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Radioactive sources
in the Kola-Barents region

The precarious condition of several radioactive
sources, and the aggravating situation with regard to
how waste is accumulating without adequate storage
and maintenance capacity on and along the Kola
peninsula have lately become recognised world-wide.
Several major problems are related to the military
sources, albeit those of a civil origin definitely also
need consideration.

ARE THERE REASONS TO BE CONCERNED ?

This is a theme in focus of a recent study, in which the authors to
this book participated at the International Institute for Applied
Systems Analysis (IIASA), Laxenburg, Austria.

The present overview, supported by the Swedish Council for
Planning and Coordination of Research (FRN) and the Defence
Research Establishment (FOA), highlights and illustrates the
main findings from the extensive information in this IIASA
study, and surveys radioactive sources on the Kola Peninsula,
along with adjacent parts of the Arctic Seas. It also examines
what is known about associated environmental contamination or
human exposure - actual as well as potential — and expound on
issues such as:

What do we know about these sources?

Which appear to be the most dangerous ones now or in the future?

What issues need further elucidation to be confidently assessed?

Does the present knowledge allow for action priorities?

The report may be obtained from:
FOA, S-90182 Umea, Sweden, Fax+46 90 10 68 00, E-mail:granstrom@ume.foa.se
FRN, BOX7101, S-10386 STOCKHOL, SWEDEN, FAX. +46 8-4544144, E-mail: frn@frn.se



Foreword
The precarious condition of several radioactive sources, and the aggravating situation with regard to how
waste is accumulating without adequate storage and maintenance capacity on and along the Kola
Peninsula have lately become recognised world-wide. Several major problems are related to the military
sources, albeit those of a civil origin definitely also need consideration.

Nuclear weapons testing has been performed on and close to the Novaya Zemlya Island. A large part of
the present world-wide radioactive contamination is due to transfer from atmospheric nuclear explosions
occurring prior to the test ban in 1963. The event in 1989 of a sunken nuclear powered submarine close to
the Bear Island is concomitant to the beginning of a closer study of the situation in the Arctic waters. At
about the same time the sea dumping in practice in Russia since the middle of the '50s became better
known. Furthermore, the revelation of substantial release of radioactivity from nuclear facilities along the
Siberian river Ob augmented the concern for environmental pollution, particularly in the Kara and
Barents Seas.

Other causes of concern stem from the use of nuclear reactors, primarily on submarines - in operation as
well as on those awaiting decommissioning - and on icebreakers. The big amounts of spent nuclear fuel
accumulated from this use, in addition to liquid and solid radioactive waste, are presently in storage on
and along the coast of Kola. On the peninsula there is, furthermore, a nuclear power plant with four
reactors. A common observation is that poor maintenance practices, as well as technical weaknesses due
to reactor design, contribute to the safety hazards at this power plant. In particular, this concerns its two
oldest reactors.

Some initiatives — primarily involving Russia in bi- or trilateral co-operations with Norway, USA or
EU— have already been taken to institute some urgent actions focused on improvement of the
management of waste and spent nuclear fuel on Kola - i.e. those factors that presently constitute a critical
"bottleneck" also for the submarine decommissioning issue.

Our recent study (IIASA 1996b), supported by the International Institute for Applied Systems Analysis
(IIASA), and the Swedish Council for Planning and Coordination of Research (FRN), deals with this
extensive information, and surveys radioactive sources on the Kola Peninsula, along with adjacent parts of
the Arctic Seas. It also examines what is known about associated environmental contamination or human
exposure - actual as well as potential — and expound on issues such as:

What do we know about these sources? Which of them appear to be the most dangerous ones now or
in the future? What issues need further elucidation to be confidently assessed? Does the present
knowledge allow for action priorities?

The primary purpose of this overview is to summarise the main findings from this IIASA study.
Incessantly there appears new material of relevance for our analysis. We have therefore also incorporated
some new information of particular relevance for the more recent development of these safety issues.

Ronny Bergman, FOA
Leader of the Kola Assessment Study, IIASA
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Summary
The presentation in this overview focuses on some major issues for risk analysis appearing in our r ecent
study surveying radioactive sources on the Kola Peninsula, along with adjacent parts of the Arctic seas.
The main issues of the parts are as follows:

Chapter 1. An introduction to the presence of radioactive sources and environmental contamination in
the Barents Euro-Arctic Region and the current status as regards various significant studies
dealing with pertinent problems.

Chapter 2. Radioactive contamination (primarily levels of ^ ' C s and "^Sr) in man and the environment
on the Kola Peninsula, as well as radioactive transfer during approximately the last three decades
from external sources to the Kola-Barents region.

The main conclusion from the findings presented in this chapter is that the contamination is
generally relatively low and that neither the activity levels in samples of soil, vegetation, and the
important food-chains, nor the content in man indicate any changes since 1986 that could not be
explained by the combined effect of the cumulative deposition from the nuclear weapons testing
and the accident in Chernobyl.

Radioactive matter enters the seas around the Kola Peninsula along various routes, as a
consequence of releases into the atmosphere or the aquatic system outside - and possibly rather far
from - this arctic area. These seas have also been affected by direct dumping of liquid radioactive
waste. Furthermore, solid radioactive objects, dumped to the Barents, Kara and White seas, e.g. the
sunken submarine Komsomolets, constitute sources to potential or confirmed releases within these
seas.

Transfer of radioactive fallout from weapons testing - generally in the form of global fallout- and
releases from the Chernobyl accident are the main causes for the deposition and contamination
observed on land.

Chapter 3. Source related data for radioactive objects or releases on land and in sea in the Kola-Barents
region.

The radioactive sources of main concern in the region belong to the following categories:

• nuclear power submarine and cruiser naval bases;
• civil nuclear power ice-breaker fleet;
• building and repairing shipyards;
• nuclear power plants;
• radioactive waste (RW) and spent nuclear fuel (SNF) storage facilities;
• sunken reactors/ships;
• liquid radioactive waste (LW)- dumping;
• solid radioactive waste (SW)- dumping;
• nuclear weapon bases;
• nuclear weapon tests;
• civil nuclear explosions;
• nuclear accidents;
• mining radioactive ore deposits and plants;
• new projects and others.

Chapter 4. A risk-assessment strategy for analyses of source-effect relationships, and results from its
application in our IIASA (1996) study to examine the sensitivity to a radioactive release - in the
sense of the spread from the source, resulting concentrations and persistence in the ecosystems,
and closeness to potentially exposed populated areas.

Of primary importance for the sensitivity of the Kola-Barents region - in terms of transport of
radionuclides in the environment and their ecological behaviour - is its close contact with the



Atlantic and Arctic Seas, as well as the climatic characteristics and circulation patterns, due to its
arctic position.

The strategic environmental position for the Kola-Barents region means thus that it may effectively
constitute both a source to contamination far away by releases to air or water, and be itself exposed
to distant releases.

The assessments are based on a) INFERENCE FROM ACTUAL EVENTS i.e. accidents-releases-
consequences, b) PHYSICAL MODEL based on known input and prevalent environmental levels, and
c) THEORETICAL MODEL: i.e. simulated response to assumed release scenarios.

Chapter 5. Several case studies concerning releases in the Kola-Barents region are reviewed, and
followed by consequence analyses for the categories of primary interest covering: a) airborne
releases from the Kola NPP, and from submarines or spent nuclear fuel; b) releases from objects in
the marine environment - including submarines, dumped reactors, and various other radioactive
objects and waste; c) releases from liquid and solid wastes stored on land or during transport.

The danger of uncontrolled chain reactions constitutes a potentially severe risk associated with
both nuclear submarines and spent nuclear fuel. Such accidental cases would be likely to give rise
to considerable contamination over large areas - in range (although possibly not in intensity)
similar to the deposition pattern known from the impact on Fenno-Scandia from the Chernobyl
event or in case studies of other accidental releases from nuclear power plants. This risk is thus
relevant for operational and decommissioned submarines with unloaded fuel, and furthermore to
storage facilities, ships and railway containers harbouring spent fuel. For some of these cases it
still remains to be established if- or under what circumstances- the necessary physical conditions
would be achieved for each of the links in the event-chain leading to criticality. For some,
however, real events give evidence of the prevalent risk.

The problems involved in maintaining adequate and sufficient storage capacity have escalated
recently. At present most storage facilities are filled to the limit, and plans to increase the storage
capacity have been delayed - primarily for economical reasons. This fast development of the
storage dilemma must urgently be dealt with to avoid resumed dumping or relenting control. Some
bi- and trilateral co-operative programs with Russia in co-operations primarily with Norway, USA,
or EU focus on this issue.

Chapter 6. Issues recognised to be of primary interest for future research are identified and elucidated
based on a ranking of the radiological consequences. The principal research needs have been
identified and classified in two groups. The first concerns objects or situations of known or
probable risk, for which the radiological consequences may be relatively high (eg. severe accidents
in the nuclear power plant, and in submarines during refuelling). Thus, priority for research may
in such cases be largely based on the demand for better precision or accuracy. Cases in the second
group might potentially constitute a high risk provided closer examinations would indicate that the
necessary physical conditions may be attained for the accident to occur at all, or to become
sufficiently severe (eg. storage of spent nuclear fuel on land or on vessels, and submarines to be
decommissioned or under scrapping). These two risk categories establish the basic framework for
the subsequent discussion in chapter 6, which ends in projecting the conclusions against what is
covered of high priority issues by other current or planned projects, in order to identify topics of
main interest for continued analysis in our study.

Among the different objects and situations considered in the category Known or probable risk in
the IIASA (1995b) report, the nuclear power plant and submarines at refuelling are classified as
high risk factors. The sunken submarine Komsomolets, as well as the radioactive matter dumped
in the Barents and Kara Seas in liquid and solid form, on the other hand, appear to be associated
with relatively low radiological consequences, even if release of all the presently remaining
radioactivity should occur during a very short time. Despite the considerable uncertainties still
prevalent in predictions of probable radiological effects for these cases, the contention is that -
with respect to the large areas that might suffer from relatively high deposition of radioactive



matter in case of a severe accident, and the likelihood for such an event - the Kola NPP at
Polyarny Zori constitutes the major risk object in this category.

The specific case of the sunken submarine Komsomolets is not considered to involve relatively
high risk of environmental contamination now or in the future. Nevertheless, the known and
frequent incidence of other accidents leading to criticality in reactors on submarines in operation,
as well as during refuelling, (according to IIASA, 1996b) give evidence of the prevalent risk for
future scenarios, possibly in a more serious context with high risk of exposure of nearby
populations, particularly to airborne releases. This accentuates a general concern for the high
number of submarines present along the coast of Kola.

Consequently, the stages SUBMARINES TO BE DECOMMISSIONED and SCRAPPING OF NUCLEAR

SUBMARINES are identified as two of the most important cases in the risk category Potential risk.
Furthermore, the subsequent steps dealing with the acute storage problems for nuclear fuel, as well
as radioactive waste in general - i.e. STORAGE OF SPENT NUCLEAR FUEL, and STORAGE OF

RADIOACTIVE WASTE- also imply cases of main concern.

The need of research given high priority reflects the known or potential importance of certain
chains of events for radioactive releases and associated radiological consequences. The primary
objectives of highlighting these issues are to provide for an improved basis by research for risk
ranking and decisions about what is the most necessary and urgent actions. The assessments and
ranking of priority summarised in chapter 6 thus often focus directly on radiological consequences.
However, severe accidents leading to radioactive release are likely to influence social and economic
conditions in areas subjected to substantial radioactive contamination. Such associated socio-
economic effects have not been touched upon - at least not explicitly. Yet, these issues are
undoubtedly highly relevant, and constitute elements that -besides the radiological issues proper —
would be particularly suited for further analyses. Some facets of this complex interactions are also
discussed.



1. Introduction

1.1. T H E BARENTS EURO-ARCTIC REGION

The Kola Peninsula (the Murmansk oblast/county of Russia) constitutes the north-west extremity of
Russia. It adjoins to the Arkhangelsk county and the Republic of Karelia in the Russian Federation, the
counties of Lapland in Finland and Finnmark in Norway. Other areas belonging to northern Scandinavia,
although not directly bordering to the Russian Kola, are the counties of Troms and Nordland in Norway,
Norrbotten and since 1998 Vasterbotten in Sweden and Oulu in Finland. These regions together are
generally referred to as the Euro-Arctic Barents region (Figure 1). On the marine side the Kola Peninsula
borders to the Barents Sea in the north and to the White Sea in the south and east.
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Figure 1. Map of the Barents Euro-Arctic region (updated after NORUT, 1994).

The Murmansk county is one of the most industrially developed regions of the Russian Arctic. Although
the area of the region occupied by cities, settlements and industrial enterprises covers only 0.5% of the
whole peninsula, its environmental influence is known to be very high, particularly with regard to
airborne chemical pollution from mining and metallurgical industry, and remains to be a concern also for
the neighbouring Fenno-Scandinavian countries.

In this overview however, we summarise the principal and more prominent findings from our recent study
(IIASA, 1996b) on another factor of environmental and health concern: the presence of radioactivity in
this northern environment and its actual or potential radiological consequences in case of accidents or
future releases. The main focus is on the Kola Peninsula concerning the terrestrial environment. The
Novaya Zemlya has also been considered, but with less emphasis. Data pertinent to the Finnish and
Norwegian territories on the northern boreal zone of Fenno-Scandia are taken into account, particularly
where there is a paucity in specific data for Kola. The adjacent marine environment concerns primarily



the Barents, White and Kara Seas. This whole land and sea area is in the text often referred to as the
Kola-Barents region. Sources outside that area are considered in case there is a significant or potential
input from them to the Kola region. This applies especially to release from the rivers of radioactive
nuclides with origin in global fallout over the Siberian catchments, or contamination caused by the
nuclear facilities situated close to Ob and Yenisey, to radioactive discharge from Sellafield into the Irish
Sea, and to radioactive contamination in the Baltic - caused by the accident in Chernobyl - subsequently
released into the Atlantic, as well as the global fallout in water carried by the Atlantic currents towards
the Arctic Seas.

1.2. HISTORICAL RETROSPECTIVE

At the start of nuclear weapons testing on the Novaya Zemlya in September 1955 there was already an
growing awareness among scientists and authorities dealing with radiation protection issues about
radioactive contamination of the environment - mainly as a consequence of the atmospheric testing in the
South Pacific and at Semipalatinsk in Kazakhstan. The public reaction, however, never became
particularly strong, and worries about possible contamination of the food products or health effects
seemingly never progressed to a widespread public concern. Later, during the period of sharp increase in
the use of civil nuclear power for energy production, radiation became a more familiar concept associated
with risk of accidental release from nuclear power plants. However, radioactive releases to the seas from
other links in the nuclear industry seems to have escaped the public attention, although followed with
awareness from nations causing substantial releases, or those expecting to suffer from it - particularly
with regard to possible negative effects for commercial products suspected to become significantly
contaminated. The radioactive discharge to the sea from the Sellafield - situated on the English shore of
the Irish Sea - increased considerably in the middle of the '70s. The transfer, particularly northward by
the North Atlantic currents increased the concentration of 137Cs in water and fish. Commercial interest
may thus has been especially accentuated for Norway. Several international studies were initiated to learn
about the radiological situation. It was evident that the releases caused significant contributions as far as
in the Arctic Ocean. The fisheries appear, however, not to have been considerably affected by any public
fear for use of products from the Atlantic Ocean and Barents Sea.

The event in 1989 with a sunken nuclear powered submarine close to the Bear Island is concomitant to
the beginning of a closer study of the situation in the Arctic waters. At about the same time the sea
dumping practice by Russia since the middle of the '50s became better known. Furthermore, the
revelation of substantial release of radioactivity from nuclear facilities along the Siberian river of Ob
augmented the concern for environmental pollution, particularly in the Kara and Barents Seas. On
Gorbachev's initiative in 1989 a closer general attention was directed to environmental problems in the
north-western parts of the Soviet Union. After its demise, the president of Russia, Boris Yeltsin, ordered
late in 1992 an investigation of the cases of radioactive dumping of the FSU in the Arctic Seas. The report
"The White Book" from this investigation lead by Yablokov became available in 1993, almost
coincidental with the start of several bilateral or international studies and field investigations about the
situation in the Barents and Kara seas as well as in the adjacent land areas. Plenty of results from these
studies have recently appeared, dealing broadly with the radiation legacy, radioactive contamination in
the Kola-Barents region and potential consequences from further releases.

Several civil and military undertakings are of interest in this context, mainly reflecting the past and
present importance for respectively the FSU and Russia of this north-western area with access to the
generally ice-free coastal waters of the Barents Sea along western Kola. This implies harbouring of
nuclear weapons, nuclear powered ice-breakers and submarines, storages of spent nuclear fuel and
radioactive waste on land and in the sea. In addition, there is a nuclear power plant on the peninsula, and
a test range for nuclear weapons on and close to the Novaya Zemlya.

1.3. RADIOACTIVE SOURCES OF MAIN CONCERN

The large number of nuclear reactors present on and along the Kola Peninsula (Figure 2) exceeds by far
their concentration in any other region of the world. There are 178 nuclear reactors in operation, and



about 140 reactors waiting to be decommissioned. Furthermore, there are more than 10 storage sites for
radioactive waste (RW), some of which contain large amounts of spent nuclear fuel (SNF). Nuclear waste
has been dumped into the Barents and Kara Seas during the last three decades by the Northern Navy and
the Murmansk Shipping Company, which are based on the Kola Peninsula.

Arkhangelsk

Figure 2. Overview of the nuclear objects in the Barents Euro-Arctic region:

-ji- nuclear power submarine and cruiser naval bases; ^» civil nuclear power ice-breaker fleet;
• building and repairing shipyards; * nuclear power plants; A radioactive waste (RW) and spent
nuclear fuel (SNF) storage facilities; |f sunken reactors/ ships; [jj liquid radioactive waste (LW>
dumping; § solid radioactive waste (SW)- dumping; nuclear weapon bases; ft nuclear weapon
tests; ft civil nuclear explosions; + nuclear accidents; M mining radioactive ore deposits and plants;
* new projects and others.

However, the list of relevant radioactive sources in the present risk context covers more than those
indicated above, and comprises a multitude of different entities, of which the following are known or
expected to be of a major concern:

the Northern Navy with 154 nuclear-powered submarines (in and out of operation) and 2 battle
cruisers (about 296 nuclear reactors in all) as well as nuclear weapons they carry;
the Kola Nuclear Power Plant (Kola NPP), having 2 old reactors of VVER-440/230 type and 2
reactors of VVER-440/213 type;



• the enterprise 'Atomflot', which has 8 nuclear-powered ice-breakers and 5 ships with RW;
• nuclear weapons storage sites and bases for nuclear war-heads;
• radioactive waste depositories and spent nuclear fuel storage (SRW) facilities;
• dumped radioactive waste, sunken nuclear reactors, submarines and ships;
• building and repairing shipyards;
• the nuclear weapons test range on the Novaya Zemlya;
• underground nuclear explosions for civil purposes;
• transport of radioactive fuel, materials and waste;
• companies specialising on mining or utilisation of radioactive raw materials.

The actual and potential risks, associated with these sources for radioactive contamination and significant
radiological consequences, in some cases mainly affect the conditions on local and regional levels, yet in
other appear to be far reaching, and of considerable concern for the whole Arctic region, or large parts of
Europe.

Nevertheless, beside the contributions due to the nuclear weapons testing (primarily the atmospheric
explosions at the Novaya Zemlya), the present environmental contamination in the Kola-Barents region
mainly reflects the transfer from sources outside this region, namely:
- discharges from the reprocessing plants at Sellafield (UK) and La Hague (France) carried northwards

by the Atlantic currents;
- discharges from Russian nuclear installations in Siberia (at Chelyabinsk, Tomsk, Krasnoyarsk) into the

Siberian rivers;
- radioactive deposition after the Chernobyl accident (to a large extent reflecting a transfer of

contaminated water from the Baltic to the Atlantic Sea.);
- atmospheric nuclear explosions in other regions contributing to the global component of the radioactive

fallout.
It is notable that the present levels of radioactivity, as well as the corresponding external radiation on the
Kola Peninsula, do not exceed those expected to result from the general background in the environment at
these latitudes. Similarly, the Barents and Kara Seas largely exhibit very low concentrations of radioactive
contamination. At certain sites on land and in the sea, however, significant contamination has been
recognised - but mostly confined to local environments - as a result of explosions, accidental emission or
problems at radioactive waste depositories.

The main areas of Kola and the adjacent seas are thus at present very clean in comparison to other parts
of Europe. The principal radiological hazard for the region, as well as for more distant areas, is
consequently the potential future risk of radioactive pollution from accidents and mismanagement.

1.4. CURRENT STATUS OF ONGOING AND COMPLETED STUDIES

Civil nuclear Nuclear
explosions weapons

Nuclear test s **
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Figure 3. Distribution
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\
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Much new information about radioactive waste, burial sites
and nuclear installations in the Kola-Barents region has
recently become attainable through research programs
focused on various radiation issues, which just have been
completed or currently are carried out by many Russian and
international organisations (White Book 1993, TemaNord
1994, Bellona 1994, NACC 1995, OTA 1995, NRPA, 1996,
Bellona 1996, ANWAP 1996, AMAP 1991, CASSIOPEE
1996, Region-2, IAEA IASAP et al.). The detailed
overview and description of current and completed projects
was done in our previous Kola Assessment Study report
(NASA, 1996b).

The attention in published reports and ongoing studies is
rather variable to the diverse issues of relevance for our
Kola Assessment Study. An indication of the main focus of
interest is illustrated in Figure 3. There we have estimated

10
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assessments

Case studies

Data on nuclear
units

Radioactive
contamination

mland
USea

the distribution of the available scientific publications over six categories, each separately exhibiting those
dealing with issues concerning sea or land. As is evident from Figure 3, consistently more is published
with focus on sea than on land. Although single publications may pertain to more than one of the
somewhat arbitrarily chosen categories, reports concerning Radioactive contamination, Radioecological
investigations, or Data on nuclear units obviously dominate. This accentuates mapping and quantification
of the sources and existing environmental contamination. The number of reports dealing with
consequences - particularly potential ones - such as source-related case studies of release, and health and
environmental risk assessments, is markedly less. Thus, in almost all the fields the main attention has
been paid to problems of radioactive contamination in the marine environment and radioactive waste,
dumped in the Northern Atlantic and Arctic Seas.

A similar illustration of source-related radiological consequence analyses concerning the Kola-Barents
region is presented in Figure 4. Evidently, most reports pertain to any of three types of case studies:

• sunken reactors and associated RW;
• nuclear tests on the Novaya Zemlya;
• radioactive waste and spent fuel.
In each of the other six identified categories
relatively few reports have appeared.
Accordingly, not many cases deal broadly
with actual or potential radiological
problems involving nuclear submarines and
ice-breakers, or specifically with
decommissioning of submarines, and
accidental releases at the Kola NPP. The
paucity of information on the relevant topics
concerning nuclear weapons likely relates to
the mostly classified character of these
works. The little attention paid to
radiological issues associated with civil
nuclear explosions may be due to an

anticipated relatively local impact from such radioactive sources.

1.5. OBJECTIVES OF THE PILOTKOLA ASSESSMENT STUDY AT IIASA

The abundant material now accumulated establishes an appropriate basis for - and also reveals the
necessity of - a comprehensive analysis of radioactive sources and their actual or potential radiological
consequences, preferably with observance of completeness, consistency and reliability of this extensive
information. With this in mind, the pilot Kola Assessment Study (KAS) was initiated in spring 1995 as
part of the RADIATION SAFETY OF THE BIOSPHERE project at the International Institute for Applied Systems
Analysis (IIASA), Austria with support from the Swedish Council for Research Coordin ation (FRN). The
primary objectives were thus to review and summarise the aim, scope and main findings of completed and
current studies dealing with existing or potential sources of radioactive contamination on the Kola
Peninsula and in the adjacent regions (referred to as the Kola-Barents region). Furthermore, to perform a
ranking of consequences - in terms of the radiological significance of a release based on two categories of
risks: I) those for which release is known to have occurred, or for which a significant probability for
release has been confidently estimated, and II) those expected to constitute a risk for considerable release
provided the outcome of further analysis of certain steps in the event chain.

The main results of the pilot stage of the Kola Assessment Study (1995 - 1996) were presented in detail in
the summary report (IIASA, 1996a) and in the final report (IIASA, 1996b).

1.6. SCOPE AND STRUCTURE OF THIS OVERVIEW

We describe here briefly the main results of the Kola Assessment Study, some additional analysis of new
information available during the last year, and also include a brief presentation of the current
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Figure 4. Characteristics and relative number of reports
and publications in fields of main interest for the present
study, with focus on respectively land and sea.
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development of a research co-operation logically linking to our previous study - the Research Programme:
'RISKS AND NUCLEAR WAS TE: Nuclear problems, risk perceptions of, and societal responses to,
nuclear waste in the Barents Region. A Multi-Disciplinary Nuclear Waste Risk Study'.

This overview focuses primarily on some major issues of risk analysis appearing in our r ecent IIASA
study surveying radioactive sources on the Kola Peninsula, along with adjacent parts of the Arctic Seas.
Available data has been presented and examined with a critical view on consistency and reliability. It also
deals with implications of the present state of knowledge of risk analysis. Mainly this is related to
questions such as: Which sources appear to be the most dangerous ones now or in the future? What issues
need further elucidation to be confidently assessed? Does the present knowledge allow for action
priorities?

The presentation in this overview starts (chapter 1) with an introduction to the problem and current
status of studies. Chapter 2 deals with the radioactive contamination in the environment and man and
with the changes - during the about last three decades - of radioactive transfer from external sources to
the Kola-Barents region. The following chapter 3 presents source related data for radioactive risk objects
or releases on land and in seas in the Kola-Barents region. Chapter 4 discusses the risk assessment
strategy for analyses of source-effect relationships, used in our study, and examines the sensitivity to a
radioactive release - in the sense of the spread from the source and resulting concentrations and
persistence in the ecosystems, as well as closeness to potentially exposed populated areas. Several case
studies concerning releases in the Kola-Barents region are reviewed in chapter 5 and followed by
consequence analyses for the categories of primary interest covering: a) airborne releases from the Kola
NPP, and from submarines or spent nuclear fuel; b) releases from objects in the marine environment -
including submarines, dumped reactors, and various other radioactive objects and waste; c) releases from
liquid and solid wastes stored on land or during transport. Issues recognised to be of primary interest for
future research are identified and elucidated in chapter 6 based on a ranking of the radiological
consequences. The principal research needs have been identified and classified in two groups. The first
concerns objects or situations of known or probable risk, for which the radiological consequences may be
relatively high (f.e., severe accidents in the nuclear power plant, and in submarines during refuelling).
Thus, priority for research may in such cases be largely based on the demand for better precision or
accuracy. Cases in the second group might potentially constitute a high risk provided closer examinations
would indicate that the necessary physical conditions may be attained for the accident to occur at all, or to
become sufficiently severe (f.e, storage of spent nuclear fuel on land or on vessels, and submarines to be
decommissioned or under scrapping). These two risk categories establish the basic framework for the
subsequent discussion in chapter 6, which ends in projecting the conclusions against what is covered of
high priority issues by other current or planned projects, in order to identify topics of main interest for
continued analysis in our study.
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2. Environmental radioactive contamination and activity transfer from
external sources to the region

In comparison with the levels of radioactive contamination commonly found in the aquatic and
terrestrial ecosystems on Koia with those in most other parts of Europe, the Koia Peninsula at
present is very clean. The same conclusion is valid with regard to the concentrations of
radioactive nuclides present in the adjacent marine environment. Nevertheless, the potential for
serious local or regional contamination from various sources of the Kola-Barents area makes it
of particular interest to know the current levels, and how the contamination has responded during
the preceding decades to changing inputs, due to global fallout and mostly waterborne input
from other sources.

