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ENVIRONMENTAL RADIOACTIVITY IN THE ARCTIC

Per Strand and Elis Holm

Norwegian Radiation Protection Authority, Norway
Lund University, Sweden

Recent years have seen increased concern about the potential effects of radioactive
contamination in the Arctic. These concerns have arisen from uncertainties regarding
• current levels of contamination
• number of radioactive sources present
• nature of radioactive sources present
• long-term behaviour of radioactive contaminants in Polar environments

As a result of this increased concern and also improvements in multinational co-operation
among the Arctic countries a series of international conferences was instigated at Kirkenes,
Norway, in 1993 and followed by the second international conference in Oslo in august 1995.
From this conference one have produced this book of extended abstracts.

Participants were welcomed in Oslo by an address from Mr Thorbjeirn Berntsen, the
Norwegian Minister of the Environment , who stressed the importance of a multinational
approach to strengthen the basis for a safe management of the Arctic environment to the
benefit of all. Other speakers included senior representatives of the US Environmental
Protection Agency (EPA), the International Atomic Energy Agency (IAEA), the Arctic
Monitoring and Assessment Programme (AMAP), and the conference chairman's, who
emphasised the need for an overall risk and impact assessment for potential accident
scenarios.

The conference considered several broad themes
• assessment of releases from landbased sources and river transport
• assessment of dumping of nuclear waste
• arctic radioecology
• assessment of impact of nuclear weapons explosions and accidents
• nuclear safety and the consequences of nuclear accidents in the Arctic
• waste management

The presentations demonstrated that current levels of radioactivity in the Arctic are generally
low. Indeed, the two most important sources are global fallout from the nuclear weapons tests
of the 1950's and 1960's, and discharges to the sea from reprocessing plants in Western
Europe which are transported north by the prevailing currents. Other sources include in some
areas, deposition from the Chernobyl Accident, and discharges from reprocessing plants in
Siberia to the Ob and Yenisey river systems. One mechanism of transport that is unique to
Polar areas is under investigation; the role of ice in transporting contaminated sediments in
rivers and the Arctic Ocean.



In the early 1990's it became apparent that substantial dumping of nuclear waste had been
undertaken by the Russian authorities in the Barents and Kara Seas, including the scuttling of
decommissioned nuclear submarines and dumping of spent nuclear fuel. As a result a co-
operative study was instigated by the Norwegian and Russian authorities and has visited the
Kara Sea on three occasions to collect samples from the dumpsites and monitor activity in
seawater and biota. So far, levels of radioactivity have only been found to be enhanced in the
immediate vicinity of the dumped waste and do not pose a significant additional radiation
risk. Furthermore, an international effort co-ordinated by the IAEA (The International Arctic
Seas Assessment Project), in co-operation with the Russian and Norwegian authorities, has
sought to assess the potential risk of future leakage from the dumped materials.

Radioecological studies assess the behaviour of contaminants that have already been released
to the environment. Studies have showed that although radioactivity levels are relative low,
the critical group for radiation exposure in the Arctic are indigenous peoples, for whom
natural foodstuffs are an important dietary component. In particular, reindeer breeders have
been affected; reindeer feed for much of the year on lichens which are effective in trapping
radioactive fallout and therefore accumulate some radioactive contaminants. The reindeer
breeders, for whom reindeer is an important dietary component, can also therefore accumulate
high levels of some radionuclides.

However, although current radioactivity levels are low, there is still a potential threat from the
large number of sources operational within the area. These include the nuclear power plants at
Kola and Bilibino, nuclear powered submarines and icebreakers, nuclear weapons at military
bases and radionuclide thermoelectric generator powered lighthouses. Nuclear accidents in the
Arctic are not without precedent; in 1968 an American B-52 bomber carrying nuclear
weapons crashed near the base at Thule, Greenland, resulting in the release of plutonium from
the weapons onto the ice and in 1989 the Russian nuclear submarine 'Komsomolets' caught
fire and was scuttled south west of Bear Island in the North Atlantic.

