCUSSION AFTER THE PRESENTATION OF V.A. DANILYAN

V. Novikov (International Institute of Applied Systems Analysis): According to the data
presented by you, the total accumulated radioactivity associated with Russia's Northern Fleet
is about a hundred times less than that associated with its Pacific Fleet although the
distribution of naval vessels is approximately 60% in Northern waters to 40% in Far Eastern
waters. How do you explain the apparent discrepancy?

V.A. Danilyan (Russian Federation): The information relating to liquid and solid waste
which I presented was obtained by me personally from the two fleets. It did not take into
account - for the Pacific Fleet - the radioactive waste at the "Zvezda" factory or - for the
Northern Fleet- the radioactive waste at the "Sevmash" and "Zvezdochka" enterprises. It
should be borne in mind that there is water with very high radioactivity at the floating repair
shop PM-32 (some 47 tons of water with a total activity of 5500 Ci). The information about
the coastal engineering bases, such as the Far East base in Sysoevo Bay, is correct; it differs
by two orders of magnitude from the data for the base located in Andreev Bay, in the North.
Of course, one cannot help having serious doubts about such a difference regarding the
presence of solid waste in the North and the Far East, especially as there are more nuclear-
powered submarines in the North. The "Zvezda" and "Sevmash" enterprises near
Severodvinsk must also be borne in mind; all damaged submarines have gone to them for
repair, and most of the waste was not reflected in the table presented by me. A further
important point is the fact that six damaged submarines were sunk off Novaya Zemlya. They
were not included in my summary.

I.I. Kryshev (Russian Federation): Could you say a few words about the radioactive
contamination of aquatic organisms?

V.A. Danilyan (Russian Federation): The concentration of "technogenic" radionuclides in
trepangs in Andreev Bay and Tavaiz Bay is about the same as the background concentration.

Cobalt is readily absorbed in the sea bed and tends not to be transferred to the sea water.
Scallops live mainly on the sea bed and accumulate radionuclides.

The concentration of "technogenic" radionuclides in the sea (in periphyton, algae, benthic
organisms) around the point where a nuclear-powered submarine has been for some time is
two orders of magnitude higher.

E.D. Stukin (Russian Federation): Are there cases where, when a nuclear-powered
submarine has been taken out of service, the reactor can be used elsewhere after being
refuelled?

V.A. Danilyan (Russian Federation): There have been cases where it was possible to make
use elsewhere of the reactors of third-generation nuclear-powered submarines taken out of
service pursuant to START-2 as the submarines have been in service for only about ten years
at the most. We have not made use elsewhere of the reactors of first-generation nuclear-
powered submarines as these have been in service for over 25 years.
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