The main conclusion from the findings presented in this chapter, dealing primarily with the
current levels of 137Cs and 90Sr in man and the environment on the Kola Peninsula, is that the
contamination is generally relatively low and that neither the activity levels in samples of soil,
vegetation, and the important food-chains, nor the content in man indicate any changes since
1986 that could not be explained by the combined effect of the cumulative deposition from the
nuclear weapons testing and the accident in Chernobyl.

For external sources transfer is significant both over direct pathways and by more complex
routes - occasionally involving transport both in air and water. Certain important cases belong to
this category:

Radioactive discharges into the Irish Sea are to some extent transferred directly by the sea
currents to the Arctic target areas, while for 137Cs and 90Sr the dominant factor at present
appears to be resuspension from the content accumulated during long time in the sediments in
the Irish Sea. The accident in Chernobyl only slightly affected the Kola-Barents region by direct
deposition. Yet, the amount of 137Cs deposited over the Baltic, or transferred there by runoff,
now arrives in considerable amount to the Barents Sea - through the output from the Baltic to
the North Sea and transfer by the North Atlantic Current. The atmospheric nuclear testing has
contributed to the radioactive contamination by direct fallout - mainly global. However, the
Atlantic currents towards the Arctic, as well as the transfer by runoff, particularly to the Siberian
rivers, establish major feed-back routes for the global fallout.

The review of levels of radioactive contamination is focused on ™Sr, l-^Cs and 239,240pUj although other
radioactive nuclides are also considered. The high availability in important food-chains of 90Sr and 137Cs
released into a terrestrial or aquatic environment - particularly at the northern latitudes of the boreal and
arctic areas of the Kola-Barents region - the relatively high amount of these nuclides already in
circulation or present in various storages, and their radiological importance, indicate that these
radionuclides are likely to be of a primary concern. The radiotoxicity of inhaled plutonium and the
presence of plutonium isotopes (primarily " 9 ^ and 240pU) in short written 239,240pu henceforth) in
nuclear reactors, spent nuclear fuel, nuclear weapons and as a global component of the fallout from
nuclear weapons testing, also motivate particular attention.

In dealing with the levels of radioactive contamination in the environment and the concomitant external
radiation exposure, data has been included on levels and exposure associated with radioactivity prevalent
as a natural background. This is done primarily for allowing comparisons of such "natural" and
"anthropogenic" contributions to the total exposure.

2.1. THE MARINE ENVIRONMENT

Man-made radionuclides have been studied in the waters of the north-east Atlantic and Arctic for four
decades {Dahgaard 1995). Global fallout from atmospheric nuclear test explosions contaminated the
world oceans during the 1950s and 1960s, with a distinct peak in 1962-1965 and a characteristic
I37Cs/90Sr ratio of -1.5. Transfer of radionuclides with the water discharged from the Siberian rivers into
the Arctic seas have also contributed to the contamination, particularly 90Sr. Although global fallout
appears to be the main cause of this activity, the riverine releases from the Ob and Yenisey also contain
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contribution from nuclear facilities. Of particular interest in that respect is the first FSU plant Mayak
established for production of nuclear weapons material. It is situated close to a tributary to the river Ob
and operates since 1948. Considerable discharge of liquid radioactive waste to the Techa River occurred
in 1949 to 1956, which probably has lead to substantial effects on the contamination levels in the Arctic
waters- at least temporarily for 90Sr and 137Cs (Aarkrog 1993). Moreover, accidental release due the
explosion of a storage tank for radioactive waste, and wind resuspension from the surface and shores of
the Karachay Lake, which is a liquid radioactive waste recipient in the vicinity of the Mayak, have lead to
further release to the Ob river system. Later, radioactive release from European nuclear fuel reprocessing
plants - especially the Sellafield in the United Kingdom - gradually increased the 137Cs/90Sr ratio in the
North East Atlantic, including the Arctic Ocean and the East Greenland current. Finally, the Chernobyl
accident in April/May 1986 provided significant injections of 137Cs and 134Cs to the marine environment,
especially in the Baltic Sea, thereby establishing another significant pathway for radioactive
contamination affecting the Arctic waters.

The time-varying input of radioactivity to the Arctic Seas related to these events - which is discussed in
the next chapter - gives rise to a correspondingly changing contamination pattern in the water masses of
the Arctic Seas. As a consequence, there have been several transient phases during the last four decades of
increased or decreased concentration of certain radionuclides (90Sr, "Tc,134Cs, 137Cs, 129I, 239,240pu) j n

response to new sources, changed release rates, or ceasing contribution from previous sources. At present,
however, the waters are relatively free from radioactive contamination, and it is evident that the levels in
the sea-water- recognised through the field investigations in the Barents and Kara Seas performed during
the '90s- are lower or similar to those found in other seas such as the Baltic, Black and the North Seas.

We focus here on the present situation in the Barents, Kara, and White Seas, but indicate the main
features of the contamination pattern in the past and in neighbouring areas. The main trend in the activity
concentrations for 137Cs and 90Sr in the Arctic Seas is of interest, not the least as a basis for comparison of
the general concentration patterns in the open seas to that in water and sediment in the vicinity of
radioactive objects and dumped solid radioactive waste.

The main traits of radioactivity in sea-water and sediment
The main features of the radioactive contamination emerging from the recent intensive phase of sampling
in these sea areas and findings at certain specific dumping sites are illustrated in Figure 2.1 as ranges
over both bottom and near surface water.

Superimposed on the levels caused by global fallout from atmospheric nuclear test explosions during the
1950s and 1960s substantial radioactive releases from the Sellafield - mainly during the 1970s and the

first half of the 1980s - led to
increasing concentrations of 137Cs in
the Atlantic waters flowing northwards.
The current activity pattern for 137Cs in
Barents Sea and the western Kara Sea
exhibits concentrations mainly varying
between 4 - 12 Bq/m3 (Dahlgaard et
all 99 5, Josef son et al. 1995, Nikitin et
al. 1995). From the eastern Kara Sea to
about 150 °E, the activity varies
between 8-13 Bq/m3. Contributions
from fresh water discharge to the
coastal seas are obvious near the
mouths of the big rivers. The
concentration of 90Sr is less influenced
by the European discharges than 137Cs,
and the l37Cs/90Sr was low in the Arctic
seas before the Sellafield increased the
level {Livingstone, 1988), probably
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Figure 2.1. Ranges of activity concentrations (Bq/m ) of Sr,
l37Cs, and 239/240pu in sea water at specific sites and in open

sea areas
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because of excess 90Sr runoff with river water. This effect, caused by the larger mobility of 90Sr as
compared to 137Cs, is clearly visible. The 238^/239,240^ r a t j o s observed in sea-water from the Barents
and Kara Seas are presently in the range 0.014 - 0.87. In comparison, the ratio associated with fallout due
to atmospheric nuclear weapons testing is expected to be about 0.025.

Surface sediments from the Barents, Petshora, Kara and Laptev Seas generally contain between 2 and 30
Bq/kg 137Cs (Nikitin etal. 1995, Salbu et al. 1995, Rissanen etal. 1995), sometimes, however, up to about
50 Bq/kg {Nikitin et al. 1995). Higher levels of 137Cs, in the range of 30-60 Bq/kg, have been common in
the White Sea {Rissanen et al 1995). In all samples from the Petshora, Barents and Kara Seas
concentrations of 90Sr were below 1 Bq/kg d.w. in 1992-94 {Nikitin et al. 1995, Rissanen et al. 1995) -
with the exception of the levels at certain dumping sites. Concentrations of 239,240^ j n m e Uppe r \Q c m

layer of sediments in the Kara and Barents Seas frequently fell in the range 2.5 - 25 Bq/m2. At certain
sites, however, about one order of magnitude higher levels were found {Strand et al. 1994). With the
exception of the latter sites, the 238^/239,240^ r a t ; 0 r a n g e s from o.O2 to 0.06 {Strand et al. 1994,
Hamilton et al. 1994), which indicates mainly a global fallout origin.

Radioactivity in fish species
The Barents Sea is a shallow sea partly covered with ice during winter. It is also a highly productive area
with an annual fish catch of 2.0-3.5 million tons. Even during the most intensive test period with fallout
directly to the Barents Sea, the total PP-activity never exceeded 80 Bq per kg fish. In a later period - from
about the middle of the '70s - when the concentration of 137Cs in sea water attained its maximum, mainly
due to releases from the Sellafield (cf. Fig. 2.5b), 137Cs level in 1983 was 3.5 Bq/kg in cod and 5.0 Bq/kg
in herring {Matishov et al, 1995).

Concentration of 137Cs in fish in the Barents and Kara Seas is now very low, 0.3 - 2 Bq/kg, {F0yn 1995,
Nikitin etal 1995, Matishov et all995).
Thus, the observed leakages in the
Abrosimov and Stepovogo Fjords (cf.
table 4.2 in HASA, 1996) - as well as
other identified sources of potential
radioactive releases from dumped and
sunken objects in the Barents and Kara
Seas - appear to contribute
insignificantly to the present
radiological impact on man and the
arctic environment.

Oneea Bav

White Sea

Kara Sea

Barents Sea

North Atlantic

Skagerack

Baltic Sea

Irish Sea

250 5 10 15 20

Figure 2.2. Levels of 137Cs common in fish from the Irish Sea,
the Batlic Sea, the North Atlantic Sea, the Barents Sea, the
Kara Sea, the White Sea and the Onega Bay during the first
half of the '1990s {Solberg et al 1995, Matishov et al 1995,
Miretsky et al 1993, F0yn & Svceren 1995, Sickel et al 1995).

The composite effect of the salinity and
137Cs concentrations in water on levels
in fish implies that at present
concentrations in fish from the North
Atlantic, Barents and Kara Seas are
relatively low in comparison to those
found in fish from most other seas. This
is evident from the comparisons made

in Fig. 2.2 for fish from several waters in or adjacent to the Atlantic Ocean.

2.2. ATMOSPHERE, VEGETATION AND SOIL

The levels discussed concern primarily the situation on the Kola Peninsula. However, levels on the
Novaya Zemlya are also considered, and - to the extent it may be of relevance for the area of main interest
- also other adjacent sites in Northern Fenno Scandia and the Arctic parts of Russia.

The Kola Peninsula
In general, radiation from naturally occurring radionuclides is the major contributor to the external
exposure. Kola areas containing granites and pegmatite are commonly characterised by relatively high
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exposure (up to 20-30 pJR/h), whereas marshlands are associated with low exposure (down to 2.5 \xRJh).
In the measurements from air, maximum values (up to 40 u,R/h) are observed in the districts of the
Khibiny and Lovozero mountains (State..., 1995).

Although reported data on area-defined activity measurements are relatively scarce, a rather coherent
contamination pattern emerges from the various studies performed on Kola and in adjacent arctic regions
(Semenov 1993, Miertsky et al. 1993, Doudarev et al. 1995, Rissanen et al. 1995). At latitudes close to 70
°N all along the Arctic Ocean coast, the arctic soils had in 1969 - i.e. after the period of maximum
deposition due to the atmospheric nuclear weapons tests - on an average 1.5-2 times lower activity levels
than generally over the northern hemisphere (Chugunov and Ramzaev, 1995). The Chernobyl accident
did not in general give rise to substantial deposition on Kola. Based on activity measurements at different
sites over the peninsula it was estimated that the deposition of Chernobyl caesium constituted on the
average about 30 % of the present level of 137Cs (Semenov 1993). Areal topsoil samples show present
137Cs levels in range of 700 - 3200 Bq/m2 (Rissanen et al. 1995).

The level of 137Cs in lichens from areas not affected substantially by the Chernobyl accident generally
ranges from 100 to 600 Bq/kg (Semenov 1993, Miertsky et al. 1993, Doudarev et al 1995, Rissanen et al.
1995). In the Pyalitsa area, where the Chernobyl contribution was small but significant, levels in range of
600 to 900 Bq/kg were found. In the Lovozero region - where reindeer herding is predominant — the
mean concentration of 137Cs in lichen was 290 ± 60 Bq/kg d.w. and 134 Cs 8.5 ± 5.6 Bq/kg in 1994. In the
same area the 137Cs deposition was estimated to 1000 ± 360 Bq/m2 ( Doudarev et al. 1995). In the
Murmansk and Nenets regions the content of 134Cs in lichens varies from 10 to 15 Bq/kg (Miertsky et
ail993) indicating a similar range as in the findings above.

Novaya Zemlya
The contribution of close-in fallout from the atmospheric nuclear weapons tests on the Novaya Zemlya in
the '50s and the '60s seems to be low. Moreover, the average ground contamination on the Novaya
Zemlya - 3.3 kBq/m2 for 137Cs, and 2.2 kBq/m2 for 90Sr (Dumik et al. 1993) - is close to the levels found
in northern Fenno-Scandia. Nevertheless, enhanced levels are found within the areas where atmospheric
and underground tests have been performed. At the southern testing site (site A in Fig.3.7), now classified
as a sanitary protective zone, there is an area less than 10 km2, where the exposure rate (at 1 m above the
ground) is relatively high, up to 1 mR/h. At the northern field on the Novaya Zemlya (site C in Fig. 3.7),
where most of the atmospheric tests have been performed, the exposure rate in a local area of about 0.5
km2 is 50-60 u.R/h (Drickho, 1994).

2.3. FOOD-CHAINS OF MAIN INTEREST

Transfer of radioactive caesium via lichens and reindeer to man constitutes a relatively well-known and
often dominating terrestrial pathway among those food-chains that are expected to be of particular
importance - especially for certain population groups - in the boreal, sub-alpine or arctic areas of
northern Fenno-Scandia (including the Kola Peninsula).

The Kola Peninsula and northern Fenno-Scandia
Dietary surveys and measurements of foodstuffs in northern Norway (Selnaes and Strand 1995) indicate
that 91-94% of 137Cs comes from reindeer meat both for males and females, while the rest of the intake is
derived rather equally from milk and milk-products - 2%, wild berries - 2%, and all other food products -
3%. From radioecological point of view food habits differ considerably between regions at the northern
latitudes - as is indicated among other by the extensive use of forest mushrooms in the population on
Kola in contrast to the general habit for most other inhabitants of northern Fenno-Scandia. In addition,
food-chains of primary importance for certain groups in a region (for example reindeer meat in case of
reindeer herders) may otherwise lack that prominent role. This implies that - primarily for intake of
caesium - consumption of freshwater fish, mushrooms, berries, and moose meat may belong to important,
and occasionally dominating pathways, as indicated e.g. by recent radioecological findings in the Nordic
countries (Dahlgaard 1994, Bergman 1993, Rantavaara 1994, Johansson 1994). For strontium food-
chains over meat are relatively ineffective. On the other hand, milk - to the extent it is produced and

16



Whole body activity [kBq]
120

100 "

80 "

60 "

40 ;

20

n - . . . . i j lLJl

I Northern Norway

U Northern Finland

P Russian Kola

jJJJi J, illlii.nji,.,

consumed within this northern area - should be considered, particularly for critical groups. With regard
to marine food-chains, fish is expected to constitute the main pathway, both for categories with relatively
high consumption of marine products and for the population in general.

With the exception of 137Cs in reindeer meat, a sufficiently consistent pattern is lacking of the activity
concentration in the terrestrial food-chains of most interest - with regard to variations in the activity
levels between regions and with time. However, there are several results for certain years or some periods
from Kola and neighbouring areas which at least indicate the order of magnitude of the transfer
effectiveness for 137Cs over some of the important food-chains.

2.4. EXPOSURE TO MAN

The 137Cs content in the whole body has been studied since the '60s in population groups with relatively
high consumption of reindeer meat on Kola as well as in the northern regions of Norway and Finland
{Chugunov and Ramzaev 1995, Selnaes and Strand 1995, Rahola et al. 1995). These results exhibit rather

uniform time dependence where
maximum levels in the body content
in all three cases were attained during
and shortly after the years of
maximum deposition in the middle
60's - subsequent to the intense
nuclear weapons testing before the
test ban in 1963. The difference in
absolute magnitude between the
whole body content of 137Cs for
groups in Northern Norway, Northern
Finland and Russian Kola (Fig. 2.3)
is expected to primarily reflect
differences in consumption rates of
the reindeer meat as well as
differences in cumulative deposition
in the respective reindeer herding
areas. The rather low levels for the
whole body activity obtained since
1986 conform to the estimated small

contribution in all these areas of radioactive caesium released during the Chernobyl accident.

The Kola Peninsula reindeer herders live mostly in the Lovozero region. Based on measurements done in
1994 and 1995 {Rahola et al. 1995) comparisons may be made between the mean body burden of 137Cs
(Bq) among men, women and children of this group and in the reindeer-herding populations from Ivalo-
Utsjoki in northern Finland. A significantly higher whole body content in men as compared to women is
apparent in these rtesults {NASA, 1996). A higher whole body content in man is also found by other
studies in northern Scandinavia {Johansson och Agren 1994, Agren et al. 1995). The results illustrates
furthermore that the average 137Cs body burden in reindeer herders in Lovozero at present is somewhat
lower than in a corresponding group of the population in northern Finland. In turn the average whole
body content of this Finnish group is lower than for any of the Swedish reindeer herding groups studied
during the '90s , which comprises areas in the most northern parts of Sweden, where the deposition of
137Cs due to the Chernobyl was very small and contributed about 50% to the body burden {Johansson and
Agren 1994).

2.5. ACTIVITY TRANSFER TO THEBARENTS AND KARA SEAS

As illustrated in Fig. 2.4 radioactive matter enters the seas around the Kola Peninsula along various
routes, as a consequence of releases into the atmosphere or the aquatic system outside - and possibly
rather far from - this arctic area. These seas have also been affected by direct dumping of liquid

61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95

Figure 2.3. The wholebody content of 137Cs in certain groups
with relatively high consumption of reindeer meat on the Kola
Peninsula and in the northern parts of Finland and Norway in
the time period since 1961 (based on data from Chugunov and
Ramzaev 1995, Selnaes and Strand 1995, Rahola et al. 1995 ) .
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radioactive waste. Furthermore, solid radioactive objects, dumped to the Barents, Kara and White Seas,
e.g. the sunken submarine Komsomolets, constitute sources to potential or confirmed releases within these
seas.

Fraction of global
>sited
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Fran the Pechora
Dvina and
Onega rivers

Figure 2.4. The major sources of radionuclide contamination in the Barents and Kara Seas.

Global fallout from atmospheric nuclear test explosions contaminated the world oceans during the '50s
and '60s, with a distinct peak in 1962-1965 and a characteristic 137Cs/90Sr ratio of -1.5. Later, releases
from European nuclear fuel reprocessing plants, especially the Sellafield (Fig. 2.5) in the United Kingdom
gradually increased the 137Cs/90Sr ratio in the North East Atlantic, including the Arctic Ocean and the
East Greenland Current. The Chernobyl accident in April/May 1986 provided significant injections of 134

Cs and 137Cs, especially in the Baltic Sea. Furthermore, the river-estuarine systems in western Siberia -
particularly the Ob and Yenisey - which drain into the Kara Sea also constitute pathways of relevance
concerning delivery of anthropogenic radionuclides in the Arctic (Fig. 2.5).

Discharge of Sr-90

[TBq per 5 year period]
SDvina
• Pechora

MOb
E3 Yenisey

Liquid discharges from Sellafield

"Cs

[PBq/y]

61-65 66-70 71-75 76-80 81-85 86-90 "so 55 60 65 70 75 1985

Figure 2.5. Liquid discharges of 90Sr from rivers in north-western Russia and Siberia (Dvina,
Pechora, Ob' and Yenisey) by successive five year periods 1961-1990 (left ) and of 137Cs from
Sellafield 1952 - 1986 (right) (Chumichev 1995, Kershaw and Baxter 1993, Aarkrog 1993).

It may thus be concluded that the major input of both 90Sr and 137Cs is due to fallout as a consequence of
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atmospheric nuclear weapons testing and transfer by the North Atlantic current from the Sellafield. For
90Sr discharge from the Siberian rivers also constitutes a major contributor. The dominance for these
sources as to the present inventory in the Kara and Barents Sea is indicated in Figure 2.6 for 137Cs and
90Sr.

Water volumes of different origin or residence time affect the precision in estimating an average level of
137Cs and a corresponding total inventory in the different Arctic Seas. The 5 -12 Bq 137Cs per m3 generally
obtained from sampling in the Barents and Kara Seas during the '90s establish the probable interval for
that current average level. The fractions associated with individual sources of the present inventory of
137Cs (and correspondingly of 90Sr), which appear in Fig. 2.6 are based on ratios, where the average total
activity concentration is assumed to be 8.5 Bq/m3, i.e. the middle point in the above-mentioned interval.
The primary purpose of the assessment illustrated in Fig. 2.6 is therefore only to show the expected order
of importance among the more significant sources rather than precise quantitative estimations.
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Fig. 2.6. Fractions of the present inventory of ""Sr (left) and ^ ' C s (right) in the Kara Sea
contributed by the major sources (HASA 1996) (after Vakulovsky et al. 1993, Bradley and Jenquin
1995, Kershaw et al. 1995, Guegueniat 1995, Dahlgaard 1995, Cumichev 1995).

According to Strand et al. (1995), in 1993 up to about 30% of the 137Cs in the surface water in the Kara
Sea might originate from the Chernobyl accident. Based on the estimate by Dahlgaard of presently about
1 Bq/m3 of the Chernobyl 137Cs in the surface water in the Barents and Kara Seas and range of about 5-12
Bq/m3 for the total 137Cs activity concentration, the contribution from the Chernobyl might range 10-20%,
which is close to the estimate made for its fraction of the total 137Cs activity in the Norwegian Coastal
Current during 1991 (Roos and Holm, 1993).

Estimations of the releases and transfer from the reprocessing plants in Sellafield and La Hague (Baxter
et al., Guegueniat 1995) indicate a minor role for the La Hague in comparison to the Sellafield
concerning sources to the current activity concentrations in the Arctic seas.

The atmospheric nuclear weapons explosions constitute the main source of the 90Sr input to the Arctic
Seas, and provide slightly more than half of the current inventory in the Barents and Kara Seas. The
releases from the Sellafield and the Siberian rivers together contribute about an equal amount. Although
radioactive releases from nuclear installations to the Yenisey and Ob, and its tributaries have occurred
during several decades, their contribution in what is transferred to the sea appears to be relatively small -
at least since the latter half of 70's. Therefore, most of the 90Sr in the discharge from the Siberian rivers
seems to originate from fallout over the catchments drained by these rivers. Hence, this constitutes
another important pathway for the radioactive deposition caused by the nuclear weapons testing.

2.6. AIRBORNE TRANSFER TO THEKOLA PENINSULA AND NOVAYA ZEMLYA

Transfer of radioactive fallout from weapons testing - generally in the form of global fallout- and releases
from the Chernobyl accident are the main causes for the deposition and contamination observed on land.
Here a short overview of the deposition densities resulting from this transfer is given.
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Nuclear Weapons tests
Atmospheric nuclear testing, especially during 1955-1962, is one of the major sources of radionuclides in
the Arctic region, and the average integrated deposition of 90Sr due to fallout through 1980 over the
latitude band 65-75 °N is confined to the interval 0.7 - 1.7 GBq/km2 (UNSCEAR 1993). However, the
local deposition pattern is strongly dependent on the site specific precipitation (Edvarson 1960). The
activity ratio of 137Cs/90Sr in fallout from atmospheric nuclear weapons testing at many sites and over long
time has been quite constant at about 1.6 (UNSCEAR 1982). The range for the integrated deposition of
137Cs corresponding to that for 90Sr is thus about 1 - 3 GBq/km2.

Novaya Zemlva
The integrated fallout during 1964-1969 of 137Cs at the Novaya Zemlya amounts to 1.5-2.6 GBq/km2

(IAEA 1993). Estimations based also on more recent results yield average levels of 3.3 kBq/m2 of 137Cs
and 2.2 kBq/m2 of 90Sr (Dumik et al. 1993). It is likely that the tests were mostly performed at high
altitudes (cf. 3.8). However, in 1957 one atmospheric nuclear explosion occurred at a small height above
the ground surface. Radioactive fallout due to this explosion was identified as far as 1 500 km from the
hypocentre. By Ty-measurements from air and in situ it was estimated that the most active area at the
hypocentre covered about 10 km2. Local fallout outside the test sites on the Novaya Zemlya was
apparently small according to the relatively low levels obtained e.g. in lichens from adjacent islands, the
Kola Peninsula, and the Siberian arctic coastline (see 2.2).

Kola and northern Fenno-Scandia
Physical decay during approximately 30 years since the main deposition in the mid 60's should have
reduced the original deposition to about one half of its maximum. 137Cs is generally much less mobile
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2.7. Deposition of 137Cs (kBq/m2)in the Northern Europe from the accident at the
Chernobyl NPP (according to hrael et al 1993, AMAP 1997)
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than 90Sr in terrestrial ecosystems, and is expected to be retained more effectively at deposition site. In
comparison to the decrease caused by physical decay, loss of I37Cs deposited on land in the northern parts
of Fenno-Scandia seems to be one order of magnitude smaller, with the exception of the relatively high
rate of loss by runoff from peat bogs (Nylen and Grip 1995). Thus mainly physical decay is expected to
govern the decrease of the initial deposition of 137Cs on land. Recent reports based on measurements on
area defined samples of soil and vegetation {Israel et al. 1994, Rissanen private comm.) indicate on the
Kola Peninsula frequently values in accord with the range for the input estimated by UNSCEAR (1993) as
the average for the latitudes north of 70 °N, i.e. 1 - 3 GBq/km2. Integrated fallout during 1964-1969 of
137Cs was 2.2-2.6 in northern Sweden, and 2.2 GBq/km2 in Finland (IAEA 1993). The decay corrected
contribution by fallout after 1969 in northern Sweden was about 10% of the total remaining in 1986
(DeGeer 1987).