Furthermore, active radioactive sources are creating nuclear waste, which must be effectively
stored and disposed. As indiscriminate dumping has become an unacceptable option, storage
of waste in the vicinity of the source has increased. The question of effective waste
management in the Arctic is only now being addressed.

However, it is imperative that an international framework exists to monitor and assess issues
of radioactivity in the Arctic environment. To this end environmental radioactivity constitutes
an important component of the AMAP programme and will be included in the Environmental
Impact Assessment. This will include an overview of sources and levels of radioactivity in the
Arctic, assessment of the consequences of emissions from various sources and calculation of
radiation doses to the population. The impact assessment will be based upon measurement of
contaminants at all levels of the terrestrial and marine ecosystems, for instance in soils, plants,
animals, fish, seawater, sediments and so on. These data will be incorporated into a
geographical information system (GIS) and stored in a database maintained at the AMAP
international Data Centre for Radioactivity. The Data Centre is created by a close co-
operation between USA, Russia and Norway. The Centre is situated in Norway at the
Norwegian Radiation Protection Authority. As well as being an invaluable register of
radioactivity in the Arctic the Data Centre can be used to model the consequences of future
releases



The importance and aim of a international risk and impact assessment is also connected to
provide information that will be useful for effective decision making, and subsequent
implementation of appropriate measures, if needed to maximise reduction of risk to the
environment and its inhabitants. The first challenge is to have accurate information about
potential sources of contamination. In this respect improved co-operation in the aftermath of
the end of the cold war has provided much useful information. The second challenge is to
understand, as far as possible, the transport and behaviour of different radioactive
contaminants as they travel through different components of Arctic ecosystems.

The Second International Conference on Environmental Radioactivity in the Arctic in Oslo
was attended by scientists from seventeen countries, and served as an invaluable forum for
collection and dissemination of information on the range of themes described above. This can
only serve to increase awareness of areas of uncertainty and act as a stimulus to further
research. As such, it is to be hoped that a contribution was made to the cause of international
co-operation that is vital to effective understanding and management, not just of the Arctic
environment, but of the planet as a whole.



Welcome address

THORBJ0RN BERNTSEN

Minister of Environment - Norway

Mr. Chairman, Ladies and Gentlemen,

First of all, let me welcome you all to this international conference. On behalf of the
Norwegian government I would also like to convey a special welcome to our foreign
participants, wishing you a pleasant stay here in Oslo this week.

This conference represents an important milestone pollution. Looking at this weeks extensive
programme and the broad international participation, I am convinced that the topics is well
taken care of.

Before arriving at some of the conclusions from the expert work so far, I would like to
provide you with a brief Norwegian perspective on how the work has developed over the last
few years.

The bilateral co-operation on environment issues between Norway and the former Soviet-
Union formally started in 1988, based on bilateral environment agreement. In September 1992
a new environmental agreement was signed by the Minister of Environment of Norway and
the Russian Federation. This agreement broadened the co-operation and focused more on
concrete measures. The new agreement was based on operation and focused more on the
concrete measures. The new agreement was based on work already started under the previous
agreement. The new agreement is being executed through the work of several different joint
expert groups, and the work is headed by a joint Norwegian-Russian Commission for
Environmental Co-operation.

During the first years of co-operation, the primary focus was the transboundary air pollution
from the northern border areas of the two countries. At this initial stage, it was the metallurgic
industrial plants on the Kola Peninsula that were the main concern among the people in the
Northern parts of Norway. Special focus was given to the nickel smelter in Nikel close to the
Norwegian border. The pollution from this smelter has serious health effects on the local
population and a detrimental effect on the local environment. In addition the Norwegian
border areas are also heavily effected. This continues to be of major concern to the local
population as well as to the Norwegian Government. The final proposal for modernisation of
that plan has been completed. This summer Russian authorities have approved an economic
plan for modernisation. The Norwegian government has assigned 300 million NOK to this
project. Implementation of this project will be seen as a signal for further extension and
deepening of the bilateral co-operation in many other fields.