The Chernobyl accident
A part of the radioactive releases caused by the Chernobyl accident reached the Kola Peninsula on April
28 and May 11 1986 (IIASA, 1996b). However, the resulting deposition of radioactive caesium (Figure
2.7) was generally low in comparison to what remained in the environment from fallout due to the nuclear
weapons testing. Furthermore, large parts of boreal and alpine areas of Fenno-Scandia were subjected to
much higher deposition after the Chernobyl accident (Bergman 1994).

Measurements of the external y-ray exposure indicated somewhat higher deposition of 137Cs primarily in
two areas: to the west of Alakurtti (7-10 kBq/m2) and on the Tersky shore in the area of Pyalitsa (7-10
kBq/m2). The deposition density - from all contributing sources - of 137Cs on the Kola in 1990-1991
varied from 0 to 15 kBq/m2. On about 80% of the territory on the Kola Peninsula the cumulative
deposition currently does not exceed 4 kBq/m2 (Semenov 1993).

Based on the ratio of 134 Cs to 137Cs the Chernobyl accident appears to contribute about 30% in the total
cumulative deposition of 137Cs on the Kola Peninsula (Semenov, 1993). Thus the average level of 137Cs is
low on Kola in a European perspective.
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3. Radioactive sources of main concern in the region
This chapter describes source-related data of the radioactive sources and objects of main
interest with regard to releases on land and in the sea of the Barents Euro-Arctic region. These
findings indicate that actual releases into the environment mostly are locally confined, but the
high concentration of nuclear reactors in the region and their low safety imply risk for potential
nuclear accidents. One of the main problems in the region is the increasing quantity of
decommissioned reactors and the corresponding radioactive waste and spent nuclear fuel.
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Figure 3.1. An overview of the radiation risk units present in the Kola region.
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I Decommissioned vessels

I Operating vessels

The radioactive sources of main concern in the region belong to the following categories (see
Figures 2 and 3.1) - according to the Kola Assessment Study (NASA, 1996b):

• nuclear power submarine and cruiser naval bases;
• civil nuclear power ice-breaker fleet;
• building and repairing shipyards;
• nuclear power plants;
• radioactive waste (RW) and spent nuclear fuel (SNF) storage facilities;
• sunken reactors/ ships;
• liquid radioactive waste (LW)- dumping;
• solid radioactive waste (SW)- dumping;
• nuclear weapon bases;
• nuclear weapon tests;
• civil nuclear explosions;
• nuclear accidents;
• mining radioactive ore deposits and plans;
• new projects and others.

3.1. NAVAL BASES WITH NUCLEAR SUBMARINES AND VESSELS

The Northern Navy is the largest and
most important of what was previously
known as the Soviet Fleets, with an ever
increasing strategic importance for
Russia. From the 116 submarines and 68
large surface vessels of the Northern
Navy 67 submarines and 2 cruisers are
equipped with nuclear-powered
installations (119 reactors in all) (Nilsen
et al., 1996). Up to the middle of 80s the
amount of the nuclear submarines grew
quickly, but from the beginning of 90s it
started to decrease due to resource
exhaustion, reductions in the build-up
program and treaty obligations.
According to Bukharin et al. (1995) the
total number of the nuclear submarines
built in the FSU was up to 245.

Proceeding from the assumption (The agreement 'Start'), that till 2003 the number of operating nuclear
vessels in Russia will be 69, the amount of the nuclear vessels to be decommissioned is 180 (Figure 3.2).

The nuclear submarines bases.
The first base for the operation of nuclear-powered submarines was constructed on the Kola Peninsula at
Zapadnaya Litsa in the late 1950s. Since 1958 the nuclear submarines have become a part of the Northern
Navy. The Russian Northern Navy at present has approximately twenty naval bases along the northern
coast of the Kola Peninsula, and at Severodvinsk by the White Sea (Fig 3.3, 3.1 and 2).

Nuclear-powered submarines and surface vessels are stationed at nine of the main Northern Naval bases
on the Kola Peninsula. These bases are located along the shore from the Litsa Bay in the west to
Gremikha in the east. The headquarters of the Northern Navy are situated in Severomorsk at the Kola
Bay. Two smaller naval bases are located in Arkhangelsk and Severodvinsk and the third - on the Novaya
Zemlya. Two shipyards for nuclear-powered submarines situated in Severodvinsk by the White Sea. These
shipyards are a part of the Russian Military Industrial Complex, but are closely connected to the Northern
Navy.

Obsolete nuclear submarines and especially those with unloaded SNF pose a serious potential threat of

Figure 3.2. Projection of the numbers of nuclear submarines
"operating" (brown) and "decommissioned" (blue),
(Bukharin et al, 1995, OTA, 1995).
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radioactive contamination to the marine environment. According to Nilsen et al. (1996) in the beginning
of 1996, 130 nuclear submarines were taken out of operation in Russia, including 88 ones in the Northern
Navy (there is information about storing sites of 70 of them only). All of them had 2 reactors (with
exception of 4 nuclear submarines of the second generation with one reactor). Thus, the total number of
the reactors to be decommissioned in the Northern Navy at different naval bases and shipyards are 142.
SNF was removed only from 18 submarines, while 52 nuclear submarines remain unloaded. 12
submarines with unloaded SNF lie at Severodvinsk. Some nuclear submarines are stored in the berth
already 20 years. The other 43 submarines with unloaded SNF are distributed through: Gremikha - 13,
Palaya-bay - 8, Ara-bay - 6, Ura-bay - 7 Olenja-bay -3 and Saida-bay, Sevmorput and Zapadnaya Litsa - 1
(Figure 3.3). About 15 reactor compartments are stored at the Nothern Navy bases. At the Saida-bay, for
example, there are three reactor compartments afloat, while three reactor compartments are kept afloat at
the 'Zvezdochka'.

The technical con-
ditions of the
obsolete nuclear
submarines are
rather poor,
because many of
them have served
for more than 30
years. In 1994 two
submarines were
leaking. The
presence of
unloaded SNF
creates a threat of
nuclear accidents
with significant
releases. The
obsolete nuclear
submarines, kept
afloat require also
significant man-
power and
financial
expenditures.

The process of
taking nuclear
submarines out of
service is of long
duration and only

starts after the unloading of spent fuel from the reactor at special bases. Stages of this process are the
following: settling after the reactor stop (~ 10 years), detailed radiation inspection, project works on
dismantling technology, dismantling and burying radioactive fragments {Konukhin and Komlev, 1995).
The last two stages might lead to radioactive contamination of adjacent territories.
Utilisation of more than 150 nuclear submarines and vessels, planned by Russia in the nearest future, will
yield huge amount of RW, many times exceeding the present level.

Beside the problem of unloading, the most urgent items of the submarine decommissioning are storage
and transportation of SNF to the 'Mayak' near Chelyabinsk for further storage and reprocessing. On the
Kola Peninsula the facilities for SNF are overfilled and in bad technical state. Transportation to the
'Mayak' was blocked due to the absence of necessary containers, in accordance with the IAEA regulations.
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In 1992 the Gosatomnadzor prohibited the use of the obsolete containers. The new containers (TUK - 18)
for the one train were not ready to be used until 1994. In May 1994 there was the first transport of SNF
from Severodvinsk (Nilsen et al., 1994).

3.2. THE MURMANSK SHIPPING COMPANY/'ATOMFLOT' BASE

Nuclear-powered civil vessels
Russia possesses nine nuclear-powered civil vessels, stationed on the Kola Peninsula, in Murmansk, and a
new ice-breaker, will be released from the St.-Petersburg shipyard. Eight of them are nuclear-powered ice-
breakers, and one is a nuclear-powered container-ship (Table 3.1). All the vessels are operated by the
Murmansk Shipping Company (MSC). Technical service of the nuclear-powered vessels, RW storage and
processing are undertaken by the 'Atomflot' base.
The main machinery of the nuclear ice-breakers and container-ship is based on nuclear turbines. The
reactors used are Pressurised Water Reactors (PWR). These reactors (model-design of KLT-40) have been
further developed on the basis of the construction of the reactors of the first nuclear submarines.

Table 3.1. Nuclear-powered civil vessels of the Murmansk shipping company.

Name

Lenin

Arctika
Sibir'

Rossiya
Sevmorput'
Taimyr
Sovjetskij Sojuz
Vaigach
Jamal
50 let Pobedy

Since

1959
1970
1975
1977

1985
1988
1989
1990
1990
1993
1997-8

Number/typeof
reactors
3/OK-150
3/OK-900
2/KLT-40
2/KLT-40

2/KLT-40
l/KLT-40
1/KLT-40
2/KLT-40
l/KLT-40
2/KLT-40
2/KLT-40

Operational Type

Ice-breaker (out of operation since 1989)

Ice-breaker, Arctika-type
Ice-breaker, Arctika-type (out of operation since
1993)
Ice-breaker, Arctika-type
Container-ship
River Ice-breaker
Ice-breaker, Arctika-type
River Ice-breaker
Ice-breaker, Arctika-type
Ice-breaker, Arctika-type, under construction

Source: Filippov, 1997, Nilsen et al., 1994.

The reactor core in a nuclear ice-breaker has 241 - 274 fuel assemblies. The fuel consists of 30 - 40% of
enriched 235U, in contrast to a civil nuclear plant using 3 - 4 % of enriched 235U in its fuel. The first
nuclear ice-breakers 'Lenin' and 'Sibir' are now out of operation and nuclear fuel was offloaded from the
reactors. The ice-breaker 'Arctica' was also out of operation, but is in operation since July 1996 after
thorough repairs.

Service and storage vessels for NW and SNF
The Murmansk Shipping Company possesses 5 service and storage vessels for RW and SNF at the
'Atomflot' base in the Kola bay, 2 km away from the residential districts (OTA 1995, Filippov 1997):
• The special tanker 'Serebryanka' (1975, 102x12 m, 4000 t) is used for collection of LRW and their

transmission to the repairing enterprise 'Atomflot' and disposes 4000 tons RW (851 m3 of LRW).
• The former floating technological base 'Lepse' (1936, 87x17 m, 50001) is used for keeping SNF of the

'Atomflot' and now disposes 642 fuel assemblies, 36 containers with SRW and 46 m3 of LRW.
• The vessel 'Volodarsky' (1929, 96x15 m, 5500 t) is used for keeping SRW and has a storage area of

300 m3. The waste contains 11.1 TBq of activity with the dominant isotopes being 90Sr and 137Cs.
• The floating technological base 'Lotta' (1961, 122x16 m) is intended for keeping SNF (40800 fuel

assemblies). There are 16 storage compartments for SNF, each compartment has 68 containers
containing 5 fuel assemblies.

• The floating technological base Tmandra' (1980, 130x17 m, 9500 t) is intended for complex service of
nuclear vessels and for storing SNF (1530 fuel assemblies stored ). Storage capacity for SNF consists
of six steel compartments, each holding 50 containers for 250 assemblies and 545 m3 of LRW.
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• The Rosta-1 boat is used for sanitary treatment of operating personnel and radiation control.

The utmost risk of radiation contamination is posed by the vessel 'Lepse' at the Murmansk harbour, where
642 assemblies of SNF with total activity of 28 PBq (30% assemblies are damaged) are stored. The
activity was as follows by January 1995: Sr-90 - 260 kCi, Cs-137 - 270 kCi, other fission products - 210
kCi.

3.4. RADIOACTIVE WASTE DUMPING

Ever since the FSU started testing the ice-breaker 'Lenin' and the first nuclear submarine at the
Severodvinsk shipyard RW was dumped in the White Sea, 7.4 GBq in 1959, and nearby the Gogland
Island in the Finnish Bay, 74 GBq in 1960. Since 1960 the Russian Northern Navy has dumped
radioactive waste in the Barents and Kara Seas on a regular basis. This comprises SRW, LRW and
nuclear reactors with or without SNF. Furthermore, RW has been dumped in the Barents and Kara Seas
from civil nuclear ice-breakers of the Murmansk Shipping Company. Since 1960 the headquarters of the
Navy have approved 5 districts in the Barents Sea for dumping LRW and 8 districts in the Kara Sea for
sinking SRW (Figure 2). In all, the FSU has dumped into the seas more than twice as much radioactivity
as other countries.

The first assessments of units and places of dumped RW at the Barents and Kara Seas were made in 1991
by the folk deputy of the FSU A. Zolotkov (Zolotkov,1991). Official confirmation of burying of RW and a
detailed description were made by the Governmental Commission in its report ('The White Book') to the
Russian President {Yablokov et al., 1993) in February 1993. It confirmed the character of the RW
dumping as a violation of international norms, and as a violation of the internal normative documents of
the FSU as well.

Concerning total activity (Figure 3.4), as well
as possible ecological consequences, the most
dangerous objects are the sunken nuclear
reactors left at several places in the Kara Sea -
first of all those with SNF. Submarine nuclear
reactors have been sunken in the Kara Sea,
including six reactors with unloaded reactor
cores from wrecked nuclear submarines (Figure
3.5a). The reactor installations were damaged
to such an extent that it was impossible to
separate the active zones from them. Besides,
three reactors from the nuclear ice-breaker
'Lenin' were sunken. Some reactors from
submarines were filled with protective materials
like steel or concrete in order to prevent
radiation penetration into the environment.
According to Russian experts, this protective
barrier will be enough to last for 500 years

(Yablokov et al., 1993). 'The White book' (Yablokov et al., 1993) gives information about the places where
to find the sunken reactors (Figure 3.5) and rather rough estimation of the total activity. According to the
'White Book' the total activity of the reactors from nuclear submarines with unloaded active zones and
the 3 reactors from the 'Lenin' is 85 PBq.

An analysis of the nuclide content has been made in the 'White Book', but only for the 'Lenin'. However,
later calculations have given considerable divergence. According to Sivintsev (1994) the 'White Book'
gives underestimated values of the Lenin's reactor compartment activity. This is caused by taking into
account only the three longest-living radionuclides. A more accurate summary of activity in the sunken
nuclear reactor compartments from the 'Lenin' is 3.5 times higher than that cited in the 'White book',
based on data from the 1960s (Figure 3.5b). Estimation of total activity of radionuclides in the reactors of
the four submarines, sunken with spent fuel according to the 'White Book' and calculations made by the

Techeniya bay (74)

Blagopoluchiya bay (8)

'Sedovabay (126)

Tsivolki bay (19600)

' Stepovogo bay (1420)

Novaya Zemlya depression (1170)

'Abrosimova bay (14700)

Figure 3.4. The dumping sites and revised estimation
of the maximum total activity of the dumped SRW
and reactors (in TBq) (according to Yablokov et al.
1993, Sivintsev 1994, 1995, Yefimov 1994).
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a. b.

285 901 421
Submarine identification

Kurchatov
Institute

(Sivlntsev,
1994)

Figure 3.5. Estimated activity of radionuclides in:
a - the reactor compartments of four sunken submarines (No 285, 901, 421 and 601), at the time of dumping;
b - the dumped reactors of the 'Lenin' at the time of dumping (1967) according to d ifferent sources.

Russian experts from the Kurchatov institute (Sivintsev, 1994) and the Institute of physics and power
engineering (Yefimov, 1994) are cited in Figure 3.5a. The 'White Book's authors did not consider that, for
example, the most radioactive submarine NSM-285 was brought to the site where it was sunken not until
1 year after the accident. The relatively short lived radionuclides in its spent fuel thus became
overestimated. Taking into account the decay, the remaining activity in all the sunken reactors was lower
in 1981, than the estimated total cited in Figure 3.5a. Hence, data on activities of the sunken reactors
from nuclear submarines were 2,5-28 times overestimated in the 'White book' (Sivintsev et al 1995).

Twenty to thirty years have passed since the first dumping and during this period the activity has
decreased considerably. Currently it is about 4.5 PBq. About half of this activity is attributed to the fuel
and compartment from the 'Lenin'. Sivintsev and Kiknadze (1995) have noted that the total activity of all
reactors, sunken nearby the Novaya Zemlya never exceeded 26 PBq. The value of 81.4 PBq given in the
'White Book' overestimates the true level
with more than a factor tree.

Data of the Kurchatov institute differ
considerably (Figure 3.5b) from earlier
estimates, in particular, from that of the
Lawrence Livermore National Laboratory
in the USA (Mound et al., 1993). They
conclude that the amount of radioactivity
dumped in the Kara Sea may be higher
than what was stated in the Yablokov
Commission's report. The authors have
made calculations based on available
information on the reactor's power
production, assumed running time, and
assumed isotope composition of fuel used.

Figure 3.6. The time dependent total inventory of activity in
the reactors of all the sunken vessels Cafter Mound et al.
1993, Sivintsev and Kiknadze 1995).The results of the American calculations

indicate that the radioactivity of the
reactors dumped with SNF and the three reactors from the 'Lenin' might be 178 PBq at the time of
dumping. The activity of the submarine reactors without fuel is estimated to about 3,7 PBq per reactor.
Estimations of the total activity in submarine and 'Lenin' reactors according to different sources are given
in Figure 3.5b. The main reason for the divergence in the estimates by the Kurchatov institute and the
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Livermore laboratory is probably that the American researchers didn't have complete input information
for their calculations. In the most recent joint paper by experts of IAEA/IASAP {Lynn et al., 1995) mainly
data from the Kurchatov institute is used as the accurate basis. The time dependent change of the total
activity of all the sunken reactors with consideration of decay of relatively short-living radionuclides is
illustrated in Figure 3.6.

3.5. T H E KOLA NUCLEAR POWER PLANT

The Kola Nuclear Power Plant (Kola NPP) is the only nuclear power plant in the Murmansk county. The
plant is centrally situated in relation to the heavy industry on the Kola Peninsula, 21 km NE of the town
of Polyarnye Zori on the shores of the Imandra Lake (Figure 3.1). The annual production of electricity at
the Kola NPP is 12-12.5 TWh. About 8% is for one's own use. About 60% of the electrical energy is used
inside the Murmansk county and another part is exported to Karelia, the Leningrad county and Finland.

The Kola NPP has 4 blocks of VVER-440 in operation (with an electrical capacity of 440 MW each).
There are two older reactors of the VVER-440/230 type and two more recent VVER-449/213 type
reactors. The first reactor was started in June 1973, the second in December 1974, the third in March
1981 and the fourth in October 1984. The service period projected is 30 years.

The VVER-440 reactor is a pressurised water reactor (with a water pressure of 12.31 MPa) developed
from a reactor design based on the first nuclear submarine reactors in the FSU. The active zone is of 2.88
m diameter and 2.5 m height. The reactor hull is of 4.27 m in diameter and 11.8 m height. The total
weight is 200 tons. The active zone contains 312 cassettes with 126 fuel elements each. The fuel elements
of cladding-alloy of zirkonium-110 (with admixture of 1% Nb) are used. The fuel tablets consist of
uranium dioxide (3.6% enrichment). Every year 1/3 of the active zone is renewed. Thus, 4 blocks together
give in average about 170 spent fuel assemblies.

The two oldest reactors at the Kola NPP (VVER-440/230) belong to the first generation of VVER,
developed in the 1960s. The design involves the following problems (IAEA 1992, 1993): no containment;
limited emergency core cooling capability; almost no redundancy and separation of safety equipment;
deficient instrumentation and control systems; serious deficiencies in the fire protection. The other two
reactors of the VVER-440/213 type at the Kola NPP are the second generation of VVER, designed in the
1970s, and an improvment of the first generation models. The design deficiencies of the 230s were
addressed in the second generation 213s: the containment was upgraded and improved and emergency
core-cooling systems were enhanced. However, plant instrumentation and controls still do not meet
international standards.

3.6. NUCLEAR WEAPONS BASES

Nuclear weapons are also stored on the Kola Peninsula. The amount of warheads is, however, classified
information. In all the FSU has produced more than 4200 warheads, most of them are kept at
depositories. Non-official sources (Nilsen et al., 1994) estimate an approximate amount of the warheads to
3000-3500 units. At the Kola Peninsula nuclear weapons are stationed at different bases: naval, aviation,
ground (Figure 2 and 4.1).

The Northern Navy bases contain nuclear rockets and other nuclear weapon onboard submarines and
surface vessels. The submarines may be equipped with different systems of armament: strategic, cruising
as well as anti-submarine rockets, torpedoes and deep-water bombs (Cochran, 1989). The nuclear cruisers
'Admiral Ushakov ' and 'Admiral Nakhimov' and 24 surface vessels of the Northern Navy are equipped
with rockets with nuclear war heads and able to carry up to 288 units of nuclear weapon at the same time
(Militaerbalansen,1994). The Air Force of the Northern Navy and the Force of Anti-aircraft Defence have
a large amount of attack planes and bombers with nuclear weapons, mainly based on the aerodromes
nearby Olenegorsk, Severomorsk and in Kilpjavr {Nilsen et al., 1994).

In open publications concrete estimations have not appeared as regards the risk of accidents with a
possibility of explosion of nuclear devices. However, several accidents in the Northern Navy are known.
In 1984 a fire took place at a rocket-depository in Severomorsk, accompanied with considerable
explosions {Nilsen et al., 1994). According to Castberg (1992) a few accidents happened during work
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with nuclear rockets onboard submarines. In particular, incidents also took place in Severodvinsk about
once an year. An accident with leakage of nuclear fuel took place in Severomorsk in February 1991. An
analysis of the accident at the 'Komsomolets' (07.04.1989) has shown that at present the greatest threat
for contamination of the environment may be posed by the torpedoes onboard which, in the Komsomolets
case, carry 2 nuclear war-heads (15 TBq of plutonium) (Lisovsky, 1995).

According to the Agreement 'Start', Russia and USA are obliged to reduce the amount of war-heads down
to 3000-3500 until 2003, including a decrease (down to 1750) of strategic rockets, based at nuclear
submarines -, and to take out of operation inter-continental rockets with multiple independently steerable
war heads. This will, from one point of view, lead to the problems of storage and annihilation of the war-
heads, and from another, will raise the significance of the strategic nuclear submarines on the Kola
Peninsula.

3.7. RADIOACTIVE WASTE AND SPENT NUCLEAR FUEL STORAGE FACILITIES

Since 1986 dumping of LRW and SRW in the sea was stopped by the Murmansk Shipping Company,
and since 1991 - by the Northern Navy. Low- and medium-level RW have been stored and pre-processed
at the "Atomflot" and RW storage facilities of the Northern Navy and the Kola NPP. The special feature
of RW-treatment on the Kola Peninsula implies transfer of SNF to sites outside Kola for further
processing and burying. Inside the Kola Peninsula it is planned to bury mainly RW, generated under
exploitation and dismantling of nuclear reactors as well as accidental fuel waste. At present there are RW
depositories at most of the enterprises, exploiting or serving units with nuclear reactors in the region: the
Northern Navy, 'Atomflot' base, Kola NPP, shipyard 'Sevmash' and the repairing shipyard 'Zvezdochka' in
Severomorsk (Figures 2 and 3.1). Most of them have the common problem: the storages are full or almost
full and the technical condition is generally low.

Low- and medium-level LRW (6000 m3 with 3.7 TBq) and SRW (8000 m3 with 100 TBq) are stored at
least at six bases of the Northern Navy (Table 3.1). The Zapadnaya Litsa base is the biggest on the Kola
Peninsula, accumulating 1200 m3of SRW and 200 m3 of LRW (200 m3). On the Kola Peninsula. SRW
and LRW are also stored at facilities in the Gadzhievo (2037 m3 and 200 m3), Palaya bay: SRP 'Shkval'
(340 m3 and 730 m3), Olenja Bay: 'Nerpa1, Rosta: 'Sevmorput' (35 m3 and 2 m3) and Gremikha.

The largest storage facilities for vessel SRW is situated in Severodvinsk with a capacity of about 10700
m3. Large items (reactor parts, cooling pipes, control instruments and equipment used for replacing used
fuel assemblies) that cannot easily fit into containers are placed on the ground without any protection or
safe guarding against drainage into the sea (Nilsen and Bohmer, 1994). 1840 m3 of SRW from the
'Sevmash' is stored at the 'Mironova Gora' facility. The facility has not been used since 1976, and,
therefore, it might be considered as a de facto disposal facility.

The 'ATOMFLOT' has a storage area for metal and other solid waste. As of 1995, there was 1400 m3 of
SRW being held in five land-based storage facilities and aboard the storage ships (see 3.2). It also has a
destruction plant for LRW (2.5 m3 liquid waste per hour) and an incineration plant for low- and medium-
level SRW. Afterwards, the cleansed water is discharged into the Kola Bay.

At the KOLA NPP the low- and medium-level RW is stored by the power plant. Some low-level RW is
burnt at its incineration site for comprimation. Low-level RW is stored in a service building between the
blocks 1 and 2. There is also a plant for solidifying low- and medium-level RW before storage.
Contaminated cooling water is stored in tanks on the premises. The storage capacity for low- and
medium-level RW is relatively satisfactory. The volume of LRW storage capacity is 7806 m3, and it is
filled up to 82%. Storage capacity for SRW is 19500 m3, it is filled up to 35% (6700 m3 with 544 TBq).

On the Kola Peninsula, there is a civil storage facility of the Murmansk Special Complex 'RADON' for
storage of civil RW from 70 companies of the Murmansk and Arkhangelsk counties. The storage facility
occupies 6 ha and is situated 33 km NW of Murmansk along the road from Pechenga to Norway (Figure
3.1). RW is deposited in four concrete tanks within a fenced area. The overall capacity of this storage
facility is 800 m3. By 1 January 1994, 320 m3 of waste with total activity of 169.7 TBq was disposed there
{Sobolev et al., 1995). The waste combined activity was reported as 120 TBq in 1989, with the following
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isotopic composition (TBq): 137Cs - 66, 3H - 43, 170Th- 7, 192Ir - 0,9 and 241Am - 0,3. In addition, 10
containers of contaminated metal waste and various filters from the 'Lenin' are stored here. The
combined radioactivity of these containers have been calculated as 370 TBq, including 90Sr - 170 TBq and
137Cs - 170 TBq (Nilsen et al.,1994). The 'Radon' did not satisfy imposed demands of safety and was
temporary closed.

Storage and treatment ofSNF
Spent fuel assemblies of the Northern Navy are temporary stored at the following sites (NACC 1994):
• The storage facility at the Andreeva Bay of the Zapadnaya Litsa naval base is storing close to 20500

fuel assemblies in two water-filled concrete tanks located about 200 meters from the sea. It is the main
SNF storage facility of the Northern Navy and is filled to capacity.

• A barge (25 years old) for storage of SNF at the Zapadnaya Litsa naval base holds 560 fuel assemblies
and is filled to capacity.

• Storage facilities are located at the Gremikha naval base, where large tunnels at sea level are used for
protection of strategic submarines. SNF assemblies from submarines with the liquid metal cooled
reactors (the 'Alpha' class) are stored here and can not be reprocessed.

• 476 fuel assemblies from submarines of the Northern Navy are stored on the service ship 'Lotta' at the
'Atomflot' base in Murmansk.

• There are more than 15 000 SNF assemblies aboard reactors in decommissioned submarines floating
at several naval bases. The main problem is that most of the submarines are in poor condition due to
corrosion and insufficient maintenance.

• The shipyard 'Zvezdochka' in Severodvinsk has three PM storage barges of the 326M type and one of
the 'Malina' class. All volumes are filled to capacity (1680 fuel assemblies) and are in a very poor
condition (corroded hulls, broken equipment etc.).

The present procedure for the treatment and handling SNF of the Northern Fleet was introduced by the
Russian nuclear submarine program as follows:
1.Removal of the spent fuel assemblies from the reactors and transfer to storage compartments onboard
the service-ship 'Severka', and later, to ships of the Malina class.
2.Temporary storage of the spent fuel assemblies onboard these service ships. Eventual transport to land-
based storage facilities owned by the Northern Navy at the Andreeva Bay and temporary storage there for
three years.
3.Transfer of the fuel assemblies back to the Northern Navy's service ships for transport to the
'Sevmorput' shipyard at Rosta nearby Murmansk. The fuel assemblies are then forwarded further to the
railway yards adjacent to the 'Sevmorput'.
4.Re-loading of the fuel assemblies into transport containers and forwarding to the 'Mayak' in the Ural.
5.Storage and eventual reprocessing at the 'Mayak' (Nilsen et al., 1995).

One of the serious problems is that the 'Mayak' cannot accept for reprocessing a part of the spent fuel of
the Northern Navy , including: all SNF from submarines with liquid metal cooled reactors; defective fuel
assemblies, that are bent or have broken cladding (for example, those stored at Gremikha and Andreeva
Bay); submarine reactors with damaged fuel assemblies (for example, K 192 at the 'Shkval' shipyard).
According to some experts, about 10% of the fuel assemblies accumulated at the Northern Navy bases and
shipyards cannot be reprocessed. In addition there are 52 nuclear submarines with 102 reactors that are
taken out of operation, in which SNF is not unloaded from the reactor (Nilsen et al. 1995).

Spent fuel from civil ice-breakers of the Murmansk Shipping Company is initially stored for six months
aboard the 'Imandra' service ship and then transferred to the 'Lotta' ship at the 'Atomflot' base in
Murmansk. On both vessels, the SNF is stored in dry, water-cooled containers (Bukharin, 1994). Today
the number of the fuel assemblies has reached about 12 000. Approximately half of the fuel assemblies
have been sent to the 'Mayak' for reprocessing. The rest is stored aboard the ships at the 'Atomflot' (7595
according to CASSIOPEE (7996)). About 35 % of all fuel assemblies stored at the 'Imandra' and 'Lotta'
have zirconium surrounding the plutonium fuel. Such fuel assemblies cannot be reprocessed, and will,
therefore, not be dispatched to the 'Mayak' (Nilsen et al., 1994).
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In the storage for SNF on the K O L A N P P there are 1308 assemblies. The spent fuel assemblies from the
reactors of the Kola NPP are warehoused in a water pool beside each reactor.

After about 3 years of storage, SNF from the Kola NPP, the Northern Navy and the Murmansk Shipping
Company is shipped to the 'Mayak' reprocessing plant in the Chelyabinsk county by railways. SNF in the
TUK-18 casks originates from the 'Sevmorput' facility which is connected to the 'Mayak' via the central
rail system. Other bases in the North (the Zapadnaya Litsa, 'Atomflot', Severodvinsk) have rail terminals,
but they can not handle heavy shipping casks. Spent fuel from these bases and the Gremikha must be
consolidated at the 'Sevmorput' before shipping (Bukharin, 1994). Transport of fresh fuel assemblies to
the Murmansk county is not so dangerous and does not present the same problems of radiation and
security as transport of SNF, because unused fuel assemblies are not very radioactive.

3.8. NUCLEAR EXPLOSIONS AT THENOVAYA ZEMLYA TEST RANGE

There were two major fields for nuclear test explosions in the FSU: Semipalatinsk in Kazakhstan and
Novaya Zemlya in the Arctic. The
Northern Nuclear Test Range was
established in 1954 (Krivokhatsky et
al. 1992). Two areas (Figure 3.7) on
the islands (the large one on the
Northern island and smaller one on
the Southern island) with adjacent sea
volumes and minor islands belong to
the Test Range. The aggregate size of
the two areas is 750 km x 150 km.
They cover about 90 200 km of land

and water (including 55 000 km2 on
land).

Three sites were designated for
conducting nuclear test explosions
(Fig. 3.7):
• the Sukhoy Nos Peninsular (the

Sulmenov Bay) N of the
Matochkin Shar Strait (site C),

• close to the Southern coast of the
strait (site B),

• the Chyornaya Bay in the vicinity
of the southern end of the
Southern island (site A).

The first underwater nuclear test at

Figure 3.7. The Northern Nuclear Test Range at Novaya Zemlya. t h e R a n § e w a s c a r r i e d o u t o n 2 1
B 6 y y September 1955. In all, 130 nuclear

explosions were conducted at the
Range until 24 October 1990, including 88 atmospheric (one - close to the land surface and two - close to
the sea surface), 3 underwater and 39 underground. The total power of the explosions was 265 Mt (on the
basis of fission) or 93% of the total power of all the nuclear weapon tests made in the FSU (Andryshin et
al., 1996). During 1955 - 1962 at the Range there were carried out altitudinal air, ground, above-water
and underwater explosions. Since 1964 after the signature of the Moscow Treaty concerning the ban on
nuclear tests in the environment (1963), only contained underground nuclear tests were made without
crater formation. All the underground explosions made at the Range during 1964-1990 gave a total
release of 92.5 - 185 TBq of l37Cs due to decay of 137Xe and some quantity of 3H. The underwater
explosions may have generated about 2 PBq (54 kCi) of ^Sr and 3 PBq (81 kCi) of 137Cs {Drichko, 1994).

Kara Sea

/ - border of the test range;

t - nuclear tests;

A, B, C - main test sites;

~ - rivers;

| ."- glaciers,
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From 1991 there was no explosions at the Range because of the moratorium for nuclear explosions by RF.

3.9. CIVIL NUCLEAR EXPLOSIONS

In the northern regions of Russia 41 civil nuclear bombs have been detonated, most of them in Siberia.
Two projects (the 'Dnepr-1' and 'Dnepr-2') were implemented in Murmansk county in the mine of
Kuel'por in the Khibiny mountains 21 km NE of the town of Kirovsk (Fig. 3.1). They were applied to
crush apatite ore for easier ore extraction. The 'Dnepr-1' was made on 4 September 1972 in a chamber at
a depth of 130 m. The energy yield projected was 2,1 kt TNT (or 4.1 kt according to Cochran (1989)). It
was supposed that the glassy sphere stays water- and gas-tight long enough for the most harmful
radionuclides to decay. According to official data, there were no deviations from the projected
containment of the 'Dnepr-1'. But according to Jemelijanenkov et al (1992) and the local mass media
some release into the environment took place there. The project 'Dnepr-2' was implemented on 27 August
1984 at the same industrial site as was the "Dnepr-1". A double explosion was made in a well at a depth
of 160 m. The projected yield was up to 1,7 kt TNT for each charge. No deviation from projected
technology was officially recorded. The industrial sites are now closed and periodical radiation control of
the environment is carried out.

In the Arkhangelsk county three explosions were carried out during 1984-1988 with the aim of deep
earth-crust sound ranging (Fig. 2). According to Jemelijanenkov et al (1992) the first project (the 'Kvarts-
1') was carried out in 1984 near the Ruchji village, close to the Kola Peninsula (in last official publication
(Andryshin et al., 1996) this explosion is absent, there is only the 'Kvarts-2' project in Komi republic
11.08.1984). The second project (the 'Agat') was implemented on 19 July 1985 150 km W of the town of
Mezen . A nuclear device with the projected yield up to 8,5 kt TNT was detonated in a well at a depth of
770 m. The third project - the last FSU industrial nuclear explosion (the 'Rubin-1') - was carried out on 6
September 1988 at a site 160 km NE of the Velikii Ustyug town. A nuclear device with the projected
energy yield 8,5 kt was detonated at a depth of 800 m. The project 'Pint' was carried out on 25 May 1981
for gas-gusher extinguishing at a site 65 km NE of Naryan-Mar, the Nenets National District (according
to Andryshin et al. (1996) - in the Arkhangelsk region). A nuclear device with the yield up to 37,6 kt was
detonated at a depth of 1470 m. No venting of radioactive gases was registered. The object is now closed
and the radiation situation is reported to be normal.

3.10. NUCLEAR VESSELS ACCIDENTS

Nuclear vessels of both the Northern Navy and the Murmansk Shipping Company had repeatedly had
considerable accidents. Among the most dangerous ones were breakages of the cooling system,
overheating of reactors or fires, sometimes leading to submarine sinking. A list of and information about
the most serious 29 accidents on vessels of the Northern Navy and the Murmansk Shipping Company is
cited in Table 2.4 of the IIASA report (1IASA, 1996b). The most complete information about the accidents
on the submarines (about 212) has been collected by the 'Greenpeace' (Arkin and Handler, 1989, Handler,
1993) and 'Bellona' (Nieslen et al., 1994). Some of the sunken nuclear submarines were subsequently
salvaged, but their reactors were later on dumped in the Kara Sea (see 3.4).

Accidents on the nuclear ice-breaker 'Lenin'
The two most serious accidents concerning Russian civil nuclear vessels affected the icebreaker 'Lenin'. In
the winter of 1966, there was a first report about a major discharge of radioactivity from the reactor
section aboard. As the fuel assemblies in the reactors at the 'Lenin' were to be replaced in 1966, it was
discovered that several of the fuel assemblies had expanded due to overheating. 40 % of the fuel
assemblies were removed, and transferred to the 'Lepse'. 60 % of the fuel assemblies were left in the
reactor. Some time later the whole reactor core was taken ashore and placed in a container filled with
polyester. Besides, there was a major leakage in the cooling system of one of the reactors in 1967. Cooling
water leaked out, and the reactor section was radioactively contaminated. It was decided to replace the
whole reactor section with the three reactors. The 'Lenin' was towed to the Kara Sea, and these reactors
(along with the 1966 container with fuel assemblies) together with the contaminated cooling circuit of the
reactor section were dumped in the Tsivolki Bay in 1967. The 'Lenin' was then towed to the 'Zvezdochka'
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shipyard at Severodvinsk (on 12 December), where two new, second-generation reactors were installed
(Nilsen et al., 1994).

The sunken submarine 'Komsomolets'
On 7 April 1989, a fire broke out in the stern section of the Soviet nuclear submarine SSN 'Komsomolets'
(K278, Mike class). The submarine sank to a depth of 1685 m at 73°'43'16"N, 13° 15'52"E, near the
south-west part of the Bear Island (Figure 2). The site is about 300 nautical miles from the Norwegian
coast. The wreck contains one nuclear reactor and two nuclear warheads, one of which was fractured. The

radionuclide inventory includes 1.5 PBq ^Sr , 2 PBq ^ 7 Q S about 16 TBq ^™Pu in the two warheads and
5 TBq of actinides in the reactor core. In 1994 (Baxter et al., 1995) an international expedition was
performed to study among other things the ambient radioactivity at the sunken submarine. The results
show that a very limited leakage of caesium and tritium has occurred from the submarine.

3.11. OTHER SOURCES AND NEW PROJECTS

Mining and Refinery Combinates
There are several uranium and thorium deposits in the region of a potential mining (see Figure 2):
• The Lovozero Tundra - Thorium in phosphate, rare earths in syenite complex; and uranium with

thorium minerals in alkalic rocks.
• The Chupa District - Uraniferous pegmatites in Precambrian gneisses. Uranium mineralisation in

paleovolcanic, and intrusive rocks of Baltic shields.
• The Lake of Onega - Uranium and vanadium minerals associated with black graphite-bearing

marine shales, peat, and asphaltite (Prude & Bradley, 1994).
The LOVOZERO MINING AND BENEFICATION COMBINATE (Sevredmet1) is placed by the settlement of Revda
S of the town of Lovozero in the central Kola Peninsula (Fig. 3.1). The extracted ore contains, among
other minerals, lopartite. The lopartite concentrate contains extractable amounts of niobium, tantalium
and titanium. The concentrate is furthermore radioactive, as it contains uranium (0.03 %) and thorium
(0.6%). The combinate has two mines (Karnasurt and Umbozero) and a refinery site in Revda. The
lopartite from Revda is transported in custom built containers (the 'Ryumka'). Due to y-radiation, there is
an exposure of 800-900 )j.R/h at a distance of one metre from these containers (Nilsen et al., 1994).

There are also storage facilities for refinement waste at the Kovdor mining-refining plant in the town of
Kovdor (Fig. 3.1), where radioactive lopartite, baddeloite and perovskite are mined (Econord 1993).

The Rocket launching-range in Plesetsk
Spacecraft with thermo-electric generator (RTG) or small nuclear reactors are launched from the rocket
launching-range in Plesetsk, which is situated 220 km S of Arkhangelsk (Fig. 2). The first Soviet satellite
with an RTG was the 'Cosmos' 84 which was launched in 1965. Polonium- 210 was used as heat source.
Due to the short half-life (138 days), this RTG-model had a lifetime of only 3000 hours. The first reactor
used in a Soviet spacecraft was onboard the 'Cosmos-198', which were launched on 27 December 1967.
The reactor type name was probably the 'Romashka' and was a fast reactor. In 1974 a new reactor type
(the 'Topaz') for satellitescame into use in the FSU. Life time was 5000 hours with an electrical power
output of 5-10 kW. The fuel in the reactor consisted of 31,1 kg 238U with enrichment of 90 %.

Lighthouses with RTG
Radioisotope thermal generators (RTG) have been developed as power sources in areas of low
accessibility, in particular for the operation of lighthouses in Arctic waters. These lighthouses have been
in operation since the mid- 60's, and at the peak of their usage, 500 were in operation simultaneously
along the coast of the Kola Peninsula. These RTGs utilise 90Sr, a P-emitter with a half-life of 28.5 years
(Nilsen et al., 1994). The effective life span for the 90Sr -source is between 10 and 20 years. Spent sources
are to be sent to Moscow.

The RTG-based lighthouses on the Kola Peninsula are owned and operated by the Northern Navy. Out of
2000 lighthouses on the Kola Peninsula and Novaya Zemlya, 132 are equipped with RTGs. An estimate of
the combined radioactivity indicates that lighthouses located around the northern coast of Russia contain
between 225 PBq and 1270 PBq. A more accurate specification of the combined activity demands more
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specific information on types, and the duration of operation, of each RTG. Little information is available
concerning the storage of spent RTG-sources. Reports have been made concerning two spent sources
discovered on the docks of Linakhamari, close to the Norwegian border {Pol. pravda, 11.09.1993). One
source was abandoned by the army on the wharf of Mishukovo.

Use of radioactive isotopes in the national economy.
Radioactive and x-ray sources are used extensively throughout the Kola Peninsula in industry, mining
companies, research and for medicinal purposes. 58 enterprises and institutions of the Murmansk county
use 9 500 radioactive sources of different isotope (Mikhailov, 1991), with total activity of 481 TBq (13
kCi) {Amozova, 1995). However, the control of the use of the civil radioactive sources at the enterprises is
not satisfactory. For instance, in 1993 a 60-kilo container with 137Cs was stolen from the Apatite-
Nepheline Refinery Plant (ANOF-2) on the outskirts of the town of Ap atity.

The Kola NPP-2.
There is a plan to build a new nuclear plant, the Kola NPP-2 on the shore of the Imandra Lake, 11km
from the Kola NPP-1. The Russian Atomic Energy Ministry, Siemens AG and the Bavarian Bayernwerk
AG energy company have announced a program to build a nuclear reactor of a new generation - VVER-
640. These reactors are projected to be put in operation in 2002-2003. The main unit of the first new-
generation nuclear power plant will be constructed in the town of Sosnovy Bor (the Leningrad county)
and at the Kola NPP-2. Specialists from the Bayernwerk Joint Stock Company have inspected the VVER-
640 reactor and concluded that the medium capacity reactor corresponded to international safety norms
and should have an extended service life of 50-60 years. The Kola NPP-2 will include three VVER-640
reactors and will be put into operation in 2010, when units 1 and 2 at the Kola NPP-1 should be
decommissioned. The Kola NPP-2 project is estimated to cost 3.5-4 billions US dollars.

The underground NPP "RUTA".
The project of building an underground low-energy heat nuclear plant (the 'RUTA') near Apatity is under
discussion {Econord, 1993). The Mining Institute of the Kola Science Center is the leading organisation
for the development of the project (Melnikov et al., 1994). The main argument of the elaborators of the
project is that the underground placement of reactors can effectively prevent releases in case of severe
accidents. Hull reactors of the PWR type or energetic reactors of the vessel type might be used as reactor
units. Besides, there are some proposals to use ship reactors for the NPP, tested on ice-breakers and
cruisers during their long-term operation.
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4. Environmental sensitivity and risk assessment methodology
Sensitivity in the general sense considered in this chapter comprises environmental as well as
demographic characteristics of the areas affected by the prevailing radioactive contamination, or
that potentially may be exposed due to releases from any of the sources. Ecological sensitivity
results from environmental processes implying relatively high concentrations or long-time
persistence in whole ecosystems, at particular sites, and in food-chains of key importance. The
demographic aspects cover the population distribution in relation to the distribution of release
sources, and areas potentially affected by significant exposure, due primarily to the distance
from the source and the extent of food utilisation from contaminated areas. Risk assessment
strategy for analyses of source-effect relationships used in our study, is also discussed in this
chapter, and includes the following main methods: INFERENCE FROM ACTUAL EVENTS: accidents-
releases-consequences, PHYSICAL MODEL based on known input and prevalent levels, and
THEORETICAL MODEL: simulated response to assumed release scenarios.

The principal steps illustrated in Figure 4.1 linking radioactive release and subsequent environmental
transport to exposure of man comprise:

A: Short- and long-term present or potential leakage of
radioactive waste into the environment, due to the
properties of protective barriers;

B: Transport and distribution of radionuclides in the
environment due to the characteristics of important
hydro-geophysical processes, and the physical extension
of the source;

C: Ecological (bio-geo-chemical) redistribution of the
radioactive contamination and transfer in food-chains;

A Radioactive release 1
IB Physical transport in

air, water or soil

C Ecological redistribution and
transfer over food-chains
D Exposure of man

Figure 4.1. The principal links relating
radioactive release to exposure of man.

D: Exposure of populations and critical groups depending on
distance from the source of release, living habits and
consumption patterns.

4.1. MARINE AND ATMOSPHERIC PATHWAYS

Of primary importance for the sensitivity of the Kola-Barents region - in terms of transport of
radionuclides in the environment and their ecological behaviour - is its nearness to the Atlantic and
Arctic Seas, as well as the climatic characteristics and circulation patterns, due to its arctic position.

The strategic environmental position of the Kola-Barents region thus has the result that it may effectively
constitute a source to contamination far away by releases to air or water, and at the same time be itself
exposed to distant releases.

Hydrological characteristics
The Barents and Kara Seas

In connection with the main currents in the area, the joint Norwegian-Russian expedition (1993) gives the
following characteristics of the hydrological situation :

In the west, the Barents Sea is entered by the warm North Cape current. Further to the east, the North
Cape current falls into several legs. In the west the North Cape current is divided into the North and the
Coastal current. The northern periphery of the gyres is cold current. On merging, the cold current forms
the Medvezhinskoye current which is directed east-west.

The vertical structure of the Barents Sea waters is governed by several factors: a well-developed autumn-
winter convection, inflow of Atlantic waters, wind mixing and summer warm-up. The Atlantic waters
have an effect primarily on the south-western parts of the sea. The horizontal distribution of the surface
water temperature is characterised by a decrease from south-west to north-east. The highest salinity of 35
%o also occurs in the south-western part of the sea receiving the Atlantic waters. In summer, the river
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water goes far into the open sea and ice-melting causes a desalination of surface water even in the central
and western parts.

The distribution of salinity with depths, as that of temperature, is not uniform across the sea. In summer,
the desalted layer is 20-30 m depth. At the lower boundary of the layer a salinity discontinuity is formed
which disappears in winter. In winter about three fourth of the Barents Sea is usually covered with ice.
The warm North Cape current maintains a temperature above 0°C throughout the year in the south-
western parts of the sea.

The Kara Sea is located north of the Polar Circle. The climate is arctic, although the proximity of the
Atlantic Ocean makes the climatic conditions milder. The Atlantic effect is, however, weakened by the
fact that warm Atlantic water and air masses encounter the high mountains of the Novaya Zemlya and, as
a consequence, the Kara Sea climate is more severe than that of the Barents Sea.

River run-off constitutes an important factor in the formation of the sea hydrology. The Kara Sea annually
receives 1290 km3 of river waters, mainly from the Ob and Yenisey. This run-off plays an important role
in the circulation of the Kara Sea. Of importance is also the water exchange between the Barents and the
Kara Seas; through the Kara Gate, through Yugorsky Shar and through a broad passage between the
Novaya Zemlya and the Franz Josef Land.

The water masses of the Kara Sea can be divided into five groups: 1) Water of low and medium depth; 2)
Deep cold and high salinity water of local origin; 3) Water from the Ob and Yenisey rivers with low
salinity - and in the summer, with a relatively high temperature (7 - 10°C); 4) Atlantic surface waters
with higher temperature and salinity from the north, north west between the Franz Josef Land and the
Novaya Zemlya, and from the south west through the Kara Gate; and 5) Cold deep waters from the lower
part of the central Atlantic basin.

The vertical stratification of the Kara Sea waters is influenced by a number of factors such as inflow of
high salinity Atlantic water to the deep parts of the troughs, desalting of the upper layer with river waters,
density convection related to winter cooling and ice formation, spring snow melting and summer warm-
up. Between the upper desalted water layer and lower waters with higher salinity, a density discontinuity
is formed, which inhibits vertical mixing. The near bottom sea layers are ventilated due to water cooling
and sinking in shallow areas.

The Kara Sea is covered with ice during winter. Ice formation in the northern parts starts in September
and in the southern part during October- November. In August, the area covered with ice is usually
minimal.

Coastal waters and fjords
The distribution, differentiation and rate of accumulation of radioactive matter in coastal waters are
conditioned by a number of hydrodynamic, hydro-chemical, hydro-biological and geo-morphological
factors. The resulting distribution pattern depends mainly on depth and bottom topography, velocity and
direction of constant and tidal currents, ice conditions, drift of sea ice and icebergs, salinity and
stratification of water, river drain and total water balance, as well as rate of sediment-accumulation.
When analysing the distribution of artificial isotopes in the White, Barents and Kara Seas it is thus
necessary to consider any such difference in hydro-dynamic conditions. In addition, the types and varying
amounts of sea organisms present in the water of the open sea and bays may also be of importance for the
resulting distribution of specific radionuclides between water and sediment.

Caesium is partly absorbed in particles in sea water and in the seabed. However, the hydrological
transport of that water-borne fraction of caesium, which is not associated with inorganic suspension and
hydro-carbonates, is governed by the direction of prevalent currents. In the marine environment, chemical
and biological processes modify the caesium distribution to a high extent. In areas with a high rate of
sediment-accumulation - for example in coastal areas - caesium accumulation is likely, because it can be
absorbed in considerable amounts by suspended particles and bottom sediments (Gromov, Spitsin, 1975).
The resulting distribution patterns of 137Cs in sediments may be rather inhomogenous, as is observed at
certain sites in the straits between the Barents and Kara Seas, as well as close to and within the estuaries
of Siberian rivers. Sometimes the differences in radioactive concentrations over short distances may be
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more than one order of magnitude. In several cases there appears to be no significant source of release in
the immediate vicinity. These patterns are, therefore, likely to reflect effects of the vertical and horizontal
circulation of water masses and hydro-chemical processes exerted by the recipient media on radioactive
particles present in resuspended matter, or on fresh water discharges from the Siberian rivers into the
saline sea.
90Sr can be absorbed by suspended particles to a lesser degree than 137Cs {Horn, 1972). The strontium
distribution is affected, first of all, by circulation processes and intermixing of water masses. Plutonium,
forming colloids and complex polymer forms, is effectively absorbed by suspended matter and becomes
gradually removed from the water into sediments (Matishov, 1994).

Because several important radioactive sources are present in fjords or at river mouths, a detailed
investigation of possible dynamics of radionuclides in the water and sediments of the fjords and rivers is
very important. For instance, calculations of the IAEA/MOL laboratory from Monako {Osvath et al,
1995) show, that the main transport of a potential 137Cs emission from sunken reactors in the bays of the
Novaya Zemlya would go northwards along the coastlineof the archipelago, to the Kara Sea and further to
the Arctic Ocean. According to these estimations, the most sensitive inhabited area is the coastline of
Taimyr. Local-scale models of the dynamics of possible sources of radionuclides for the sunken reactors in
the fjords, and transport into the Siberian rivers are considered in chapter 6.2.3 of the IIASA report
(1996b).

The airborne transport of radionuclides
In comparison to the behaviour of the main sea currents, the directions, and circulation patterns for
airborne transport in the region is evidently not so persistent. However, in the 16 synoptic situations for
the Arctic region assessed to cover the predominant types, the main regional transport of air masses has a
prevalent east direction (WOA, 1983).

When analysing of scenarios of accidental situations it is generally advisable to proceed from probable
climatic fields or to analyse typical and extreme situations. In most case-studies carried out for regional
sources of radioactive release in this area calculations have been made based on weather data for real
meteorological situations (Thaning, 1994; Polyarnye Zori, 1995). Furthermore, analysis of possible
trajectories of transport of radionuclides in the Arctic (the region of Alaska) from a NPP is currently
carried out by the Geophysical Institute of the University of Alaska (Jaffe et al, 1997a; Mahura et al,
1996). Both in its potential role as source of release, or as target for exposure from pollution in the air, the
arctic location of the region subjects it to a significant effect - the accumulation of pollution in the Polar
area - resulting from the characteristic atmospheric circulation in the Arctic. This phenomenon, called
'Arctic Haze', has mostly been in focus when analysing anthropogenic non-radioactive pollutants

(Stonehouse, 1986). Influence of
this effect on possible transports
and accumulation of radionuclides
in the Arctic atmosphere has not yet
been thoroughly considered.