During the last months of 1990 Norwegian authorities received information from various
unofficial sources in the former Soviet Union indicating that radioactive wastes, including
high level waste, for man years had been dumped or deposited in the Barents and the Kara



Sea. The agreement and the apparatus established in 1988 provided an important tool in
developing a dialogue with the Soviet Union related to these rumours.

It made bilateral contacts about dumping of radioactive wastes in the Arctic Seas possible.
Questions about the dumped radioactive waste, along with security questions at the Kola
nuclear power plant, are still causing considerable anxiety among the Norwegian public.

In August 1991 the Soviet side proposed to establish a joint Norwegian-Soviet expert group in
order to investigate the assertions of dumping of radioactive wastes in the Barents Sea. In
April 1992 Norwegian and Russian authorities agreed to establish a joint expert group with
representatives from all relevant authorities of the two countries dealing with radioactive
pollution.

For the last three years, the Norwegian and Russian authorities through this expert group have
organised three joint expeditions to determine the general level of radioactive contamination
in the Barents and Kara Seas and to investigate the areas on the eastern shores of Novaja
Zemlya where radioactive waste has been dumped. Scientists appointed by the International
Atomic Energy Agency(IAEA) and the European Union (EU) have also participated on the
expeditions, and the results have regularly been reported to the consultative meetings of the
London Convention of 1972. In April 1993, Russian authorities presented official
information in the so called "White Book» on dumping of radioactive waste in the seas
surrounding the former Soviet Union. This information was very important as background for
the joint Norwegian-Russian expeditions to the dumping sites in 1993 and 1994.

In co-operation with the IAEA, the Norwegian and Russian authorities have established the
International Arctic Seas Assessment Project (IASAP). Experts from Norway, Russia and the
IAEA play a central role in the project which also have participants from other countries. The
analytic results from the Norwegian-Russian expeditions and information from Russian
institutions on the dumped waste have formed the basis for an overall evaluation of the future
environmental impact of the waste dumped east of Novaja Zemlja.
The joint results of the three expeditions and the first results of the evaluation of future risks
of radioactive contamination of the northern seas from the dumped waste will be presented in
more detail later this week by several scientists who have participated in the work. I have
however been informed that the main conclusions from this comprehensive work clearly
indicates that existing leakage's from the dumped radioactive waste only measured close to
some of the dumped material and that no effect is found on the main water masses in the Kara
and the Barents seas. The first evaluations of future environmental impacts also indicates that
the dumped material will have an insignificant impact on man and the environment also in the
future. Taking into account that the present levels of radioactivity in fish caught in the
Barents sea are lower than in most other sea areas, I feel confident that the great fish stocks in
the northern seas are not seriously threatened by dumped radioactive waste. We are, however,
aware of some of the uncertainties which may be connected to the present risk assessments.
Since we want to have a high degree of safety against radioactive pollution of these water
masses from this or any other sources we are currently working closely with Russia to
establish a joint programme for surveillance and monitoring of radioactive contamination in
the Northern areas.



At the Fifteenth Consultative Meeting of the London Convention in 1992, the meeting
requested IAEA and the Russian Federation to indicate scientific and technical measures to
reduce, as much as possible, any significant risk, and to take remedial actions such as capping,
retrieval and storage on land of dumped waste. The meeting also requested Norway to co-
operate in this work. At a later consultative meeting it was agreed that a final evaluation of
future threats to man and the environment, in addition to recommendations on possible
remedial actions, should be presented by IAEA to the Consultative Meeting of LC-72 in 1996.