Preliminary results from the
calculation of the airflow
probability field from the Kola NPP
for the northern Europe during
1991-1995 are presented in Figure
4.2 based on the joint pilot study
(Jaffe et al., 1997b). That study
concluded that more than 28% of
all forward trajectories from the
Kola NPP reached the Scandinavian
region. These trajectories cross the
area roughly 45% of the days
during the five year period studied,

Figure 4.2. Airflow probability field for the Kola NPP during
1991-1995 (Jaffe et al., 1997b).
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mostly concentrated in summer-spring-fall. Highly populated regions, Scandinavian and central European
part of FSU, are at the greatest risk in comparison with the Central European region. Radionuclide
transport to the central FSU region can occur in one day, but averages 2.7 days for the those 45% of the
cases of the free troposphere transport affecting the area. To the Scandinavian region it can occur in 0.5
days, but averages 1.2 days with most of occurrences (up to 70%) resulting from the transport in the
boundary layer. Transport from the Kola NPP to the Central European region accounts for about 3% of
trajectories throughout the year, cases mostly concentrated in winter. The average time of transport is 4.5
days. The probability of direct impact is 8% throughout the year with more than 60% of the transport
within the boundary layer. Roughly 45% of all trajectories follow a path to the north-west Asia region and
Central Arctic. The probability of direct impact is more than 55%. The average time of transport is 3.4
days, with a minimum of one day and with the free troposphere transport in 73% of the cases.

Airborne transport of radionuclides generally gives rise to deposition patterns that to a high degree reflect
the local levels of precipitation - the higher the precipitation, the higher the resulting deposition. In
accordance with this general behaviour, airborne transport of radionuclides from the Chernobyl accident
over the Kola region has generated a radioactive deposition that is strongly related to the local
precipitation in the region (the average level of annual precipitation is 600-800 mm).

4.2. RADIOECOLOGICAL CHARACTERISTICS OF THE ENVIRONMENT

The boreal and subarctic parts of the Kola Peninsula exhibit relatively high sensitivity with regard to
fallout of radiologically important long-lived nuclides, due to generally higher early as well as long-term
concentrations in the vegetation per unit fallout than prevalent south of the boreal zones. Frequent, heavy
use of terrestrial food products from these areas therefore will lead to cumulative doses with significant
contributions also a long time after the occurrence of the initial environmental contamination.

Residens time and "availability" in food-chains
The terrestrial ecosystems

The humus layer usually retains a major fraction of the fallout of radioactive caesium in the boreal zone,
evidently even several decades after deposition. This notable feature, as well as a persistent high
availability in important food-chains, emerges from the present Nordic radioecological research (Bergman
1994, Dahlgaard 1994, Bergman 1995). Both constitute facets of a singularly conservative - although not
at all static - situation prevailing for radioactive caesium in the boreal forest.

Runoff of 137Cs, although generally very small with regard to loss from podzol soil in comparison to the
loss by physical decay, appears to be particularly important when deposition occurs during winter or early
spring as in the case of the Chernobyl accident. Furthermore, the release of 137Cs from peat in discharge
areas seems to be relatively high during several decades in the boreal zones. The mobility and loss by
runoff is higher for 90Sr as compared to 137Cs. Resuspension - potentially contributing both as an input to
and loss from a forest ecosystem - appear to be negligible compared to that of other processes.
Nonetheless, it may be relatively important for short- and long-term redistribution at the alpine level
(Gaare 1989).

Concerning the behaviour of radioactive fallout in arctic soils, less is known than about that the boreal
conditions. Wind erosion and loss by runoff is expected to be more important than in forested ecosystems
{Gaare 1989, Bergman 1994), and the concentration of radioactivity from the global fallout appear to
have a depth distribution with maximum levels, still close to the surface, but somewhat deeper down in
the organic layers (Olsen 1993, Persson et al. 1995) than in the boreal zone. Although these
characteristics may be associated with a shorter residence time than in the boreal zones, the findings from
Alaska and Canada indicate that also in the arctic tundra system the 137Cs deposited in the '50s and '60s
still is being actively cycling within the top 10 cm of the tundra surface, and that the availability for
uptake in the vegetation is persistently high (Olsen 1993, Hanson 1993). Thus the main feature of
relatively long time retention in the organic layers appears to be valid both for the boreal forest and arctic
tundra systems.

In areas south of the boreal zone substantial downward transport of 90Sr and 137Cs occurs in undisturbed
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soil. This may gradually transfer radioactive caesium out of the horizons where effective recirculation
takes place in the living matter. If radiocaesium under the downward transport comes in contact with
mineral soils, immobilisation and decreasing availability for uptake in the vegetation are rapid. However,
in the boreal zone, the distribution pattern for radioactive caesium in soil is essentially the same over
several decades, i.e. most of it remains in the upper organic layers. Furthermore, in this zone no
significant decrease in availability is apparent for the distribution of "old" and "Chernobyl" caesium in
vegetation and soil (Raitio and Rantavaara 1993) and in certain forest food-chains, as indicated by the
activity concentrations in moose {Bergman et al. 1991, Johansson 1993), as well as by analysis of various
foodstuffs of "wild" origin {Rantavaara 1990).

Consequently, for 137Cs the availability in the food-chains based on root-uptake in plants (i.e. with regard
to the end-products games and berries), and on mushrooms, is largely governed by the rate of physical
decay - which means relatively high levels prevalent during several decades. For reindeer the availability
reflects the concentration in lichens (which have no root-system and essentially become contaminated
only by direct deposition). The concentration in the lichens generally decrease with a half-life in the
interval 4 - 1 0 years.

The levels of 90Sr in food-chains on undisturbed or uncultivated soil decrease faster than those of 137Cs.
Yet, the decrease of 90Sr is still relatively slow, and for food-chains over pasture in the northernmost
boreal parts of Sweden it appears to proceed in accordance with a half-life of about 10 years {Nelin and
Bergman 1996). Where such food-chains are of importance also on the Kola Peninsula, the situation is
expected to be similar.

The marine ecosystems
The hydrological factors of main radioecological significance in the Arctic waters bordering to the Kola
Peninsula are associated with the inflow of warm nutrient rich and highly saline Atlantic water into the
Barents Sea, and the relatively colder waters of rather low salinity in the Kara and White Seas.

In the Barents Sea a large part - but not the whole - of the surface is generally covered with ice. During
the ice melting in the summer this generates an intensive ice-edge phytoplankton bloom {F0yn and
Svceren 1995). This highly productive zone accompanies the retreating ice-edge northwards during the
melting. Another essential factor for the high biological production in this area is the input of the nutrient
rich Atlantic waters. The Barents Sea ecosystem contains some of the world's largest fish stocks e.g. the
capelin, the Northeast Arctic cod and partly the Norwegian spring spawning herring. Over the last four
decades, the annual catches offish from the Barents Sea is about 2-3.5 million tonnes on the average. In
addition to the direct harvest within the area, the Barents Sea constitutes a feeding ground for fish
populations harvested further south on the Norwegian shelf {F0yn and Svceren 1995). The productivity of
the colder waters in the Kara Sea are much lower.

Consequently, for the transfer of radioactive nuclides through marine food-chains in the Arctic seas close
to the Kola Peninsula to the population at large, the input through the high catch offish from the Barents
Sea is of major importance.

The ratio between the concentration of certain important nuclides (particularly radioactive caesium) in
fish to that in water is inversely related to salinity - high salinity means relatively low concentration in
the fish and vice versa. Thus the concentration of radioactive caesium in fish is relatively low in the
productive Barents Sea, where the fish catch is considerable. This is of importance for the transfer to the
population at large of radioactive nuclides through marine food-chains in the Arctic seas close to the Kola
Peninsula. In areas where a relatively low salinity is prevalent during the whole year or over long periods,
e.g. in the Kara and the White Sea, this fish/water ratio is higher, but the fish catch is considerably
smaller than in the Barents Sea, where salinity is always high. The results exhibited in fig. 2.2
corroborates with this relationship indicating the effective uptake in the fish in brackish water. This is of
importance with regard to the intake of 137Cs of certain groups and even regional populations using fish
caught in such waters.

Regional food products of radiological interest
Despite living at very northern latitudes, i.e. about 65 -70 °N, the climate allows a limited local
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agricultural production on the Kola Peninsula. The main radiological interest as regards domestic
products is related to the food-chain PASTURE-CATTLE-MILK. The production is relevant for consideration
of intake of radioactively contaminated meat and milk in certain groups (Chuganov and Ramzaev 1995),
but is insufficient to as regards the intake by the whole population. As natural or semi-natural pasture is
used extensively, the short and long-term prevalence of radioactive contamination in these food-chains
appears to be essentially the same as for products from the forest ecosystems, e.g. game and berries. Such
food products not belonging to the agricultural area are of primary interest.

The persistence of 137Cs in edible mushrooms, berries and moose is expected to be rather similar, i.e. the
concentration decreasing about a factor of two per decade. The specific activity, however, is commonly
one order of magnitude higher in fresh weight mushrooms as compared to that in game and berries.
During the first ten years after a fallout reindeer meat - in particular from the slaughter in springtime -
contains about two orders of magnitude higher concentrations of 137Cs than moose meat assuming the
same deposition over their respective feeding-area. The food-chain leading to man via reindeer meat thus
as a rule constitutes the most important ecological pathway to consider for groups that might be subjected
to exposure markedly exceeding that of the population as a whole.

Table 4.1 indicate the quotient between concentrations in certain food products (Bq/kg) and the average
deposition (Bq/m2) covering the range frequently observed in the northern boreal zone {Bergman et al

1995).

® Dry matter weight for berries
and mushroom, fresh weight for
animals;
* [Johansson etal. 1991];
** Maximum levels in spring,
minimum in end of summer {Liden
& Gustafsson 1967, Mattsson &
Moberg 1991); *** Maximum
levels obtained after 1 -3 years in
perch, trout and grayling; later in
pike {Johansson et al. 1991)

The sensitivity - both in a
radiological and an economical sense - of reindeer meat to fallout of radioactive caesium is evidenced by
the situation of rein-deer herders in certain parts of Norway and Sweden after the accident in Chernobyl.
In areas where the average deposition of 137Cs exceeded ca 30 kBq/m2 the main part of the meat from the
slaughtered animals had to be cassated during the first year. Despite effective actions to bring down the
activity levels before slaughtering there still is a considerable part of the meat production from these areas
that is too contaminated for the market or frequent own use.
As a guide to preliminary predictions of the radiological significance concerning the use of certain
contaminated food items, ratios analogous to the observed ratios in table 4.1 appear helpful. The long-
time intake of radioactive nuclides via food may be described as dependent on the amount deposited; the
activity concentration in the food product in comparison to that in the fallout; and the quantity consumed.

4.3. THE DEMOGRAPHIC PATTERN IN VIEW OF THE DISTRIBUTION OF RADIOACTIVE SOURCES

The Barents Euro-Arctic region (1182,500 km2) is not densely populated - 4.5 million inhabitants
(average density of the population is 3.8 per km2), the cities and settlements are distributed over the whole
territory with areas of dense population in the south and along the coast (Figure 4.3).

Murmansk county
In the Murmansk county covering an area of 144,900 km2 the population was 1,085 million in 1995.
More than 92% of the population is concentrated in 12 cities and 20 urban-type settlements (Figure 4.4),
while the area covered with the 21 rural districts has less than 90,000 inhabitants. The average population
density is 7.9 per km2, but in the bigger cities - situated in a narrow stripe from the south to the north

Table 4.1. The activity concentration of 137Cs in moose, reindeer,
fresh-water fish, berries and mushrooms in relation to the 137Cs
deposition per m2 during the first five years after the deposition.

Food component

moose

reindeer

fresh-water fish

lingon- and bilberry

cloudberry

mushrooms

Observed Ratio [m2/kg] ®

0.01-0.02

0.2-2**

0.1-0.5***

0.03-0.04

0.1*

0.1-1.5*
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Figure 4.3. The distribution of populated places over the Kola

along the Murmansk railway, where
about 83% of the population lives
(Figure 4.3) - the population were on 1
January 1995 (Murman, 1995):
Murmansk (406,100), Apatity (74,500),
Monchegorsk (63,200), Severomorsk
(59,600), Kandalaksha (49,100),
Kirovsk (37,400), Olenegorsk (31,600),
Kovdor (25,500), Polyamy (25,100),
Zapolyarnyi (21,200), Zaozersk
(19,700), Polyarnye Zori (18,200),
Skalisty (17,300), Snezhnogorsk
(16,400), Ostrovnoy (14,900), Kola
(12,200), respectively. In this narrow
zone the Kola NPP, a number of
military air-bases, 'Atomflot', as well
as units of the Northern Navy are
situated.

In the Murmansk and Severomorsk
counties the population density is
especially high, with a total population
of about 600,000 within a radius of 20

km. There are present numerous radioactive sources of the Northern Navy and Murmansk Shipping
Company. Within a 30-km radius around the Kola NPP the population is 32,600. The people live mainly
in the town of Polyarnye Zori (20,040), and in the settlements of Afrikanda (3,290), Zasheek (1,450),
Pinozero (1000), Nivski (1,400), and Upoloksha (5,400). In addition, the big towns of Apatity,
Kandalaksha, Kirovsk are also situated within the 50-km zone.

The population (mainly consisting of military staff) is also relatively high in the districts of the Zapadnaya
Litsa and Gremikha, where a main base for nuclear submarines, RW facilities and a service base of the
Navy are stationed. Thus, the town of Zaozerny has about 20,000 inhabitants. In '80s in the settlements of
Gremikha about 30000 people lived, but in recent years the population has decreased to 10,000. A
decreasing population is a characteristics of the whole Kola Peninsula since 1991 (Figure 4.5), when mass
migration of the population to central Russia started due to economic reasons, as well as an effect of the
ongoing substantial reductions of the military program.

Adjacent counties
Adjacent to the Kola Peninsula are the
sparsely populated counties of
Arkhangelsk (587.4 km2, population
density 2.67 per km2), and Karelia (172.4
km2, 4.64 per km2) (Figure 4.5). The
dominance of urban population (73% and
74%, respectively) is here less
pronounced than in the Murmansk
county. The regional centre, the city of
Arkhangelsk (inhabitants 411,000) is
situated 30 km from Severodvinsk
(170,000), where the major sources of
concern with regard to radiation risk in
the Arkhangelsk county are accumulated:
the 'Zvezdochka' and 'Sevmash'
shipyards, as well as the Belomorskaya

Murmansk region Arkhangelsk region Kareliya

Rural population 8% 27% 26%

Urbanpopulaflon92% 73'

Finnmark Lapland
28%

Norbotten

Figure 4.4. The rural and urban population distribution in
the Murmansk, Arkhangelsk regions, Karelia and
neighbouring regions on Nordkalotten.
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Figure 4.5. Temporal dynamics of the population
Murmansk, Arkhangelsk counties and Karelia.

of

naval base (Figure 4.2).

The Archipelago of Novaya Zemlya,
being the range for nuclear weapons
tests and RW dumping in coastal
waters, has no permanent civilian
population at present. The small
number of the native Nenets population
was deported to Narjanmar and the
Pechora's tundra (104 families, Nilsen
et al. 1994)) due to the establishment of
the test range.

At present there are 2 military
settlements, where the range staff is
living with their families: one (about
4000 inhabitants) in the Belushja Bay,
and another near the Matochkin Shar

straight. Furthermore, there arean airport (Rogachinovo), a harbour of the Northern Navy, and a
meteorological station.

Adjacent to the Murmansk county and Karelia, the northern districts of Finland, Norway and Sweden still
have less population density (about 1 million inhabitants on 277.8 th. km2 in Nordkalotten, about 3.6 per
km2) (Figure 4.3). The county of Finnmark (Norway) with an area of 48645 km2 had 75975 inhabitants in
1992. Its eastern border is situated 50-70 km from the bases of nuclear submarines in the Zapadnaya Litsa
and 230 km from the Kola NPP. The biggest towns are those of Vads0, Kirkenes, and A lta. The northern
counties of Norway: Troms and Nordland cover 25958 and 38327 km2 with populations of 148749 and
240300 in 1992 respectively.
The Finnish county of Lapland (59038 km2 with population of 202433) lies only 105 km from the Kola
NPP. The biggest towns are those of Rovaniemi, Ivalo, Inari, Sodankyule, and Kemi.
Areas with high population density are vulnerable to radioactive fallout due to the number of people
involved. Moreover, for certain food-chains, discussed in 4.2, the transfer to man of radioactive deposition
is particularly effective — e.g. those of reindeer meat or fresh-water fish. These are expected to be the most
important ecological pathways to consider for groups that might be subjected to exposure markedly
exceeding that of the population on the whole. The main districts of reindeer breeding are the Lovozero
and Tuloma districts on the Kola Peninsula, the district of Inari in the Northern Fenno-Scandia, Pasvik in
S0r-Varanger (Norway), and the western part of Norrbotten (Sweden). These districts also generally
constitute the main living areas of certain ethnic groups - saami populations - whose economy is to a
large extent based on reindeer breeding, and for which fresh-water fishing contributes significantly to the
diet. Accordingly, the saami population stand out as one of the most vulnerable groups to radioactive
contamination of important food-chains in the Kola- Barents region.

4.4. METHODOLOGY OF RADIOACTIVE ENVIRONMENTAL RISK ASSESSMENT

When analysing of possible consequences according to the figure 4.1 it is necessary to investigate all
principal steps linking radioactive release and subsequent environmental transport to exposure of man.
Direct modelling of processes of the radionuclides transport in the environment, transfer in food-chains
and exposure of populations is a very difficult and time-consuming process. Therefore, there are several
methods of semi-empirical, empirical and system modelling of such processes.

Risk assessment strategy for analyses of source-effect relationships, used in our study, includes the
following main approaches (Figure 4.6):
• INFERENCE FROM ACTUAL EVENTS accidents-releases-consequences,
• PHYSICAL MODEL based on known input and prevalent levels,
• THEORETICAL MODEL: simulated response to assumed release scenarios.
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Figure 4.6.

Risk assessment strategy
for analyses of source-effect relationships

INFERENCE FROM ACTUAL, EVENTS

accidents-releases-consequences

PHYSICAL MODEL
based on known input and prevalent

levels

TH EO RETICAL MODEL
simulated response to assumed release

scenarios

The investigation of levels of radioactive contamination is
focused on 90Sr, 137Cs and 239,240^ although other radioactive
nuclides are also considered.

The first method was used basically for most of the risk objects
in the Kola-Barents region using published results from some
real events in this or other areas (weapon tests, the Chernobyl
accident, the Thule accident with warheads, accidents with
nuclear submarines like the Komsomolets or in the Chazma bay,
dumping of LRW, discharges from rivers etc), discussed in
previous chapters and in the IIASA report (HASA, 1996b). For
example, some long-term consequences have been estimated for
regional-scale by using empirical models and correlations
between fallout and doses for humans reported by Swedish
researchers based on the Chernobyl effects on Scandinavia
(Moberg,Ed., 1991, Bergman et ai, 1993, Dahlgaard, Ed.,

1994, Bergman &Ulvsand,1994).

The second method was used for many risk objects in the region also based on published results of
numerous projects and assessments of possible risk levels for the Arctic and European regions or for some
other countries from similar nuclear risk objects (see Chapters 3, 5 and 6 of HASA, 1996b).

Several case studies on release from the Kola NPP, from sunken submarines, or from radioactive waste
and objects in the sea deal with this issue by applying the third method of mathematical modelling. For
more investigated marine environment pathways we used in our case studies published modelling results
appearing in several of the completed or ongoing projects (see chapter 2, and IIASA, 1996b).

For assessment of potential radiological consequences of airborne contamination from radioactive sources
— a major issue in our study — we use own simulations and results originating from the collaboration
with several research groups (Swedish Defence Research Establishment (FOA), Kola Science Centre of
Russian Academy of Sciences (KSC RAS), Alaska University (UAF) and others.

An accident involving a radioactive source might cause large releases of radioactive matters into the
atmosphere and the resulting impact on people and the environment would be largely dependent on the
prevailing weather conditions. Depending on the horizontal scale that we want to study, a simulation of
atmospheric transport, dispersion and deposition also demands different types of weather and release data.

For the local scale (~10 km), wind structure, stability and information about the release, surface, building
characteristics and precipitation are the most important parameters. For the meso-scale (-100 km), it is
also important to include topography, differential heating and cooling etc. For the regional scale (up to
4000 km), a good description of the synoptic evolution in time and space is also of importance. The only
realistic way is to use real weather data, whereas for simulations on local- and meso-scales it is often
justified to use modelled weather conditions.

Two types of assessments are very important to consider probabilistic analysis and case studies.
For case studies of assessment of possible radiation consequences different methods of calculation of the
environment radioactive contamination have been used from local to regional scales:

• for regional scale of Northern Fennoscandia the MATHEW/ADPIC model has been developed by the
Lawrence Livermore National Laboratory, USA and adopted by FOA, Sweden (Thaning and
Naslund.1991, Thaning, 1994),

• for meso-scale a model of atmosphere dynamics and pollution comprised in the CFD system
PHOENICS has been developed by FOA, Sweden (Baklanov and Burman, 1995),

• a 3D model of the dynamics of radioactive pollution for the nearest (to the Kola NPP) zone has been
developed by INEP of KSC and the Computer Centre of the Siberian Division of RAS, Russia in
common (Baklanov et al, 1994).

Up to now a proper Probabilistic Safety Assessment (PSA) has not been done either for the Kola NPP
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reactors or for other nuclear risk objects of the Kola-Barents region, and was neither attempted in our
present study. However, some elements of probabilistic analysis of possible environmental risk from the
nuclear objects for different areas of the European North are considered using the following methods and
models:

• For examination of atmospheric transport pathways, airflow probability and possible direct impact on
difference regions, the isentropic trajectory model and cluster analysis technique have been used by the
Alaska University, USA (Jaffe et at, 1997).

• For analysis of risk levels and possible consequences for the population after radiation accidents, for
the local-scale the MELCOR Accident Consequence Code System (MACCS), USA has been used
(MACCS, 1992).

For analysis of sensitivity of the environment in regions mainly affected by present or potential releases,
the methods of estimation of sensitivity and the process of optimisation, developed by Academician
Marchuk's School {Marchuk, 1994) seem to be rather promising. Examples of some applications of these
methods for estimation of sensitivity of the Arctic regions to radiation risk units have been reported by
Baklanov et a., (1992).
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5. Radiological consequences of potential radioactive releases to the
environment

The many radioactive sources present in the Kola-Barents region - of which some are in bad
and worsening condition - imply that it is possible to identify several types of situations expected
or known to give rise to radioactive release and radiation exposure. Risk in this context may
possibly have more than one meaning. For sources already known to contaminate the
environment, risk refers primarily to the likelihood of the release being relatively high, or leading
to significant radiological consequences. In other cases, risk may refer to the probability of
radioactive release, the consequence (on the assumption that release will occur), or a
combination of the two. We have tried to be explicit about the interpretation in the specific
cases, unless in cases where any ambiguity lacks importance.

Relevant cases are assumed to belong to some of the principal categories for such "risk
situations" presented below.

The significant radioactive sources in the region, the following set of case scenarios encompass
in broad categories events of major interest for the risk analysis:

• nuclear reactor accidents (at a nuclear power plant, on a submarine, icebreaker or
cruiser);

• nuclear accidents with submarines to be decommissioned or under scrapping;
• releases of radionuclides from sunken nuclear ships, reactors or containers;
• accidents at RW and SNF storage facilities;
• discharge of radioactive matters from underground test explosions;
• accidents during transportation of fuel and waste;
• accidents associated with storage of nuclear weapons.

The content of the preceding chapters - i.e. the sources, transfers, releases (actual as well as
potential) and associated levels of radioactive contamination - in addition to the various relevant
case studies referred to in NASA (1996b) make up the basis for the present estimation of
possible source-related consequences of radioactive contamination. We try here to assimilate
this information, focused on the situation on the Kola Peninsula, to indicate as distinct as
possible the risks involved for certain cases of major concern - or alternatively to try to weight
the need for more data for those cases, for which the present basis appears to be insufficient.
For some of these risk situations the available information evidently is rather fragmentary, for
other however, it appears sufficient at least as indications of the order of importance.

First we deal with airborne releases. This category comprises accidental release from the
nuclear power plants on Kola - a case of major concern for which the present knowledge is
relatively comprehensive. This is followed by an evaluation of waterborne releases from
radioactive objects and dumped radioactive waste in the Barents and Kara Seas. Subsequently
other cases are identified for which a potential risk ranking is attempted - when possible. That is
done by reference to and comparison with those of the former categories. The results of this
analysis establish a basis for considerations of what appears to be of relatively high or low
priority with regard to further research for the purpose of evaluations of radiological risk. It thus
links directly to the issues addressed in Chapter 6.

5.1. CASE STUDY OF THE KOLA NPP

Analysis of published scenarios of hypothetical accidents at the Kola NPP (IIASA, 1996) allows for the
conclusion, that a hypothetical accident at the Kola NPP might give maximal release of radioactivity into
the environment in comparison with other sources of radiation risk on the Kola Peninsula. However, the
amount of released radioactivity considered in various studies differs by several orders of magnitude: from
0.035 PBq for moderate 'project' accidents to 22 410 PBq for the maximal hypothetical (but the least
probable) accident. Table 6.8 in IIASA (1996b) gives aggregated data about the total activity of a release
for different accidental scenarios at the Kola NPP in comparison with the Chernobyl release. An
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approved scenario of a severe loss of coolant accident (LOCA, Level 6 on the INES) with the VVER-
440/230 reactor according to Dubkov et al. (1995) gives a release up to 632 PBq (including 10 PBq of
134'137Cs).

Let us make an approximate radiological estimation of two different variants of assessment under a
hypothetical accident at the Kola NPP for local and regional scales. The first variant includes a case study
and elements of probabilistic environmental risk assessment for the local scale, whereas the second one
deals with the assessment of consequences of a specific meteorological situation in Northern Europe.

Local scale modelling. This case involves an estimation of the possible consequences of a
hypothetical accident on the Kola NPP (Dubkov et al., 1995) within the nearest zone (-100-200 km) and

under certain meteorological
conditions and releases for the
Command and Headquarters exercise
"Polyarnye Zori-95" (Pol.Zori, 1995).
In this case the release accounts for
256 PBq during 10 minutes (see table
6.8 in I1ASA, 1996). The release
height is 210 m. The meteorological
conditions are as follows: the wind
(2m/s) has changed from a northern
to a south-eastern direction during the
first 13 hours; 9 hours after the
accident it rains intensively (5
mm/hour) during 3 hours in the
Kovdor area; the class of atmosphere
stability is D.