The bilateral co-operation between Norway and Russia to investigate the consequences of
dumping of radioactive waste in the northern seas has demanded considerable economic,
scientific, diplomatic and administrative recourses. The results of our efforts will be
presented at this conference. It is my impression that we now have a broad scientific
foundation which is internationally accepted as basis for future work in this field. Uncertainty
and speculations are now replaced by solid, scientific knowledge. I appreciate very much the
openness and positive attitude shown by Russian authorities during this co-operation. I would
like to express my sincere hope that the same atmosphere of openness and willingness to
come up with scientific data as background for future measures, will finds its follow up in
other areas of co-operation as well. This collaboration will in my opinion reduce speculation
and unfounded proposals and increase the confidence in thorough and systematic scientific
based work.

Another area of co-operation which is developing in a constructive way is the bilateral efforts
undertaken by Norwegian and Russian authorities to evaluate future risks of leakage of
radionuclides from different facilities in the Majak area through the river systems and into the
Arctic seas. Results of the first of those co-operation will also be presented at this conference,
and I strongly support a follow up of this important work which also will give us better
knowledge of future threats to the northern seas and a scientific background for possible
measures.

So far, much of our attention has been on the dumped radioactive waste. Due to the
investigations already mentioned, source of the initial uncertainty has now been removed.
Thus, along with the changing political climate and extended bilateral co-operation, more of
our attention has been directed towards the civil and military nuclear sources in north-west
Russia. There are today several sources of possible radioactive contamination of the northern
areas where the lack of official information from Russian authorities makes it very difficult to
assess future risks. I am in particular referring to the great number of reactors in
decommissioned submarines and storage of radioactive waste located at several bases and
shipyards on the Kola peninsula and in the Arkhangelsk/Severodvinsk area.

Last year the Norwegian Government presented a white paper to the Storting on «Nuclear
activities and chemical weapons in areas adjacent to our northern borders». The report has
identified four major problems, two of them which particular relevance to this conference.
One is focusing on the unsatisfactory management and storage of spent fuel and radioactive
waste. The second deals with the dumped radioactive waste and the

input to the Arctic Seas from Russian rivers. The Government's plan of action, with the
implementation of the report, was presented this spring.



Even though Norway, as a non-nuclear state, recognises the need for a heavy involvement in
these problems, we are simultaneously preoccupied with the question of placing responsibility
for remedial actions. It is our view that each country is ultimately responsible for the safety of
its nuclear facilities and for solving the problems resulting from their operation.

We do, however, recognise that the present economic situation in the Russian Federation
makes it difficult for the authorities to fulfil their responsibilities in dealing adequately with
nuclear safety and the nuclear waste problem. Thus we see the need to mobilise the
international community in order to co-operate with Russia during a difficult transition phase.
The Vienna seminar: «International co-operation on nuclear waste management in the Russian
Federation)), held this May under the auspices of the IAEA, was a step in the right direction.

During this week an extensive amount of scientific data will be presented to us. The next
challenge, as I see it will be, together with the responsible Russian authorities, to identify
necessary remedial actions in areas of common interest based on this information. Working
within the framework of the Barents Council and our bilateral co-operation, as well as in a
wider Arctic co-operation under the Arctic Environmental Protection Strategy we need to see
practical results in the near future. These questions are of course also looked into by AMAP
and will be addressed in AMAP's report to ministers, and also by the Working Group on
Protection of the Arctic Marine Environment (PAME). These issues have been, and will
continue to be given the highest priority from the Norwegian Government.

Your conference will strengthen the basis for a safe management of the Arctic
environment to the benefit to all its neighbouring countries and to mankind as a whole. I wish
you good luck with the conference and the important work you are doing, and I hope you will
have a interesting stay here in Oslo, both professionally and otherwise.



Chairman's opening remarks at the second International Conference
on Environmental Radioactivity in the Arctic
by
Per Strand
Norwegian Radiation Protection Authority

It is a great pleasure to see so many people here today on the first day of the Second
International Conference on Environmental Radioactivity in the Arctic. Almost 170
people from 18 nations will attend the conference. Additionally, many international
organisations and bodies are represented, such as the International Atomic Energy
Agency (IAEA), the European Commission and the Arctic Monitoring and Assessment
Programme (AMAP).