The results of the calculation of dose
rate for this case are illustrated in
Figure 5.1. The results show that there
are two basic maximums of the dose:
in the Polyarnye Zori area and also in
the Kovdor area because of the

intensive rain over this area. The level of fallout of radionuclides (for example, 131I) reaches 150 MBq/m2

in the area of the accident and accounts for 4-75 MBq/m2 at a distance of 15-35 km from the NPP.

Regional scale modelling. This case highlights the possible consequences of an accident at the Kola
NPP on the regional scale for a real weather situation on October 19-24, 1995. For the analysis of the
consequences let us use calculations of fallout of radionuclides (Cs) based on the MATHEW/ADPIC
model (Thaning and Ndslund, 1991, Thaning, 1994, Thaning & Baklanov, 1997). The release, which starts
951019 01 GMT, amounts to about 60 PBq of radioactive caesium during 5 hours. Approximately 67% of
what is released during the last hour. The height of the primary radioactive plume is 150-250 m. For the
calculation real meteorological data from the European Centre for Medium Range Weather Forecasts is
used. Figure 5.2 presents a map of the resulting ground contamination 5 days after the release.

The radioactive cloud is transported out to the Atlantic ocean and then moves around (anti-clockwise) the
low pressure system. During this phase a precipitation takes place and the large ground contamination in
this area occurs mainly due to wet deposition. Later, when the cloud is moving towards south-east, the
precipitation has ceased, and consequently the deposition is much smaller until the cloud reaches the
Baltic region where again precipitation takes place. The resulting contamination pattern emphasises the
importance of wet deposition. These calculations have shown that the model can produce small areas with
contamination levels over 1 MBq/m2 at distances longer than 500 km.

The area with a Cs fallout level over 30 kBq/m2 is about 250,000 km2. Under certain wind directions, this
level of fallout might cover the main part of the territory of the Barents region having a population of 1.4

10 km

Figure 5.1. The results of the calculation of dose rate on the
local scale after a hypothetical accident on the Kola NPP
(mSv/h).
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millions. After the Chernobyl
accident such a level of
contamination was recorded
over a large territory of
Europe, in particular over the
central and northern Sweden.
The maximal level of fallout in
the central part of the Kola
Peninsula (-350 km2) reaches
300-1400 kBq/m2.

The total dose to humans is
calculated by summing up the
contributions of inhalation,
external exposure and
ingestion. According to the
relative contribution of the
pathways for accidents at the
reactors VVER 440/230 (Slaper

et al. 1994) the ingestion and external exposure from deposited nuclides are the major dose contributing
pathways. The two major dose contributing nuclides are 131I and 137Cs , which together contribute 60-80%
of the total dose. In addition 134Cs contributes approximately 12-25%; each of the other nuclides
contributes less than 5% and all other nuclides together contribute less than 25%.

Based on these results, the possible total dose to humans has been calculated (HASA, 1996b). In the zone
with levels exceeding 30 kBq/m2 a preliminary estimation of the situation considered indicates a total
dose of 2.1 mSv for adult man (in the general group) (Fig. 5.2). By integrating the total radioactive
contamination and calculating the doses for the populations for every county of the Barents region, we
obtain the following population doses (collective dose to the population) and collective cancer mortality
risk :

Table 5.1. Consequences for the Barents region population for the considered case.

1SOO 2000 2SOO
KOLA Power Plont 951019 0100

km

Figure 5.2. Ground-contamination of radioactive Cs after 5 days from
a hypothetical release from the Kola NPP.

Region

Murmansk county
Karelia
Northern Norway*
Norrbotten
Lapland

Collective dose, manSv

168
11
553
23
20

Collective risk (total
cancers)

8.4 (+local)
0.5
27.7
1.2
1.0

Mean individual dose,
mSv

0.15
0.014
1.19
0.09
0.1

* Troms, Norrland and Finnmark

The collective cancer mortality risk is estimated as the amount of cancer deaths in the region, assuming a
risk parameter r = 0.05 [cases per sievert].
For districts in the southern parts of the Barents region such estimations can only roughly indicate the
level of human risk, because they do not take into account some important characteristics of certain
significant food-chains in these Boreal and Arctic vegetation zones, e.g. particularly efficent retainment of
the radioactive deposition in lichens, and specific consumption patterns. Approximate estimations for
districts of reindeer-breeding show that (mainly due to high consumption of reindeer meat) the total dose
in such groups of the population probably needs to be increased by about a factor of 10.

5.2. AIRBORNE RELEASES FROM SUBMARINES OR SPENT NUCLEAR FUEL

The danger of uncontrolled chain reactions constitutes a potentially severe risk associated with both
nuclear submarines and spent nuclear fuel. Such accidental cases would be likely to give rise to
considerable contamination over large areas - in range (although possibly not in intensity) similar to the
deposition pattern known from the impact on Fenno-Scandia from the Chernobyl event or in case studies
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of other accidental releases from NPPs. This risk is thus relevant for operational and decommissioned
submarines with unloaded fuel, and furthermore to storage facilities, ships and railway containers
harbouring spent fuel. For some of these cases it still remains to be established if - or under what
circumstances- the necessary physical conditions would be achieved for each of the links in the event-
chain leading to criticality. For some, however, real events give evidence of the prevalent risk.

Submarines in operation or awaiting decommissioning
Reactors from submarines which have been or will be taken out of service constitute an important
potential source of future radioactive contamination. It is expected that the number of submarines ready
for decommissioning will reach 100 by the year 2000. In all about 200 submarines containing around 400
nuclear reactors belong to the Northern Navy of the Russian Navy.

Several known accidents leading to criticality in reactors on submarines in operation as well as during
refuelling (HASA, 1996b) give evidence of the prevalent risk for similar future scenarios among the high
number of submarines present along the coast of Kola.

Although ship reactor accidents may lead to serious environmental consequences, it is apparently
maintained that any potential naval rector accident will not be nearly as severe as the Chernobyl accident
(NACC 1995). Some case studies - in principle similar to those performed for accidental releases from
NPPs - have been used to describe and validate these assessments. However, the assumed release of 1 PBq
137Cs corresponds to about one third of the total amount of 137Cs present in the Komsomolets reactor.
According to NACC (1995) it is not obvious that such quantities would actually be released in an
accident, even if they are available in the core, and the relative uncertainty of the release is estimated to be
a factor of ten. As indicated by another study of the potential release from submarine nuclear reactors
(Gussgard 1995), 5 PBq of 137Cs seemingly constitutes the maximum content in a first and second
generation Russian ship reactor core, whereas 10 PBq of 137Cs may be accumulated during operation of a
typical modern ship reactor - i.e. with a power level slightly less than 200 MW.

For the study of sensitivity of possible effects to the release characteristics some simulations have been
done for a submarine accident with unit source of airborne release at the Ara Bay by using the
MATHEW/ADPIC model (Bergman et al., 1997). One of the case studies for Cs deposition pattern is
presented in Figure 5.3. A relatively high deposition may possibly affect areas far down in Fenno-Scandia

according to these case studies
- thus indicating a long range
for considerable contamination
- although the radiological
effects due to external
exposure seem to be more
regionally confined. However,
the experiences from the
Chernobyl accident have led to
a better understanding, among
other of the efficient uptake
and the persistence of
radioactive Cs in food-chains
at the boreal latitudes. This
implies - beside the direct
radiological aspect - that the
deposition also involves risk
for long-term adverse
economical effects, e.g.
generally for agricultural
production and notably for
reindeer herding (Bergman

1995). Thus further analyses to elucidate the potential impact are motivated, in particular a closer study of

Submarine

Total release: 1 Bq
Start 961228 00 GMT
Duration: 1 h
Height: 100 m
Dry + wet deposition

Bq/m2

> io~14

Ground contamination after 5 days

> 10

> 10

> 10

-13

•12

-11

1000 1500 2000 2500
Slort time 961228 GOOD - Stop time 96122B 0600 HEIGHT 100 m

[km]

Figure 5.3. Release assumed to occur from a submarine at the Ara bay
site (Bergman et al, 1997).
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the probable source strength in various release scenarios.

Storage of spent nuclear fuel
At the main storage facility of the Northern Navy (at the Andreeva Bay in the Litsa Bay) about 21,000
spent fuel assemblies - corresponding to the total number of fuel elements present in about 90 reactor
cores - are at present stored in an unsatisfactory manner. Furthermore, the number of assemblies implies
that the existing storage capacity has become completely exhausted. According to the White Book
(Yablokov 1993) the amount stored at the Litsa Bay makes up about half of all spent fuel present in
storages along the coast of Kola. The fuel assemblies at the Litsa Bay are stored in three large concrete
tanks and at an unshielded open air facility. These storage tanks were intended to serve only as temporary
storage until a large new facility would be built at the Andreeva Bay, however, this new facility still
remains at the planning stage.

The enrichment of fuel in the pressurised water reactors varies from 21 % of 235U in the first and second
generation nuclear submarines to 43-45 % in the third generation (Nilsen et al., 1995). The enrichment of
fuel assemblies in liquid metal cooled reactors can be as high as 90 %. Only fuel from pressurised water
reactors are stored at the Andreeva Bay. Hence the enrichment of most fuel in the dry storage facilities
does not exceed 45 % of 235U. Spent nuclear fuel from liquid metal cooled reactors is stored at the
Gremikha. Relatively rough estimates of the quantity of 235U remaining in the fuel elements have been
attempted (Nilsen et al., 1995, NACC 1995). According to these estimates the third generation nuclear
submarines contain about 115 kg of 235U, whereas the second and first generations appear to contain 70
and 50 kg of 235U respectively. Although the estimates are rather uncertain, they indicate that the range of
the content in the stored fuel probably is about 1 0 - 2 0 tonnes of 235U. The radiological significance of
such an amount would be far less than the quantities of certain sufficiently long-lived fission products
(principally 90Sr and 137Cs) and actinides also present in the spent fuel.

Most submarines are refuelled twice before they are taken out of operation. Almost all submarines have
two reactors, each containing about 250 fuel assemblies. Thus a typical submarine generates about 1500
spent fuel assemblies during its operative lifetime. Maintaining the submarine fleet at its present size
implies the production of about 5000 spent fuel assemblies per year (NACC 1995).

Evidently, there is an insufficient storage capacity for the anticipated further accumulation of spent fuel.
With regard to the demand for future storage of the fuel from a growing number of submarines taken out
of operation, in addition to the amount continuously generated by the civil and naval vessels still in
service, the current situation is definitely disquieting.

Accidents have already occurred at storage facilities. The concrete tanks at the Andreeva Bay in the Litsa
Bay, used for storage and concomitant cooling of fuel, were built in the early '70s. Leakage of
contaminated cooling water was revealed in 1982. This gave rise to a protracted liquid radioactive release
- an estimated total of 37 TBq - in a stream discharging into the Litsa Bay. In 1989 efforts were made to
put a stop to the leakage. Apparently the facility is still leaking (NACC, 1995). In 1986 some of the
containers mounted to store spent fuel assemblies were so corroded that some assemblies fell down and
broke (Nilsen et al., 1994).

The fact that the fuel elements still may be relatively highly enriched in 235U and contain in the order of 5
PBq of 137Cs per reactor core (Gussgard, 1995), and also that they often are gathered in concentrated
storage of 10 -100 core equivalents of spent fuel at the single sites - in some cases in the immediate
vicinity of large cities, e.g. Murmansk - makes a sufficient detailed risk analysis an urgent task.

On the basis of present knowledge, very severe accidents with spent nuclear fuel cannot be excluded. As .
indicated by some case studies, a fire in a nuclear spent fuel storage on land or onboard a ship, and/or an
accidental chain reaction (a criticality accident) should be considered. This is accentuated by the fact that
similar accidents have already occurred during handling of spent nuclear fuel. A high priority task must
therefore be to settle, if radioactive release from the spent nuclear fuel storage may involve several
assemblies or several core equivalents of fuel - and in that case under what conditions release may occur.
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5.3. CASE STUDIES OF RELEASE IN THE MARINE ENVIRONMENT

Two main approaches have been attempted when assessing the environmental impact and radiological
consequences of hypothetical cases of release from solid waste dumped into the seas and bays, or
accidental liquid release in any of the bays along the Kola Peninsula. The first is to estimate relationships
between actual concentrations in the water and sediment of the marine environment with the cumulative
transfer from different sources to the Barents and Kara Seas, or with the calculated present inventory
there due to these sources. Another is to apply the appropriate case studies based on ocean models for

hydrological dispersion of the
waterborne releases. These
assessments utilise - as regards
potential exposure to man - the
present knowledge of levels and
estimated inventories of
important nuclides (i.e.90Sr,
I37Cs, and isotopes of Pu) in the
arctic seas close to Kola; the
transfer from sources known or
presumed to cause this
contamination; and hydrological
model analyses performed for
radioactive releases into open
seas or bays.

A comparison between the total
remaining activity at dumping
sites and the semi-qualitative
assessment of the cumulative
transfer from some major
sources to the Kara Sea is
illustrated in Figure 5.4. The
estimated inventory of the most
important nuclides in 1993

(Mount and Shaeffer 1994) indicates that almost all the activity remaining till now is due to 90Sr and
l37Cs and nearly equally shared between these two nuclides. Furthermore, there is a good agreement
between the independent estimates of the remaining activity by IAEA/IASAP (Sjoblom and Lindsley
1995) and the Lawrence Livermore (Mount and Shaeffer 1994).

With regard to the notably low concentrations of 137Cs and 90Sr in the open sea (the exceptions are close
to certain objects at some dumping sites, cf. 2.1) the present levels in the sea water indicate that release of
all the dumped activity - at least if it occurs during several years - should not be expected to raise the
average concentrations to levels implying considerable exposure in the short- or long term from use of
marine food-chains.

The conclusions from model calculations (Harms 1995, Sazykina 1995, Osvath et al 1995) conform to
this judgement:

Preliminary calculations based on worst case scenarios show that on the regional scale an instantaneous
release of the estimated 1 PBq present inventory of 137Cs from all nuclear reactors dumped in the Kara
Sea would result in a maximum individual dose below 5 (xSv/y delivered to a fish-eater. For a gradual
release of 1 TBq/y from each of the Abrosimov, Stepovogo and Tsivolki Bays and the Novaya Zemlya
Trough, stationary state concentrations are below 0.5 Bq/m3 at the Taymyr coast. This corresponds to
maximum individual doses below 0.2 uSv/y from fish ingestion. On a global scale the radiological impact
is negligible, with a collective effective dose commitment from seafood ingestion of about 10 man Sv.

Although the radiological impact of dumping may be significant on a local scale, the modelling results

Figure 5.4. Estimated total activity in the inventory of dumped
radioactive objects and wastes east of Novaya Zemlya according to
the "White book" (Yablokov et al. 1993), the IAEA study IASAP
(Sjb'blom and Lindsley 1995), and the Lawrence Livermore study
LLNL (Mount and Sheaffer 1994) in comparison to the total input to
the Kara Sea of respectively 90Sr and niCs mainly by global NW:s
fallout, transfer from Sellafield and discharges from the Siberian
rivers (cf. chapter 2).

50



and the site specific observations (cf. 2.1) indicate that dispersion of potentially released radionuclides on
regional and global scales would be of minor radiological importance.

These preliminary results thus indicate that it is of primary interest to further investigate radiological
effects on the local scale for fjords and coastal areas.

5.4. LIQUID AND SOLID WASTES STORED ON LAND

Almost all stored radioactive waste of importance to the Barents, White and Kara Seas originates from the
Northern Navy and from the icebreaker fleet of the Murmansk Shipping Company (Yablokov 1993,
Nilsen et al., 1994) at the Atomflot base. Although spent nuclear fuel may be considered as a part of the
radioactive waste, it was dealt with separately in HASA (1996b), due to the specific problems involved in
its storage.

Problems with storage capacity
Liquid radioactive waste is generated during the operation of the nuclear reactors (and mainly due to
contamination of the water in the primary cooling circuit), cleansing of reactors during refuelling, and
storage and handling of spent nuclear fuel. Also solid radioactive waste originates from the refuelling
actions, as well as from repair in the reactor section, replacement of cooling water filters and of various
reactor equipment. In addition, a wide variety of solid radioactive waste is produced during processing
and storage of spent nuclear fuel. Filters from the destruction plant for liquid radioactive waste and from
the incineration plant for solid radioactive waste also belong to this category.

The Russian Northern Navy annually generates about 10,000 m3 of liquid radioactive waste and 5,000
tons of solid radioactive waste at the bases on the Kola Peninsula and at Severodvinsk (Nilsen et al.,
1994). Most of this radioactive waste was previously dumped in the Barents and Kara Seas. Since 1992,
however, storage occurs on land.

Likewise, until 1986 all low- and medium-level radioactive liquid and solid waste from the nuclear
icebreakers was also dumped in the Barents and Kara Seas. Since then the waste has been processed and
stored at the Atomflot - a large part of it is currently stored onboard various service ships (cf. 2.1). Six of
the nuclear-propulsed civil ships are delivered after 1986. As fuel replacementtypically occurs after three
to four years, spent fuel and associated waste have been accumulated very substantially only since the
early 1990s (Nilsen et al., 1994).

The problems involved in maintaining adequate and sufficient storage capacity have thus escalated
recently. At present most storage facilities are filled to the limit, and plans to increase the storage capacity
have been delayed - primarily for economical reasons. This fast development of the storage dilemma must
urgently be dealt with to avoid resumed dumping or relenting control.

Relenting control and unattended waste disposal
There are several occasions of uncontrolled or unattended waste disposal. At the Zvezdochka shipyard at
Severodvinsk unknown amounts of liquid radioactive waste were dumped in the sewerage in 1990.
Analysis of the sewage at the sewage disposal plant in Severodvinsk showed elevated levels of caesium,
europium and cobalt. The inhabitants of Severodvinsk have used sewage from the disposal plant as
fertiliser in private gardens and fields. Measurements in the gardens have indicated values around
400|aR/h. The use of sediments from the disposal plant as fertiliser is no longer allowed (Nilsen et al.,
1994). Accidents have occurred during storage of low- and medium radioactive waste onboard lighters at
one of the Northern Navy bases on Kola. Reportedly three lighters containing such waste have sunk close
to the quay during 1975 -1983. At least one of these lighters containing 6 tons of radioactive waste is
expected to remain there unattended (Nilsen et al., 1994).

There appears to be no reported analyses yet of the radiological risks involved specifically with the
radioactive waste stored in the vicinity of urban areas on boats or close to the sea. Evidently the amount of
waste (cf. 3.7) accumulating on the various military and civil storage sites is large and fast growing.
Several event chains - e.g. fire in the storage, and sinking if stored on a boat - may potentially cause
radioactive releases of local significance from the waste storage. However, effects farther from the source
of release are unlikely to be of as great concern as are the local effects.

51



With respect to accidental release of liquid waste from storage sites close to a bay or from radioactive
waste on sunken vessels, case studies for some bays on the eastern Novaya Zemlya (cf. IIASA, 1996b)
indicate relatively minor radiological consequences outside the local or regional recipient. However, in
the recipient - be it a bay - the radioactive contamination may be initially high. Although sedimentation
is of importance for some of the radionuclides of main radiological concern, the residence time in water -
before the radionuclides become dispersed into greater water volumes - is largely determined by the water
exchange with the adjacent sea, and fresh-water input from rivers. The waste sites close to the city of
Murmansk are of particular interest in this respect with regard to the amount of solid and liquid waste
stored there and the proximity to the population.

5.5. NUCLEAR EXPLOSIONS

Underground explosions
For all 42 underground nuclear tests on the Novaya Zemlya (1964-1990), 28 (67%) involved seepage of
explosion by-products into the atmosphere, including 26 of 36 tests (72%) at the Matochkin Shar
{Matchko, 1994). Small quantities of radioactive inert gases (85-87'88Kr and 133-135.138Xe) could appear in
the atmosphere following the detonation (from a fraction of an hour up to a few days later). However, one
can not completely exclude the possibility of accidental releases where the discharge of gaseous products
is more substantial.

In an official Russian publication (Matushchenko et ah, 1993) it is stated that out of the 42 underground
tests conducted at the Novaya Zemlya, 15 were completely contained, 25 were accompanied by releases of
radioactive inert gases and 2 (on 14 October 1969 and on 2 August 1987) led to 'abnormal radiation
situations' (NACC, 1995). On tree occasions, in 1975, 1987 and 1990, fission products from the
underground explosions were identified in fallout in Scandinavia (De Geer, 1991).

The largest release into the atmosphere occurred after the test on 2 August 1987. The bomb has been
estimated to 58-82 kT giving a total production of 500 PBq of 131I and a release into the atmosphere of
200 TBq (0.04%) of 131I {Rider, 1990, Ugletveit, 1991, De Geer, 1991). The collective dose from this
release was 0.1 manSv for the population of Sweden {De Geer et al, 1991) and about the same for
Norway {Ugletveit, 1991). For comparison, the collective dose from the Chernobyl was 6000-10000
manSv for the population of Sweden.

This event shows that leakage of radioactivity from nuclear bomb tests at Novaya Zemlya might occur
through deliberate or accidental venting of the formations. In this case only small fractions of the most
volatile radioactive substances escaped.

Under more unfortunate circumstances, the releases could be substantially higher and one can not exclude
the possibility of situations occurring where countermeasures, especially with respect to iodine in milk,
should be considered. Hence, an appropriate surveillance program should be established to ensure proper
warning and monitoring in case of enhanced levels of airborne radioactivity. Emergency procedures
should also be established in order to cope with such situations.

Consequences of the performed underground nuclear explosions might also appear in the future. An
example of negative impact of civil underground nuclear explosions is cited by Bulatov (1993). In 1969
two nuclear explosions were made in the Osinsk oil deposit in the Perm county, aimed to intensify
treatment of oil layers. Increase in the oil extraction had been accomplished, but radioactive water began
to spring from exhausted chinks several years later. At the working grounds 137Cs, 90Sr, and elevated y-
background were recorded. Small rivers nearby the deposit contained radionuclides in the bottom
sediments. Contaminated soil was buried, and it was planned to build a special disposal for the
equipment.

The study and interpretation of the satellite images over the test sites on the Novaya Zemlya have revealed
several interesting and surprising features {Scorve, 1995). The four craters close to the Matochkin Shar
and in the Shumilikha valley are probably the result of insufficiently deep underground nuclear
explosions.

However, the permafrost layer may be affected in at least two ways. The shock from the explosion can
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cause cracks in the permafrost floor section closest to the detonation centre. The heat front from the
explosion expand slowly through the rock and after some time it reaches the floor of the permafrost. As
the heat gradually moves into it, the permafrost thaws and any water there will drain downwards and go
through the chimney to the explosion cavity.

Russian scientists have confirmed that no water leakage in the permafrost has been found, as the testing
wells are dry. This is very interesting information, and it should be well documented both with respect the
judgement concerning the suitability of the western Matochkin Shar area as a nuclear testing ground, and
secondly, due its relevance for possible future use of the permafrost environment as storage medium for
nuclear waste.

The underground testing is maintained to carry little risk of post-explosion contaminant release, as the
explosion vitrifies and seals the surrounding rock mass. However, some experts doubt the validity of this
claim, and an elucidation of the hydro-geological aspects of such nuclear testing has been one of the aims
of the study by Scorve (7995).

Atmospheric explosions
86 atmospheric explosions at the Novaya Zemlya (1955-1962) with the total energy of 320 Mt (100 Mt
fission yield) have led to release into the atmosphere of 555 PBq 137Cs and 370 PBq 90Sr, that accounts for
not less than 45 % of the release from all the atmospheric explosions. The most important radionuclides
in the releases of the atmospheric explosions were 14C, 137Cs, 95Zr, 90Sr, 106Ru, 3H, i44Ce, 131I, 239Pu.

The meteorological conditions at the Novaya Zemlya are such that winds from west dominate, and a
release of radioactivity would most likely travel to east or north-east. Stable conditions with weak winds
are infrequent. As a result, releases to the lower atmosphere would usually be strongly mixed and
dispersed before reaching populated areas, keeping individual radiation doses low.

However, the large yield tests at the Novaya Zemlya caused a large input of radioactivity to the
stratosphere and thus contributed to the global fallout. The blasts at the Novaya Zemlya were responsible
for almost all of the nuclear debris injected into the northern polar stratosphere during 1958 and 1961 -
1962, equalling about 95 Mt fission yield. This means that roughly 50 - 60 % of the of the global fallout
from all nuclear explosions came from the Novaya Zemlya tests (Rissanen & Blomqvist, 1992).

The nuclear weapons tests fallout came preferentially as wet deposition during a number of years and with
a yearly maximum in the spring. The fallout was rather evenly
distributed over the Northern Hemisphere.

The observed data, furthermore, indicate that the radioactivity
near the Novaya Zemlya doesn't differ much from that in the
other Arctic areas {Drichko, 1994). In 1964-1969,
accumulated activity of the 137Cs was 1.5-2.6 GBq/km2 on the
Novaya Zemlya, 2.2-2.6 GBq/km2 in Sweden and 2.2
GBq/km2 in Finland {IAEA, 1993).

Therefore, levels of radioactive deposition from the
atmospheric nuclear explosions on the Kola Peninsula are
similar to the global fallout at these latitudes and account for
the average dose of about 0.9-1.1 mSv and 1000-1200 manSv
for the population of the Murmansk county. Nuclear test-
ranges of the Northern Hemisphere, other than those at the
Novaya Zemlya, also needs to be considered with regard to the
resulting radioactive deposition. The contribution from
explosion at the Novaya Zemlya to the cumulative fallout, is
expected to be proportional to its contribution into the global
release and fallout and accounts for 45-55%, i.e. 450-660
manSv for the population of the Murmansk county. Yet, direct
transport of the plume of radionuclides from the surface or
separate atmospheric explosions towards the Kola Peninsula or

Fig. 5.5. Simulated radiation levels
after an atmospheric nuclear test on
the Novaya Zemlya, after ten hours,
R/h. (After Tkachev et al, 1996)
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other adjacent areas may possibly have occurred also. Figure 5.5 presents an example of the simulated
radiation levels after an atmospheric nuclear test on the Novaya Zemlya. That might be the reason for the
extremely high level of activity of 137Cs (up to 2570-5660 Bq/kg) in lichens, sampled in the Khibiny
mountains in 1968 {Podobedov, 1992). This issue is, however, not yet properly investigated.