Two years have passed since the First International Conference on Environmental
Radioactivity in the Arctic and Antarctic was held in Kirkenes. A major reason for
inaugurating this series of conferences was the great uncertainty surrounding the degree
of existing contamination, the nature of sources and also the potential for future
contamination and possible effects on the environment and its inhabitants. That first
conference was the first major gathering to address issues of radioactivity in the Arctic
and northern areas on a broad front. This encompassed all sources which contributed to
the distribution of radioactivity in all components of this ecologically sensitive
environment. Such sources occur both within and far beyond the Arctic. Therefore a
second major reason was the need to improve understanding of the behaviour and
transfer of different radionuclides in this unique environment so that an impact
assessment could be performed on the best possible scientific base. Such an assessment is
essential for prompting the correct action to reduce risk.

There remains great uncertainty and concern over the issue of radioactive contamination
and the possible nuclear threat in northern areas. This uncertainty includes concern over
handling of nuclear waste, the safety of nuclear installations, consequences of nuclear
weapons explosion and possible accidents with nuclear weapons and nuclear powered
vessels. I believe that this concern exists in the general population, as well as in the
scientific community and among the different national authorities. The focus of this
worry is in many cases connected to the potential consequences of operational or
accidental scenarios from the radioactivity sources which are present in the northern
areas. The lack of an overall impact and risk assessment is a major concern. However
there remain also some areas of uncertainty in connection with the present radioactivity
contamination in the area.

The conference in Kirkenes addressed many of this questions for the first time, but much
research was in its early stages. However, the conference made possible the opportunity
for a considerable exchange of information and helped enable a more co-ordinated work
strategy to develop. In the time which has past very much work has been performed in



many countries, through bilateral and international co-operatiom Results from many of
these programmes will be reported during this conference.

The joint Norwegian-Russian Environmental Commission is represented by the joint
expert group for radioactive contamination in the northern areas and is now in a position
to report the work from its first phase 1992 to 1995. This work has been in close co-
operation with the IAEA International Arctic Sea Assessment (IASAP) Project which was
in fact launched in this meeting room in February 1993. The IASAP programme will
also during this conference present results from its' extensive work. It is also very good
to see so many representative from different Russian institutes and authorities, both
civilian and military. The openness from the Russian side is of great importance in the
work which has to be done in assessing the situation in the arctic. The United States has
been active through the US Arctic nuclear waste assessment programme, and it is with
great pleasure that so many from this programme could participate. I would also like to
mention the AMAP which involves all the Arctic countries (USA, Canada, Iceland,
Denmark, Norway, Sweden, Finland and Russia with the UK, Germany and Netherlands
as observers). AMAP has an overall task to integrate much of the work performed by
international and national programmes into a broad overall assessment. I very much
hope that this conference will provide further opportunity to exploit the good contact
between this programme and work performed in the different nations.

There is considerable international awareness of the need to tackle uncertainties and
problems related to the radioactivity issue in northern areas. However, to improve
knowledge of contamination, identify and reduce threat and possibly effect remediation
may need enormous resources. To achieve this international co-operation is an
important supplement to the responsibilities of different individual countries. However it
is also necessary to prioritise financial resources on the basis of cost benefit analyses for
different actions. In the end these are political decisions but the decision making process
will be greatly assisted by the availability of advice based on sound scientific work
connected to impact, risk assessment and possible countermeasures.