As 34 years have passed since the prohibition of atmospheric explosions, assessments of possible
consequences bear a retrospective character. However, such assessments might be applied as well for
possible consequences after hypothetical accidents and various situations at bases of nuclear weapons or
vessels with nuclear war-heads. One such examples is cited by Thaning (1994). The calculations show
that under a hypothetical 10 kT surface burst (2*10-* PBq total activity 1 min after the explosion) on the
Kola Peninsula for a real meteorological situation (11.07.1993) the doze a human, without any protection,
would receive during the first week from the ground contamination (y-radiation) might exceed 4 mSv over
the Murmansk county and be about 0.4 mSv over northern Finland and Sweden.
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6. Ranking of risks and priorities for further research
The various studies considered in the preceding chapters span over a multitude of topics dealing
with present sources and levels in the Kola-Barents region, and their actual or potential
radiological consequences. From this heterogeneous - sometimes redundant, in other cases
insufficient - coverage of the main issues, we concentrate on three aspects to elucidate the
current state of knowledge and to identify certain factors needing further investigation:

• the principal research needs emerging from this analysis,
• a basis for action priorities, as far as allowed by the present knowledge,
• priorities of such topics in current or planned projects.

6.1. RANKING OF RISK AND CONSEQUENCES

In order to single out high priority research issues, the main findings from the preceding overview and
analysis have first been condensed and arranged in a simple structure allowing only for a preliminary
crude ranking of risks, but identifying those factors that will be subject to closer attention.

Cases definitely known to - or that with high probability - belong to the "high risk" category, may
comprise links needed to be more closely analysed in order to yield a satisfactory basis for the assessment
process. I.e. priority for research may in such cases be largely based on the demand for better precision or
accuracy. Other cases might potentially pertain to the high risk category provided closer examinations
would indicate that the necessary physical conditions may be attained for the accident to occur at all , or
to become sufficiently severe. These two risk categories establish the basic framework for the subsequent
discussion.

Ranking of consequences - in terms of the radiological significance of a release - is illustrated in table 6.1
based on two categories of risks: I) those for which release is known to have occurred or for which a
significant probability for release has been confidently estimated, and II) those expected to constitute a
risk for considerable release provided the outcome of further analysis of certain steps in the event chain
(e.g. for release subsequent to overheating, fire, or critical conditions for spent nuclear fuel under
storage).

Table 6.1 R a n k i n g o f c o n s e q u e n c e s
S o u r c e s of r e l e a s e

NUCLEAR POWER PLANT

SUBMARINE in operation

SUBMARINE at refuelling
SUBMARINE to be decommissioned
SUBMARINE under scrapping
THE SUNKEN SUBMARINE KOMSOMOLETS

STORAGE of radioactive waste on land or on vessels
STORAGE of spent nuclear fuel on land or on vessels
TRANSPORT of spent fuel and waste
DUMPSITES IN THE SEA for solid radioactive waste, objects,

and spent fuel
DUMPSITES IN THE SEA for liquid waste
ACCIDENTAL NUCLEAR WEAPON EXPLOSION

LEAKAGE FROM UNDERGROUND NUCLEAR TEST SITES

RELEASE FROM UNDERWATER NUCLEAR TEST SITES

C a t e g o r i e s of r i s k s
known or

probable risk
H
L
H

L

L

L

L
H

potential risk

H
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For the consequences associated with a particular release situation the ranking recognises three qualities:
H, L and U indicating expected consequences if substantial release occurs -in terms of dose to certain
groups or total populations from external exposure and consumption of food-products derived from the
contaminated region.

H: relatively high radiological consequence;
L: relatively low radiological consequence;
U: undetermined, consequence ranking has not been done.

* Dose due to external exposure of working personnel, e.g. at decommissioning or submarine operation,
is not included.

Further dimensions than considered in the crude ranking in table 6.1 are generally needed for a
satisfactory analysis of priorities. For instance, the level H comprises some cases leading to relatively high
radiological effects mostly in the source region, as well as other cases associated with significant
consequences also at long distances from the point of release. Furthermore, the risk may focus on
relatively short-lasting but intense radioactive release (e.g. a criticality accident in a reactor), or at
protracted release to the environment over several years (e.g. stored or dumped radioactive waste). Cases
of rank H in the category known or probable risk, and the likely H:s of the category potential risk are,
therefore, elucidated in somewhat more detail below.

The main risk objects in the category "Known or probable risk"
Among the different objects and situations considered in the category Known or probable risk in table 6.1,
the nuclear power plant and submarines at refuelling are classified as high risk factors. The sunken
submarine Komsomolets, as well as the radioactive matter dumped in the Barents and Kara Seas in liquid
and solid form, on the other hand, appear to be associated with relatively low radiological consequences,
even if release of all the presently remaining radioactivity should occur during a very short time. Despite
the considerable uncertainties still prevalent in predictions of probable radiological effects for these cases,
the contention is that — with respect to the large areas that might suffer from relatively high deposition of
radioactive matter in case of a severe accident, and the likelihood for such an event - the Kola NPP at
Polyarny Zori constitutes the major risk object in this category.

The Kola nuclear power plant
Eight instances causing operational disturbances were recorded at the Kola NPP during the period 1987 -
1991, thus implying that each reactor at the Kola NPP has an average of 1-2 emergency stops per year
(Nilsen et al. 1995). During 1992, a total of 39 incidences occurred at the Kola NPP. The most serious
accident so far happened on 2 February 1993, when the oldest reactor was but a short time from causing a
process leading to meltdown. Due to the at this time prevailing harsh weather conditions the external
electricity supply suddenly ceased. The two diesel aggregates necessary for cooling the oldest reactor
would not start, due to poor maintenance. The cooling system of the reactor was without electricity for
two and a half hours, while the reactor was cooled only by natural heat-driven circulation of the water. No
reports have been made of any damages of the fuel. A further accident, on 27 May 1993, involving the
oldest VVER-440/213 reactor, occurred when a valve in the reactor cooling circuit broke down. The
pressure in the primary circuit decreased, and the reactor had to be run down. The reactor was not
restarted until 30 July 1993. The accident was classified as an event of the level 2 on the IAEA scale
(INES, 1992).

IAEA investigated the safety at the four reactors of the Kola NPP. According to the calculations by IAEA
the probability of a serious reactor meltdown in the two oldest reactors at the Kola NPP is 25% over a
period of 23 years. These two reactors have been in operation 23 and 25 years, respectively and are
planned to stay in operation until some years in the next century.

The attention thus focused on the situation at the Kola NPP has increased the knowledge e.g. about
probabilities for different types of accidents (cf. HASA, 1996b). However, it is still necessary to make the
probabilistic safety assessment (PSA), at least the Level 1 and Level 2, for the reactors of the Kola NPP.
Yet, the potentially severe consequences of the releases call for further analysis to increase the accuracy in
the assessments, which are essential as input for radiation protection authorities in the evaluation of
necessary preparedness actions. For this end it needs to provide a better understanding of the relevant
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source strength for the most important release situations, and to perform consequence analyses of the
impact - radiological as well as economical - based preferably on the use of real weather conditions in
modelling of the atmospheric dispersion and deposition.

Submarines durinR refuelling
The most frequently occurring accidents with the Soviet submarines have involved the nuclear reactor (cf.
3.10 and 5.3). In many cases the available information is too limited for determination of the actual cause
of the accident. The serious accidents for which sufficient information is available belong to either of the
two classes, loss-of-regulation -, and loss-of coolant accidents (NACC 1995).

The loss-of-regulation accident may lead to a meltdown. In the case of a PWR, the hot, molten fuel
material will come into contact with water after penetrating the cladding and immediately transform the
water into steam. The pressure may then rise very rapidly, and in turn this may result in a "steam
explosion". If the accident occurs during refuelling, implying that the reactor tank is open, a reactor
excursion may follow whereby water and fuel-element debris will be ejected from the tank. The
consequences of a loss-of-regulation accident depend very much on the design of the reactor and how the
event is initiated. The accident in the Chasma Bay 1985 (Sivintsev et al., 1994b) pertains to this type of
refuelling accident.

A loss-of-coolant accident may be caused by the development of a leak in the primary circuit, or a shut
down of the main cooling system in combination with an insufficient emergency cooling function (NACC
1995). There have been several - at least six - accidents of this types involving Soviet nuclear
submarines, but they have never, as far as is known, progressed beyond partial melting of the fuel.

As naval bases, where refuelling occurs in the Kola region, often are situated rather close to inhabited
areas with populations from 30,000 to 500,000, the site specific sensitivity is essential to consider in the
evaluation of consequences of accidental radioactive release.

A high priority issue for further research arises from the need for increased accuracy in the estimated
source strength at refuelling for the different generations and types of submarines currently in use.
Furthermore, sensitivity analyses of site specificity are requested - primarily concerning closeness to
urban areas - and dependence on assumed release height for the pattern of environmental contamination
at a set of frequent weather conditions.

The main risk objects in the category "Potential risk"
The specific case of the sunken submarine Komsomolets is not considered to involve relatively high risk
of environmental contamination now or in the future (cf. table 6.1 and 1IASA, 1996b). Nevertheless, the
known and frequent incidence of other accidents leading to criticality in reactors on submarines in
operation, as well as during refuelling, (according to 11 AS A, 1996b) give evidence of the prevalent risk for
future scenarios, possibly in a more serious context with high risk of exposure of nearby populations,
particularly to airborne releases. This accentuates a general concern for the high number of submarines
present along the coast of Kola.

Independent estimates concerning the situation in mid 1994 indicate about 80 decommissioned
submarines from the Northern and Pacific Fleets in various stages of dismantlement (Nilsen et al. 1994,
NACC 1995), or between 120 and 150 (Bukharin and Handler 1995). Only a total of 10 submarines
(NACC 1994) from the Northern and Pacific Fleets have proceeded from having their fuel removed to
having their reactor compartments prepared for long-term storage. However, Bukharin and Handler
(1995) estimate that 17 Northern Navy decommissioned submarines had been defuelled by the end of
1993. Most of the submarines are as much as 30 years old, and some have had their fuel for over 15 years.

Despite this discrepancy as regards the absolute number of the current submarines awaiting to be
scrapped, it is thus evident that several Russian submarines have been taken out of service as a result of
their age, or as a consequence of international disarmament treaties. Moreover, the present rate of
dismantlement of the Northern Navy submarines is low and will lead to a further accumulation of stored
submarines.

The final event chain for decommissioned nuclear submarines leading to complete scrapping involves
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certain steps of potential radiological concern. The full decommissioning of the vessel means removing
the spent nuclear fuel, dismantling the missile launchers, removing and recovering usable equipment and
metals, separating the reactor compartment from the rest of the hull and sealing it for long-term storage,
and finally cutting up the remaining parts of the hull for scrap. The defuelling step implies a potential
high risk similar to that in case of refuelling. The process furthermore generates large amounts of
radioactive waste - as well as spent nuclear fuel.

It is obvious that - besides the moored submarines still in operative use - this accumulation of inactive
submarines containing their spent nuclear fuel, or at different stages of dismantlement constitutes a
potentially serious environmental hazard.

Due to these delays in dealing with the civil and naval decommissioning issues, there is widespread
concern in the Navy and among city and regional officials in areas where nuclear shipyards and naval
bases are located that these vessels may sink causing ecological catastrophe. Civilian authorities are also
concerned about accident during defuelling and scrapping operations, as well as about dangers posed by
overfilled and decrepit storage sites or nuclear service ships which are used for holding solid and liquid
radioactive waste.

Consequently, the Stages SUBMARINES TO BE DECOMMISSIONED and SCRAPPING OF NUCLEAR SUBMARINES
are identified as two of the most important cases in the risk category Potential risk. Furthermore, the
subsequent steps dealing with the acute storage problems for nuclear fuel, as well as radioactive waste in
general - i.e. STORAGE OF SPENT NUCLEAR FUEL, and STORAGE OF RADIOACTIVE WASTE - also involve
potential high risk objects.

Submarines to be decommissioned:
A key problem with the decommissioning has been the lack of financing and the non-fulfilment of various
programs that have been developed to deal with this problems since the mid-1980s. As a result, shipyard
capacity is low, there is a lack of service ships for defuelling operations, the infrastructure for shipping
spent fuel away from naval bases has not been upgraded, radioactive waste storage sites in the Fleet or at
shipyards have not been built or upgraded, and a land-based storage site for reactor compartments has not
been created. Seven shipyards have been involved in scrapping nuclear submarines. Collectively these
shipyards have managed to process some 20-22 submarines in the past five years, although perhaps only
half of these have been fully scrapped (Bukharin and Handler 1995). The dismantlement of Northern
Navy submarines will henceforth only occur at Severodvinsk. The capacity is apparently limited to one
submarine a year (NACC 1995). The dismantlement process cannot be accelerated because of limited
storage capacity for spent fuel.

Another factor slowing the overall scrapping process at shipyards may be the necessity of eliminating
ballistic missile launching facilities on SSBNs declared to be taken out of service by the START I
treaty: Once a SSBN has been declared to have started the elimination process for SLBM launchers,
dismantlement of the launching tubes and support structures, a strict time table for completing the
process goes into effect - 270 days and 180 days respectively. Of the 62 SSBNs declared under
START I treaty data exchange of September 1990, by December 1994, 14 had officially been removed
from operational service (13 had completed their SLBM launcher elimination) - a dismantlement rate
of about 3.5 SSBNs per year (Bukharin and Handler 1995).

Unless scrapping capacity is significantly increased, the START treaty compliance will continue to
adversely affect the general decommissioning program. Or conversely, if dealing with decommissioned
general-purpose submarines becomes an acute issue, then dismantling of SSBN SLBM launch
compartments under the START treaties may suffer.

This piling up of submarines taken out of operation obviously demands for measures to facilitate and
increase the rate of complete decommissioning. The number still remaining untreated will anyhow be
high during a long time. In common with all the other considered cases involving spent nuclear fuel,
releases to the air represents scenarios with potentially high risk of exposure on the local and regional
scale. The seemingly unfavourable prognosis as regards the decommissioning issue also indicates the need
for an evaluation of radiological consequences of radioactive releases to the sea. In focus for such an
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analysis should primarily be the oldest submarines, as they are expected to be most prone to sinking. It
thus particularly accentuates the need to analyse how a sunken submarine containing nuclear fuel would
affect the marine environment, when the event occurs in a fjord and involves an aged submarine subjected
to substantial corrosion.

Scrapping of nuclear submarines:
Once a nuclear submarine is removed from service, the general sequence of events of full
decommissioning of the vessel involves removing the spent nuclear fuel (and storing it temporarily before
shipping it off for reprocessing), dismantling the missile launchers, removing and recovering usable
equipment and metals, separating the reactor compartment from the rest of the hull and sealing it for
long-term storage, and finally cutting up the remaining parts of the hull for scrap.

In Russia each one of the steps is facing serious problems. As of March 1995, 126 nuclear-powered
submarines had been removed from service. Approximately 70 of which were retired the last five years.
Some decommissioned submarines are in the Pacific Fleet and the rest in the Northern Navy. Of these 126
submarines, the spent nuclear fuel has been removed from only a third. Some 80 submarines remain to be
defuelled (Bukharin and Handler 1995). Previous estimates in 1994 of Nilsen et al. (1994) and NACC
(7995) indicated that about 70 decommissioned submarines were in various stages of dismantlement
(Nilsen et al. 1994, NACC 1995). Of this number, about half belongs to the Northern Navy and only 10 of
these were known to have had their fuel removed. Most of the submarines are as much as 30 years old,
and some have had their fuel for over 15 years (McCabe 1995).

The dismantlement of Northern Navy submarines occurs at Severodvinsk and possibly at the Nerpa
shipyard and the Shkval shipyard in Polyarny. The capacity is limited to one submarine a year (NACC
1995). The dismantlement process cannot be accelerated because of limited storage capacity for spent fuel
(Baham 1994).

Approximately 20-22 submarines have been scrapped in various degree and prepared for long-term
storage afloat (10-11 each in the North and in the Far East). Since there currently is no land-based storage
site for reactor compartments, reactor compartments which are removed from submarines are sealed up
with the adjoining compartments and stored afloat pending the development of land-based storage sites.
In the North, some are kept in Severodvinsk, but they generally are delivered back to the Navy from the
shipyard, which in turn tows them for storage afloat on the Kola Peninsula - some have been located in
the Sayda Bay near Murmansk (McCabe 1995).

Removal of the nuclear fuel from the reactor core during the defuelling process is likely to involve similar
risks for reactor accidents as in the case of refuelling. The known severe reactor accident (at the Chasma
Bay cf. Sivintsev et al., 1994b) during the latter process exemplifies the need to study release scenarios -
taking into regard the site specific conditions: meteorological and hydrological, as well as the population
distribution - for the sites where defuelling will take place. Risks associated with handling and storage of
reactor compartments and radioactive waste generated during the scrapping process will be discussed
below.

Storage of spent nuclear fuel:
When spent fuel is removed from a submarine it is stored inside steel containers with lead tops. These
containers are used both for interim storage and as an integral part of spent fuel shipping casks. While it
is onboard a service ship or kept in a coastal store, this fuel is held in dry, water-tight containers that are
suspended from the ceiling into tanks filled with cooling water. After the ship's capacity is filled, fuel is
transferred to concrete tanks of the central stores at the Zapadnaya Litsa base on the Kola Peninsula
(Nilsen et al., 1996).

The Northern Navy stores more than 21,000 assemblies - corresponding to about 30 tons of uranium. The
reactors aboard the ships belonging to the Murmansk Shipping Company - seven ice breakers and one
nuclear container ship - are fairly similar to those used in the submarines. After refuelling, which takes
place at the Atomflot just north of Murmansk, service ships are used to store the icebreaker spent fuel.
These are currently holding 6000 spent fuel assemblies (NACC 1995). One of the service ships is
damaged, and is kept in the harbour of Murmansk. The annual increment of spent fuel from nuclear
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powered ships in operation is around 2000 fuel assemblies (NACC1995).

The intention has been to leave the spent fuel assemblies from the Navy and the Murmansk Shipping
Company in local storage for about three years after removing them for radioactive decay, and then to
transport the spent fuel to the Mayak for reprocessing. Due to the prevalent complicating factors for
defuelling, transfer to service ships and interim storage, as well as the impediments for transport to the
Mayak, this routine has not been maintained. Most naval fuel is uranium dioxide enriched to 30 - 50 %
with 235U. Some reactors, however, are thought to be fuelled with weapons- or near-weapons-grade (70 -
80 % 235U) highly enriched uranium. The Mayak refuses to process these non-standard fuel elements,
because they do not meet reprocessing requirements {NACC 1995). These fuel elements, therefore, have to
remain at the shipyard.

As evidenced, among other, by the accident in 1986 at the nuclear fuel storage facility in the Zapadnaya
Litsa - which resulted in a severe contamination problem, and the potential for a nuclear criticality event
(McCabe 1994) - very severe accidents with spent nuclear fuel cannot be excluded (cf. also the discussion
in 5.2.). This is also reflected in some case studies indicating that a fire in a nuclear spent fuel storage on
land or on board a ship, and/or an accidental chain reaction (a criticality accident) should be considered.
A high priority issue must, therefore, be to analyse closely the feasibility of such accidents. For those that
cannot be rejected on physical grounds, the further analyses need to consider whether radioactive release
from the spent nuclear fuel storage may involve several assemblies or several core equivalents of fuel -
and in that case under what conditions release may occur.

The fact that the fuel elements still may be expected to be relatively highly enriched in 235U, to contain in
the order of 5 PBq of 137Cs per reactor core (Gussgard 1995), and that they are often gathered in
concentrated storages of 10 - 90 core equivalents of spent fuel at storage sites - in some cases in the
immediate vicinity of big populations, e.g. the city of Murmansk - makes this issue particularly urgent.

Relevant cases lacking sufficient information for ranking
Accidental nuclear weapons explosion:

There is a paucity of quantitative data concerning the presence of nuclear weapons in the Kola region (cf.
3.6), and for risks of nuclear explosions in events similar to certain accidents that already have occurred -
leading to high mechanical impact on the warheads, occasionally in combination with fire.

There are several occasions of accidents in handling of missiles onboard the submarines. It is, however,
not known if there have been any risk for nuclear explosions in these cases. At the nuclear submarine
shipyard in Severodvinsk such accidents occur on the average once a year. Furthermore, it appears to have
been such an accident with subsequent leakage of missile fuel from a submarine in the harbour of
Severomorsk in February 1991. In 1986 a strong explosion occurred in a missile storage in Severomorsk.
The shock wave was so strong that most windows in Severomorsk facing the missile storage were blown
out. The subsequent fire in the storage were extinguished not until three to four days later. It is not known
how many warheads that were present in the storage, or whether any of them became damaged by the
explosion or the fire.

The available information is insufficient even to allow rough assessments of risk for accidental nuclear
explosions.

Transport of spent nuclear fuel
Depending on where the refuelling or defuelling occurs, the subsequent transport may include shipment
on service ships or lorries to a place, where the spent fuel is reloaded onto trains bound for the Mayak.
Several crucial problems have hampered the use of these transport links during the 1990s.

The government in Russia has decided to improve the fuel shipment infrastructure and, starting in 1993,
to use new shipping casks TUK-18 which meet IAEA safety requirements. Many of these plans, however,
have been delayed or never implemented. Because of poor resources management, the Navy failed to
implement the governmental decision to upgrade the existing transportation infrastructure for the use of
the new shipping casks. (Because the new casks are significantly heavier and larger, their use requires
new cask-handling equipment and upgrades of the local road and railway transportation systems. The
break-up of USSR and the economic crisis of the 1990s further worsened the situation. After coming to a

60



complete halt in the beginning of the 1990s of transports of spent fuel to the Mayak in South Ural, where
reprocessing occurs, the resumed transport in 1994 has only involved a very small fraction of the total
amount awaiting reprocessing.

According to Nilsen et al. (1994, 1996) replacement of spent fuel for submarines of the Northern Navy
takes place at Polyarny, while used fuel is taken out of decommissioned submarines at the repair shipyard
of Sevmash at Severodvinsk. At the shipyard in Polyarny spent fuel is loaded into service ships to be
shipped to the Sevmorput in the suburb Rosta in Murmansk. From this place fuel is loaded on railway
carriages and transported to the Mayak. The ships Lotta and Imandra are used during replacement of
spent fuel from the nuclear-powered icebreaker fleet. Spent fuel is transported on lorries for about 2 km to
the Sevmorput where it is reloaded on train. A railway line has been built all the way to the Atomflot to
avoid reloading at the Sevmorput. This line was completed in November 1993, but as the new railway
containers are heavier than the old ones, improvement must be made on the new line before it can be
used. It appears also to be the intention to transfer the spent fuel from Polyarny to Atomflot for reloading
onto the railway. From the Kola NPP spent fuel is loaded directly into railway carriages after being stored
for at least three years at the site of the power plants.

Accidents involving spent fuel need thus to be considered with regard to shipments at sea, on the road and
during railway transports, as well as at the events of reloading. At present no such analyses are available.
As some of those transports occur close to or within urban areas, consequences of accidental radioactive
releases may be very serious. An identification of most sensitive links (i.e. loading, reloading and
transports) in the transport chain and rough assessments of potential releases belong, therefore, to the
high priority issues.

6.2. BASIS FOR ACTION PRIORITIES

Current initiatives and plans for actions
The precarious condition of several radioactive sources, and the aggravating situation with regard to how
waste is accumulating without adequate storage and maintenance capacity on and along the Kola
Peninsula have now apparently become recognised world-wide. Several major problems are related to the
military sources, albeit those of a civil origin definitely also need consideration (cf. Fig. 6.1). Some
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Fig.6.1. Semi-qualitative illustration of source-strength and feasible severe
cases of release related to some significant nuclear objects and events.

involving Russia in bi- or
trilateral co-operations
with Norway, USA or
EU— have already been
taken to institute some
urgent actions focused on
improvement of the
management of waste and
spent nuclear fuel on
Kola - i.e. those factors
that presently constitute a
critical "bottleneck" also
for the submarine decom-
missioning issue.

The growing interest on
the international arena is
evidenced among other by
the implementation by
ministers from the eight
Arctic countries of the
Arctic Monitoring and
Assessment Program
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(AMAP) to monitor the levels of and assess the effects of anthropogenic pollutants (including
radioactivity) in all components of the Arctic environment. The European Union has also started some
projects mainly concerned with further mapping of the current situation. A further step towards planning
of future actions is the objective of NATOs current pilot study concerning Cross Border Environmental
Problems Emanating from Defence Related Installations and Activities, which specifically addresses
issues on Safe Disposal of Radioactive and Mixed Waste, as well as Environmental Risk Assessments for
Specific Defence Related Problems, with focus on decommissioning of nuclear submarines.

Of importance, particularly in a long-term perspective, are the formal international instruments now
emerging with bearings on management issues for nuclear safety and RW:

A convention on nuclear safety has recently been signed by a sufficient number of states with nuclear
power plants to become effective from October 24 1996.

Meetings have also begun on a technical level with the complementary aspect to nuclear safety - that of
radioactive waste management and spent nuclear fuel - likely leading to a diplomat conference during
1997 for preparation of a convention text.

Russia engaged in the discussions concerning this pending convention appears to support its main
principles. An international agreement on the RW management, when enforced, certainly will contribute
to improved standards for the radiation safety conditions on Kola. However, the immense scope of
necessary and urgent remedial actions seemingly calls for international participation, as the probable cost
is expected to widely exceed what is feasible for single nations to cover - at least in the nearest future.
The most pressing needs facing Russia are to remove spent fuel from service ships, and construct new
storage facilities.

The high-priority issues calling for decisive and practical actions in the nearest future are essentially three
and concern:

WASTE STORAGE: Implying construction of storage facilities for low-, medium-, and high-level radioactive
waste, primarily to remediate the acute need, but also to establish an endurable concept for the long-term
situation concerning storage of RW and non-conditioned SNF;

DISMANTLEMENT: Primarily refers to a necessary increase of the shipyard capacity for dismantlement of
the submarines (which henceforth only will take place at Severodvinsk);

OLD REACTORS ON THE KOLA NPP: Closing of the two oldest reactors at the Kola NPP, clarifying the
responsibilities between authorities and enterprises, and improving the preparedness measures, including
provisions for an operative radiation monitoring system with prompt and general access also for
neighbouring countries (preferably by use of a quick response system, based on tele-communication and
fast predictions of the radiation situation).

Radioactive waste
As far as waste treatment and storage is concerned there are a visible progress. Some international
programs (based on bilateral agreements with respectively USA and Norway, or supported by the
European Union) for increasing the capacity to treat and store solid and liquid radioactive waste have
already started or are at the planning stage. Furthermore, a governmental decision of the Russian
Federation about building a regional waste deposit on the Novaya Zemlya has been approved.