Two great challenges are involved in the production of a risk and impact assessment that
is useful for effective decision making, with regard to implementation of measures which
effectively reduce risk. From this it would be possible to identify how joint and national
efforts could most effectively be directed. The first challenge is to gather detailed
information about the sources which may present a potential threat to man and the
environment in the future . Many of these sources are the legacy of the cold war and
military activity in this area. The quality of current information on these sources is
variable, from good to not so good. However the scientific community has been shown
more and more openness from the military community and hopefully with this improved
co-operation it will be possible to make a good assessment of the situation. The other
challenge is to understand more clearly the transport and behaviour of radioactive
contaminants through the different components of the arctic and northern ecosystems.
Investigations conducted following nuclear weapons testing provided scientific
knowledge about their consequences but the environmental behaviour of contaminants
released from other sources, or in other situations may be less well understood and offer
new challenges.



I do hope that the conference will identify important topics for future scientific work
and provide information about sources in the Arctic and Northern areas which could
contribute to an overall impact and risk assessment and effective risk reduction for all the
sources in the Arctic and Northern Areas.
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Opening remarks at the Second International Conference on Environmental
Radioactivity in the Arctic from the Arctic Monitoring and Assessment Programme
(AMAP)

by

Lars-Otto Reiersen
Executive Secretary, AMAP

The Arctic Environment is not only threatened by radioactivity, but also other pollutants as:
persistent organics, heavy metals, acidifying gases and oil. Some of these components are
long range transported pollutants while others are released within the Arctic area. In addition
global changes in temperature and UV are threatening the Arctic environment.

Four years ago this situation was presented to the Ministers from the eight Arctic countries
(Canada, Denmark, Finland, Iceland, Norway, Russia, USA & Sweden) that are responsible
for the environment. At a Ministerial conference in Rovaniemi, Finland in June 1991, they
agreed upon an Arctic Environmental Protection Strategy the AEPS.

As a part of this strategy the Arctic Monitoring and Assessment Programme (AMAP) was
initiated with the objectives to:

- Monitor levels, trends and biological effects of pollutants, including on humans.
- Assess the state and changes of the Arctic environment with regard to pollution and climate.
- Document major sources and preocesses important for the transport, precipitation and
accumulation of pollutants.

Since then AMAP has developed a monitoring and assessment strategy that covers:
atmosphere, freshwater, terrestrial and marine environment, and human health. First priority
has been put on: Persitent organics, heavy metals, radionuclides and acidifying components.
Harmonization of existing national programmes and initiation of new national and bilateral
programmes have been performed. The area of main interest for the AMAPs assessment is
shown on the next overhead.

A close cooperation have been established among research institutes, agencies and
international organization as the IAEA, to achieve the best possible coordination of work and
to avoid duplication. At present there are more than 10 international initiatives that focus on
the Arctic environment, and the chance for duplication of work is high. AMAP has tried to
coordinate its effort with several of these initiatives.

More than 500 National programmes have been reported to the AMAP Project Directory
with a specification of the content, location of sampling, methodologies etc. Based on the
inputs to the AMAP PD the next overhead gives an idea of stations from where samples have
been taken to be analysed, e.g. of water, sediment, fish and even humans.

The AMAP assessment shall be presented to the Ministers in 1997. Assessment groups have
been established to cover the different pollutants. Not only scientists from the eight Arctic
countries participate in this work, but also experts from observing organizations and
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countries as the IAEA, UN ECE, Germany and the Netherlands. Representatives of
indigenous organizations are also represented in some of these expert groups.

The conference that starts here today has been arranged in such a way that the outcome
should contribute to the AMAP assessment work. This week we will hear the first
presentation of results from some of the programmes that are part of AMAP. The strategy
for the AMAP assessment will be presented to you later today by Dr Mike Bewers from
Canada, so I will not go into any detailed description of that. What I like you present to you
is the Thematic Data Centres (TDC's)that have been established to assist the experts in
evaluating results made available to the AMAP assessment.

The Objectives for the AMAP TDC's are:
- to provide access to data from recent monitoring and research projects.
- ensure treatment of data in a consistent manner, e.g. statistic analyses and quality control,
- long-term archive of Arctic data for future assessment.
- to meet the terms of reference from the Ministerial declaration, requesting AMAP to
establish database on sources, types and levels of radionuclide contamination of the Arctic
and northern environment.

AMAP has established four TDC's
- Atmospheric data at N1LU (Norwegian Institute of Air Research), Lillestram,
- Marine data at ICES (International Council for Exploration of the Sea), Copenhagen,
- Freshwater data at FWI-DFO (Freshwater Institute), Winnipeg,
- Radioactive data at NRPA (Norwegian Radiation Protection Authority), Oslo.

The TDC for Radioactivity is established in a close cooperation between Institutes in Russia,
USA and the International Atomic Energy Agency (IAEA), and is funded by Norway and
USA.

So far AMAP has succeeded to perform several cruises and expeditions that are monitoring
actual levels in different parts of the environment. Not surprisingly - the biggest problem has
been to achieve information about actual and potential sources - since many sources are
linked to military activities. We are, however, continuously working with this problem using
different channels and contacts. During this conference this week we hope to receive some
new data and evaluations regarding actual and potential sources.

AMAP shall not only monitor and assess the situation, but we have also been asked to
present recommendation to actions that can improve the environmental condition where
necessary and reduce the threat. Some of the actions will have to taken within Arctic
countries by reducing discharges, improve handling of waste and start cleanup operations,
other actions have to be international agreements, e.g. protocols to reduce use and emissions
of persistent organics, heavy metals and gasses.

As a part of remedial actions AMAP has been asked by the Nordic Ministers through
the Nordic Environmental Financial Corporation (NEFCO) to select - based on
environmental situation and threats - 10-12 pilot projects in North West Russia that can be
implemented within 2-3 years and that can improve the situation. One of the areas of interest
is handling of radioactive waste A special expert group on radioactivity has been established
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by experts from military and civil organizations in Russia and Norway. They have performed
field visits to Murmansk and Arkhangelsk area and they are attending this meeting. During
this week I hope that this group can succeed to prepare a detailed list that we can present to
NEFCO. A more detailed technical and financial evaluation will then be performed later this
autumn.

I hope ladies and gentlemen that I have succeeded to give you a short overview of the task
that the Ministers have asked AMAP to fulfill. As you understand from my introduction
AMAP has great expectations to this conference - the presentations and the discussions that
will take place. It is therefore I wish all of you good look and success with the hard work
you will do here in Oslo
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AMAP Station locations
Marine Subprogramme - point stations and areas

Projection: Lambert Azimuthal - Equal area. Source: AMAP Project Directory v.2.4.
Compitod by QRID-Arandal 14/2-1995.
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International Arctic Seas Assessment Project (IASAP)

KIRSTI-LIISA SJOEBLOM, GORDON S. LINSLEY

International Atomic Energy Agency, Division of Nuclear Fuel Cycle and Waste
Management
A-1400, Vienna, Austria

INTRODUCTION

The purpose of this paper is to give an overall view of the International Arctic Seas
Assessment Project (IASAP) and to describe progress in the working areas which are not
covered by other presentations at this meeting.

The IASAP project was initiated in 1993 to address concerns about the possible health and
environmental impacts of radioactive wastes dumped in the shallow waters of the Arctic seas
by the former Soviet Union. The project is being executed as a part of the IAEA's
responsibilities under the Convention on the Prevention of Marine Pollution by Dumping of
Wastes and Other Matter (London Convention 1972). The results and conclusions of the
project are expected to be reported to the London Convention in late 1996.

The objectives of the project are: (i) to assess the risks to human health and to the
environment associated with the radioactive waste dumped in the Kara and Barents Seas; and
(ii) to examine possible remedial actions related to the dumped wastes and to advise on
whether they are necessary and justified. The project is organized in five working areas:
source terms, existing environmental concentrations, transfer mechanisms and models, impact
assessment and remedial measures. Progress made in all working areas of IASAP is reviewed
each year by a group of senior scientists (IASAP Advisory Group Meeting).