Solid waste and spent fuel:
STORAGE ON LAND OR ON VESSELS. Solid waste is generated during the replacement of fuel assemblies
from icebreaker reactors, from repairs in the reactor section, from replacement of cooling water filters,
cables and gaskets. It is also generated from processing and storing fuel assemblies aboard the service
ship Imandra. Contaminated clothes and work equipment are also part of the waste stream, as well as
cleansing filters from solid and liquid waste treatment facilities. 70% of that generated is low level, 25%
is intermediate-level, and 5% is high level radioactive waste (Nilsen et al. 1994).
At present most storage facilities are filled to the limit, and plans to increase the storage capacity have
been delayed - primarily for economical reasons. Moreover, waste production has increased substantially
since the beginning of the 1990s (cf. 5.4). The problems involved in maintaining adequate and sufficient
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storage capacity have thus escalated recently. At the largest storage facility for vessel solid waste at the
Zwedochka items ( reactor parts, cooling pipes, control instruments, and equipment used for replacing
fuel assemblies) that cannot fit easily into containers are presently placed on the ground without any
protection or safeguarding against drainage into the sea. There are other similar examples (cf. 6.4) of a
rather desperate situation and negligent attitudes towards waste disposal.

The fast development of the storage dilemma must be dealt with immediately to avoid resumed dumping
or relenting control. It primarily calls for actions to increase the storage capacity and promote adherence
to international standards for radioactive waste treatment. Evidently, this process has already begun. A
recently initiated co-operation between Russia and Norway aims at cleaning up the Russian Northern
Navy's nuclear wastes. The agreement envisages seven projects (including construction of a waste storage
facility) that will facilitate the recycling of RW (NAPNS 1996). On the other hand, the Russian decision
about construction of a regional waste deposit on the Novaya Zemlya has caused notable concern among
experts in many countries. Scientific investigations and experimental tests of the design are carried out in
Russia with the purpose to deposit RW, including spent fuel, in permafrost, in particular at the Novaya
Zemlya (the project of the 'Minatom'). At present industrially developed countries with advanced nuclear
technologies practically don't bury spent fuel and other high-level RW, because of the involved
complexity and uncertain safety. In contrast, Russia now actualises or in the nearest future is going to
effectuate burying of spent fuel in permafrost formations (Bilibino, Novaya Zemlya). External scientists,
in contrast, think that it is necessary to consider very carefully burying RW under similar conditions.

Significant problems in the present dealing with local storage concern the following (NACC 1995,
McCabe 1994, Nilsen etal. 1995, CASSIOPEE1996, Severodvinsk 1995):

SUBMARINE SPENT FUEL The main storage facility is at the Zapadnaya Litsa naval base, where fuel
assemblies are stored in three dry-storage concrete tanks located about 200 meters from the sea. Problem:
The facility is filled to the capacity, and spent nuclear fuel in 32 containers holding between 200 and 230
fuel assemblies is still being stored out in the open. No decision has yet been made as to what to do with
them. Nor is there any detailed information as to their contents.
A barge for storing spent fuel at the Zapadnaya Litsa naval base holds 560 fuel assemblies. Problem: the
barge is 25 years old and filled to the capacity.
Storage facilities are located at the Gremikha naval base, where large tunnels at sea level are used for
protection of strategic submarines.
The Zvezdochka shipyard in Severodvinsk on the White Sea has three storage barges like the one
servicing Zapadnaya Litsa. Problem: They are filled to the capacity (1680 fuel assemblies), more than 25
years old, and in very poor overall shape (corroded hulls and broken equipment).

ICEBREAKER SPENT FUEL Spent fuel from icebreakers is initially stored for six months on the Imandra
service ship and then transferred to the Lotta ship. On both of these ships, the fuel is stored in dry, water-
cooled containers.
The service ship Imandra can store 1530 fuel assemblies (i.e. fuel from six reactors). Problem: The ship is
since 1993 filled to the capacity.
The service ship Lotta can hold 4080 assemblies (i.e. fuel from 12 reactors). Most of its capacity is for
icebreaker spent fuel; the capacity of 476 fuel assemblies is for the submarines. Problem: Since 1992 Lotta
is filled to the capacity.
The service ship Lepse is used today for the storage of about 620 spent fuel assemblies in two sections.
Problem: Some storage sections were covered with concrete and the fuel assemblies can no longer be
removed. The entire ship is considered as radioactive waste now.
It is apparent the service ships are in a dangerous condition and new ships are needed to replace them.
The interim storages facilities have inappropriately become long-term storage. In fact, the lack of storage
capacity has resulted in much of the spent fuel being stored aboard decommissioned submarines and
service ships. No new regulatory basis has been developed reflecting the changed role of the vessels
(McCabe 1994).
Actions that need to be considered in this context deal with:
1. Construction of storage facilities at the technical shore base in the Zapadnaya Litsa: storages for SNF
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and for temporary storage of solid radioactive waste;
2. Construction of a transfer site for SNF;
3. Construction of a deposit for radioactive waste on the Novaya Zemlya;
4. Construction of a site for long-term storage of reactor compartments at the Ara bay;
5. Construction of a lift/transport vessel for transfer of reactor compartments to the long term storage site

at the Ara bay;
6. Construction of a special vessel for sea transportation of the SNF to the points of transfer at Murmansk

and the Nerpichya Bay for further transportation by rail for final processing or storage.

WASTE DUMPED IN SEAS. The decision makers will need to select between passive approaches where the
waste is not disturbed but some control tactic is taken along the exposure pathway, and active approaches
where a remediation option is selected. The three generic remediation options are (McCabe 1995): 1. to
modify the waste in place by encapsulation, capping or excavation with burial, 2. relocate waste at sea, or
3. retrieve and transport the waste to land for storage, treatment, and/or disposal.

In evaluating these mitigation options it is necessary to weigh and compare the expected risks, costs, and
benefits of each option. The contention of recent consequence analyses discussed in IIASA, 1996b is that
the radiological risk (with regard to an assumed "most exposed" group and whole populations) is
relatively low for the solid radioactive waste present in the Barents and Kara Seas, as well as in fjords
along the cost of the Novaya Zemlya. This favours a "passive" approach, leaving the waste as it is, while
monitoring the concentration e.g. in sea water, sediment or fish species to currently observe the future
situation.

Liquid radioactive waste
Measures have been taken to remediate the insufficient capacity for treatment of liquid radioactive waste.
Waste in the Northern Navy will be treated by increasing the capacity in an existing installation at the
Murmansk Shipping Company with the U.S. and Norway financing the project. The Russian State
Committee for Defence Industry has also signed contracts with a number of Japanese and U.S. companies
for the construction of a floating nuclear waste recycling plant in the Far East, which will be put in
operation at the end of 1996. These facilities could enable Russia to solve the problem of liquid
radioactive waste from nuclear-powered submarines within the next two years {Clarke 1996).

WASTE DUMPED IN SEAS. The LRW comes from reactor cooling systems including those on-board
submarines and from the cleaning operations at shipyards or service ships. Its activity consists mainly of
3H, but may also contain 60Co, 63Ni and 55Fe from activated products. Therefore, this dumping has not
significantly changed the total radionuclide content of the seas. No dumping of LRW in the Arctic seas
has taken place since 1992, and the intention is to halt it permanently if adequate waste-handing facilities
can be built within a reasonable time.

Submarines
Russian nuclear submarines are decommissioned chiefly for three reasons. Firstly, some of the vessels are
more than 25 years old and past their effective operational life. Some of them have undergone serious
accidents and are beyond repair. Secondly, the greatly reduced Russian defence budget precludes
maintenance and upgrading of the large cold war force of nuclear submarines established by the Soviet
Union. Thirdly, international disarmament treaties for reduction of naval nuclear strategic warheads
require a reduction in the number of submarines {McCabe 1994).

Decommissioning of nuclear submarines will remain a problem for the Northern Navy and for the Kola
region for years to come. Until now Russia has not decommissioned a single submarine where problems
of handling and storage of reactor compartments have been solved in a satisfactory manner {Nilsen et al.
1996). The decommissioning of nuclear submarines has become a Russian national problem. There is a
great deficiency of qualified technical facilities coupled with a lack of sufficient funding to carry out the
work.

There are some particularly weak links in the process chain leading to complete decommissioning. As
long as any of those prevail it constitutes an effective bottleneck preventing the dismantlement process to
become satisfactorily accelerated. In the near term, there is a strong need to increase the scrapping
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capability at shipyards and to develop a land-based storage site for reactors compartments and associated
transport infrastructure. Important near-term priorities thus include:

1. constructing storage for SNF;
2. off-loading SNF from submarines and service ships;
3. upgrading or/and enlarging the LRW processing capability and SRW storage areas in the NF;
4. increasing the training and radiation monitoring capabilities of naval personnel;
5. conducting open and complete radiation surveys of the nuclear submarine bases, shipyards, and waste

sites.
The current co-operative initiatives by Russia and foreign parties primarily concern points 1 (with
Norway), and 3 (Murmansk Initiatives, with Norway, U.S. and EU) (Dyer et al., 1996).

Civil decommissioned vessels, nuclear-propulsed or for RW storage
In addition to the submarines Russia has one decommissioned nuclear-powered icebreaker, the Lenin, and
a decommissioned service ship, the Lepse. The Bellona report (Nilsen et al. 1994) suggests designing a
dry dock at a distance from inhabited areas to store the Lepse, so that the risk of a sinking is minimised.
Currently, a Russian plan is under discussion suggesting to tow the Lepse to the Novaya Zemlya and bury
it there. No plan seems to exist for dismantling or disposing the Lenin.

The nuclear power plants
A common observation made by various groups (IAEA, Russian Ministry of Security, Bellona) is that the
poor maintenance practices, as well as technical weaknesses due to reactor design contribute to the safety
hazards on Kola. According to a 1992 report of the Russian Ministry of Security, the operators on Kola do
not recognise the importance of their work. The report sharply criticised both the MINATOM and the
Russian government for operational problems at the plant, including lack of instructors to teach
employees safety precautions. Several operators had never even participated in courses on ways to handle
a crisis. Also, the report noted that reactor construction on Kola is a safety risk in itself and recommended
shutting down the reactors as soon as possible. Furthermore, Norway has claimed that the Kola NPP is
"one of the four or five most dangerous plants in the world" (OTA 1995). At present, the general opinion
among radiation protection authorities and other expertise in the Western world seems to be that the old
VVER-reactors should be closed as fast as possible with regard to the energy production situation.

The work on nuclear safety needs further improvements. These problems probably cannot be solved
without increased funding, better organisation, clearer division of institutional responsibilities in the
governments and regional administrations, strong regulatory oversight, and greater public involvement.
The necessary legislative basis, a law on nuclear energy, was established in Russia in 1995, and
recommendations on how to proceed has recently been presented by a working group at IAEA (IAEA
1995). Moreover, it is essential to strengthen the influence for the authorities with regard to the prevailing
risk for conflict between safety considerations and the interest to maintain the production of electricity.

With respect to the methodology for work on nuclear safety, it is important with further development of
applications of probabilistic safety analysis (PSA), and systematic feed-back and analysis of experience.
Finally necessary pre-requisites need to be established for generating a "safety culture" consistent with a
high safety standard. Such a pre-requisite may in practise be to improve the economy, among other by
ascertaining sufficient payment for the production of electricity. Financial support from the West may
here be of specific importance, depending on how it is accomplished.

Important steps to improve safety have been initiated (both on the international arena and in Russia) that
likely will lead to positive development for management and preparedness issues. For example, the
convention on nuclear safety (IAEA 1994) implemented in 1996 means that all the states adopting this
convention bind themselves to lay down by law:
- rules and regulations of nuclear safety,
- claim on legal permission for running nuclear technical enterprises,
- establishment of an authority with independent competence and means to inspect and supervise the
adherence to the rules for nuclear safety, as well as authorised to make demands in accordance with given
permissions.
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To assure positive effects on the nuclear safety in the long-term perspective, the convention also imposes
on the participating countries to submit recurrently to future inspections of the factual adherence to the
convention.

Other current activities of interest for nuclear safety and emergence preparedness issues are the following.
Within the framework of the state program EGASKRO the Murmansk Oblcompriroda carries out the
basic planning for the project on development of the radiation monitoring system for the Murmansk
county. The international project KOLANET/IRIS has been started together with the Digital Equipment
Corporation in co-operation with the Nordic countries and plans to incorporate to the EU system RODOS
(Baklanov et al. 1997). Within the Barents co-operation, the Administration of Norrbotten county
(Sweden) has prepared also a project on creation of a common radiation monitoring system for the
Barents Region (Herlevsson et al. 1993). However, both projects at present have not financial support for
complete implementation.

6.3. PRIORITIES FOR RESEARCH

The need of research given high priority reflects the known or potential importance of certain chains of
events for radioactive releases and associated radiological consequences. The primary objectives of
highlighting these issues are to provide for an improved basis by research for risk ranking and decisions
about what is the most necessary and urgent actions. Several of these topics may be pursued within the
broad scope of the IIASA's current project 'RADIATION SAFETY OF THE BIOSPHERE', as well as the recently
initiated Research Programme at the Umea university and the Defence Research Establishment in Umea:
'RISKS AND NUCLEAR WASTE — Nuclear problems, risk perceptions of, and societal responses to,
nuclear waste in the Barents Region. A Multi-Disciplinary Nuclear Waste Risk Study'. In this context
section 6.3 mainly serves as a means to identify pertinent high priority research issues that are not
adequately covered by other completed or ongoing studies. Therefore, we first shortly describe topics of
particular interest appearing in other current projects plans.

There is sometimes no unique way to classify projects as regards categories for research or plans for
action. It is obvious that priorities dealt with in action plans presented in 6.2 to various degree also may
involve research. Similarly, some research issues discussed below, as e.g. the NEFCO- AMAP program,
constitute elements of action plans.

Priority issues covered by other current project plans
AMAP

With regard to radioactive agents associated with specific anthropogenic activities the AMAP program
has been focused primarily on giving a broad overview, based on present knowledge, over their prevalence
in the whole Arctic, and of the nature and risk posed by these radionuclides. Moreover, in the final report
(AMAP, 1997) new calculations are made specifically for individual related assessments. These
assessments will provide an improved basis for estimating consequences related to radioactive deposition
in terms of doses in populations or certain groups. AMAP also identifies where additional efforts are
required to obtain more information and to conduct sub-assessments to improve the characterisation of the
relevant risks. To some extent this also concerns the Kola-Barents region, particularly with regard to
recommendations about more detailed probabilistic safety assessments of civilian nuclear power plants
installations (cf. 6.2), and that more information is required on safety assessments for nuclear submarine
decommissioning activities (cf. 6.2), and the handling and storage of nuclear weapons (cf. 6.1).
Implementation of any such recommendations for further research, however, is outside the scope of the
AMAP study proper.

IAEA/ IASAP
The objectives of the IASAP study performed by IAEA have been:

* to assess the risks to human health and to the environment associated with solid radioactive waste
dumped in the Kara and Barents Seas;

* to examine possible remedial actions related to the dumped solid waste and to advise on weather there
are necessary and justified.
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This study, as well as several others, (cf. 5.3), conclude that the radiological risks posed by the dumped
objects are minor and that there are not sufficient justification for considering specific remedial actions
(such as those identified in 6.2). Should nevertheless national authorities on other than radiological
grounds be in favour of some measures, the IASAP report contains an evaluation of possible remedial
actions and related engineering and financial requirements.

NEFCO-AMAP
The initiative for the Barents Region Environmental Program by The Nordic Environment Finance
Corporation (NEFCO) came in 1994 from the governments of the Nordic Countries, which are the
founders of NEFCO. Through this program the Nordic countries wish to assist the authorities of Russia in
their efforts to improve the environment and decrease pollution problems in the Russian part of the
Barents region. In co-operation with the Arctic Monitoring and Assessment Program (AMAP) NEFCO
have selected a series of project aimed at tackling various problems in the most urgent areas of concern
with regard to radioactive sources and environmental contamination. NEFCO is in charge of the Program
and also supplies the necessary funding. The AMAP Secretariat has been engaged by NEFCO to organise,
prepare and carry out a first phase of this program during which potential environmental investment
projects have been identified, and some recommended for further studies. During a feasibility study
(carried out during 1996) some of these recommended projects have been given priority as pilot projects
for a second phase. Finally, during a third phase scheduled to begin in the autumn of 1996, in co-
operation with other financial bodies, NEFCO will implement selected pilot projects.

The AMAP Expert Group has recommended that a feasibility study should be carried out for 5 projects
concerning issues related to radioactivity. In the evaluation process, the priorities of the regional
environmental authorities have been taken into account, as well as the fact that the projects should be
investment projects aiming to tackle a definite environmental of health problem, rather than being purely
for research. Although these projects thus primarily concerns objectives for actions, there is no clear
borderline to related fields of research. Therefore, we have chosen to identify these projects in the list
below.

Projects which are the subject of bilateral or multilateral environmental and technical co-operation, and
for which significant steps have already been taken towards their implementation (cf. 6.2), have not been
selected as priority projects for the NEFCO Program.

The list of projects presenting possible actions (that will be decided in the second phase) addresses the
following issues:
1. Handling of transport of RW and SNF;
2. Regional storage for RW and SNF (especially if not suited for reprocessing);
3. Development of alternative techniques for decommissioning of nuclear submarines;
4. Nuclear Safety at the Kola NPP (safety culture);
5. Risk and impact assessment including monitoring systems.

Beside these topics, final disposal of the service ship Lepse and a more general scope concerning safety at
the Kola NPP have been discussed. However, the problems concerning the Lepse are dealt with in the
bilateral agreement between Norway and Russia (cf. 6.2). Furthermore, the concentration in point 4 on a
single aspect "safety culture" reflects the fact that a number of topics concerning safety improvements at
the Kola NPP have been dealt with under the supervision of IAEA, and are also addressed by other
projects.

NATO/CCMS Phase II
The second phase of the pilot study on Cross-Border Environmental Problems Emanating from Defence-
Related Installations and Activities mainly has been concerned with:
1. reviewing the contents of hazardous constituents in defence-related activities, and prioritising their

importance with a view to optimising future actions and use of resources;
2. developing further knowledge and tools related to risk assessments in the areas of radioactive and

mixed waste including specific examples.
It also includes stocktaking and collection of information relating to river transport of defence-related
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nuclear material in order to follow up the work undertaken in phase I. Furthermore, it explicitly states
that it will not deal with the following issues: Mapping and tracking of operational vessels; Destruction
and testing of nuclear weapons; Removal of dumped material; or Specific descriptions of the activities of
operational units.

Our discussion in 6.1 and the ranking of consequences appearing in table 6.1 indicate a paucity of
information for particular defence-related activities. A primary aim of point 1. above apparently is to
elucidate some of these issues to provide an improved basis for effectuating future remedial actions.
Furthermore, a specific example in focus for the studies in point 2. concerns the growing number of
decommissioned ageing nuclear submarines along the coast of the Kola Peninsula awaiting scrapping.

RW-Program/TACIS-95
An urgent high priority research issue for the Kola-Barents region is a scientifically well-founded decision
about the RW management and development of a suitable concept for a final long-term disposal of
different types of RW, accumulated in the Kola-Arkhangelsk region.

The Federal Purpose Program 'Management with Radioactive Waste and Spent Nuclear Materials, their
Utilisation and Disposal in 1996-2005' was adopted by the RF Government (Decree n 1030) on 23
October 1995. The program comprises a comprehensive solution for the RW and SNF problems including
establishment of a appropriate regulatory body for safe RW management, construction of storage facilities
for the various types of RW - in particular, for sources in the north-west Russia and at the Northern Navy,
(RW-Program, 1995). Due to the increasing economical difficulties in Russia, this program plans to
involve investments from foreign countries and organisations for the accomplishment of this project.

The European Union starting in 1997 the program: 'Nuclear Safety. Improvement of Radioactive Waste
Safe Management in the north-west Russian Federation' with participation of experts from the European
Commission for support in dealing with the waste storage issues. This program includes four projects:
'Disposal of Radioactive Waste', 'Interim Storage', 'Spent Fuel' and 'Regional RW management.
Steering committee'.

Research priorities for the 'RISKS AND NUCLEAR WASTE' Multidisciplinary Research
Programme

The current Research Programme: 'RISKS AND NUCLEAR WASTE: Nuclear problems, risk
perceptions of, and societal responses to nuclear waste in the Barents Region. A Multi-Disciplinary

Nuclear Waste Risk Study', may be seen as a logical next
step of the pilot IIASA Kola Assessment Study. This new
multi-disciplinary study covers several aspects: 'Scientific
and Technical Nuclear Risk Assessment', 'Social and
Political Nuclear Risk Assessment' and 'Negotiations on
Nuclear Risk' (RNW, 1997).

Radiological aspects:
"Sensitivity", or "vulnerability", to a radioactive release in
the sense used in our IIASA study to evaluate effects, covers
primarily aspects concerning the resulting concentrations
and persistence in the ecosystems, as well as closeness
between the release source and potentially exposed populated
areas. The objective of the 'Scientific and Technical Nuclear

Fig 6 2 Risk criteria and fields of ^ s ' f Assessment' in the new study (the 'Radiological aspect'
interactions of importance for evaluating i n f l§- 6.2) is to assess in this sense the potential risk of
vulnerability and effects of actual or radioactive contamination - locally, regionally and on longer
potential radioactive releases distances - from nuclear units in north-west Russia and

impacts on people and the environment, and thereby
providing for an important input to subsequent socio-economical and political analyses .

Topics of main interest are listed below for continued analysis with emphasis on the radiological aspect
within the framework 'Scientific and Technical Nuclear Risk Assessment' of the new multi-disciplinary

Assessing effects of
interactions
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risk study, and the Radiation Safety of the Biosphere Project of II ASA. The order of presentation is made
without any inherent priority ranking among the suggested issues.
1. General source-related consequence analyses for significant radioactive sources present in the Kola-

Barents region and description of source-term characteristics for accident or leakage scenarios involving
AIR-BORNE RADIOACTIVE RELEASE with regard to potential deposition locally as well as at long distances

* a nuclear submarine moored in a fjord on the Kola Peninsula;
* a facility for storage of spent nuclear fuel;
* a facility for storage of solid radioactive waste.

2. General source-related consequence analyses for significant radioactive sources present in the Kola-
Barents region and description of source-term characteristics for accident or leakage scenarios involving
RADIOACTIVE RELEASE TO AQUATIC RECIPIENTS

* accidental short- or long-term leakage of radionuclides into local reservoirs, sea bays and coastal
waters (from nuclear vessels, decommissioned submarines, and RW/ SNF storage fac ilities)
* migration of radionuclides in soils and ground waters.

3. Specific case studies for accidents on vessels or at land-based nuclear installations. Analysis by use of
modelling of accidental releases:
* from a reactor at the Kola NPP;
* from a nuclear-propulsed vessel under refuelling at a ship-yard and under normal operation at sea;
* during decommissioning and scrapping of nuclear submarines at Severodvinsk;
* at nuclear explosions and hypothetical accidents with nuclear weapons present in the region.

3 Individual-related assessment of potential long-term exposure and dose to the general population and
selected groups in the Kola-Barents Region, based on evaluation and sensitivity analysis of ecological
pathways expected to be of importance for transfer of radioactivity over food-chains to man in boreal
and arctic environments.

4 Probabilistic environmental risk assessments for radioactive sources and nuclear facilities in the Kola-
Barents Region, based on probabilities for different categories of release (radionuclide distribution,
release scenario - time sequence for release, fraction released):
* estimation of risk of exposure for populations in the Kola- Barents region
* source-related assessment of radiological sensitivity depending on distance from point of release, and

with regard to demographic features of the exposed population, and site specific factors;
6. Development of a comprehensive database on radioactive sources in the Barents region based on GIS-

technology: providing a detailed identification of the individual radiation risk objects - for possible use
e.g. in further steps of the Program. A principal step in structuring these data base has been taken
during the present study, and in contact with other projects, where data bases are under establishment
for related purposes (AMAP and RADLEG).

Scientists in research groups at several research organisations in Sweden, Russia, Finland, Norway and
US will in contact perform several studies belonging to the positions 1-4 and 6 in this list within the
framework of the 'Scientific and Technical Nuclear Risk Assessment' in the multi-disciplinary study.

Radiological and Socio-Economical criteria
The assessments and ranking of priority summarised in 6.1 often focus directly on radiological
consequences. However, severe accidents leading to radioactive release are likely to influence the social
and economic conditions in areas subjected to substantial radioactive contamination. Such associated
socio-economic effects have not been touched upon - at least not explicitly. Yet, these issues undoubtedly
are highly relevant, and constitute elements that -besides the radiological issues proper - would be
particularly suited for further analyses at the second part of the Program. Some facets of this complex
interactions are touched upon below.

Radiological "risk" and socio-economic conditions on Kola
Although commercial fishing is not expected to be severely affected by the present or potential radioactive
releases to the Arctic Seas - at least from a radiological point of view - already relatively low levels of
radioactive caesium deposited on land in the boreal and arctic environments evidently implies
considerable problems for food production in general, and the reindeer herding in particular. Experiences
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from the Chernobyl accident highlight the severe and relatively long-lasting effect that may result on an
economy based mainly on reindeer breeding - probably, in turn, with negative implications on the social
and cultural levels. Such relationships need further elucidation for a better understanding of the sensitivity
and vulnerability to radioactive fallout. This aspect is extremely important for assessment of consequences
of accidental situation concerning native reindeer herding populations.

The general economical problems confronting Russia, and its obvious negative effects on the
infrastructure and social situation on the Kola Peninsula, means that the reverse causal relationships
between socio-economic effects and radioactive release also needs attention, i.e. may the increasing socio-
economic difficulties affect the risk for accidents and uncontrolled radioactive releases from military and
civilian sources? Several observations of relenting control, unattended needs for repair, as well as
decreased personnel for maintenance and surveillance, indicate that this development is far from
negligible.

Besides the radiological topics which are the main subject of this study, important issues for the further
consequence analyses concerning the radioactive sources on and along the Kola Peninsula should thus be
to expound on the socio-economic vulnerability to extensive radioactive fallout, and vice versa: on the
probably increased risk of severe accidents due to a deteriorating infrastructure inherent in the current
socio-economic process.

Assessment of possibilities of international collaboration and negotiations in this sphere are therefore also
of great importance.

Perception of risk
Although technical assessment is necessary for a rational societal risk evaluation it is not sufficient. In
order to understand and be prepared for reactions to environmental and health impact - not the least
when related to nuclear technology - it is important to identify factors with expected significant influence
on attitudes, perceptions, and acceptance of risk (see fig. 6.2), i.e. those related to the "subjective"
judgement or apprehension of risks in populations and among authorities. With regard to radioactive
sources present on the Kola Peninsula and in its vicinity knowledge of this kind is probably essential to
comprehend or anticipate the response, for instance, in certain groups, or for populations under the
specific conditions prevailing in different regions in northern Fenno-Scandia and on Kola. Certainly, it
will be relevant also for how we perceive this type of risk on longer distances from the sources.
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