BACKGROUND ON THE DUMPED WASTES

In May 1993, the Russian Federation provided information to the IAEA about the high and
low level radioactive waste dumped in the Arctic Seas and in the North-East Pacific during
the years 1959-92 (Info May 21, 1993). According to this information the total amount of
radioactivity dumped in the Arctic Seas was more than 90 PBq. From the viewpoint of
potential hazards to health, the most important items dumped are the six nuclear submarine
reactors containing fuel and a shielding assembly from an icebreaker reactor which also
contains fuel. Together they comprise a total activity of 85 PBq. Ten other reactors without
fuel together contain 3.7 PBq. The nuclear reactors were dumped in the shallow bays of
Novaya Zemlya, where the depths of the dumping sites range from 20 to 50 m and in the
trough of Novaya Zemlya, at a depth of 300 m (Fig. 1).
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EVALUATION OF THE CURRENT ENVIRONMENTAL SITUATION

The Joint Norwegian-Russian Expert Group arranged exploratory cruises to the dumping
areas, with the participation of a scientist from IAEA-Marine Environment Laboratory (IAEA-
MEL), in 1992, 1993 and 1994. All of the four sites where spent nuclear fuel was dumped
have been visited by the cruises of the expert group, but only some of the reported dumped
objects have yet been successfully localized. During the cruises, samples were taken, direct
measurements were made and the objects were examined using side scanning sonar and video
cameras. The results obtained during the cruises show that there is only low level localized
contamination in the vicinity of the dumped wastes. At the present time, the wastes are not
giving rise to significant radiological or environmental risks (Foyn and Nikitin, 1993; Foyn
and Nikitin, 1994; N-R Expedition, 1993; Baxter, Hamilton, Harms, Osvath, Povinec and
Scott, 1993). However, the gradual deterioration of the waste containments could lead to
impacts in the future. Also, since the wastes are lying in shallow waters, the possibility of
movement and transport of the waste packages by natural events (e.g. scour of sand by bottom
currents), or human actions cannot be ruled out. The timescales for consideration are very
long (up to tens of thousands of years) and the possible impact of climatic change has
therefore also to be taken into account.

Techeniye Fjord
1988
2 reactors without fuel

Kara Sea
1972
reactor with fuel

Tsivolky Fjord
1967
3 reactors without fuel
shielding assembly
with 60% of fuel

Stepovoy Fjord
1981
2 reactors with fuel

Abrosimov
1965-1966
3 reactors
5 reactors

Fjord

with fuel
without fuel

Figure 1. Dumping sites of the nuclear reactors.
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PROGRESS IN THE ASSESSMENT PROGRAMME

Source terms
A Source Term Working Group was established to determine the information needed about
the waste for use in impact assessment calculations. This involves obtaining detailed
information on the radionuclide inventory and on the form of wastes and predicting the likely
behaviour of the wastes as a function of time in the marine environment.

The information on the dumped waste provided by the Russian Federation in May 1993 did
not include data on the radionuclide composition nor on the characteristics of the fuel in the
different types of dumped reactors. For both impact assessment purposes and evaluation of
the feasibility of possible remedial measures it is also necessary to have information on the
protective barriers provided for the dumped reactors prior to dumping. In order to obtain all
of this information it has been necessary to investigate the archives of the former Soviet
Union.

As the first step, in January 1994, a nuclide by nuclide inventory of the commercial nuclear
icebreaker "Lenin" was obtained (Sivintsev, 1994) (OK-150 in the Table), together with
information on the structure of the dumped reactor containment. In July 1994, the Russian
authorities declassified essential details of the structure, operational history and characteristics
of the fuel of the dumped submarine reactors. This meant that the radionuclide inventories of
the lead/bismuth-cooled submarine reactors (No. 601) (Yeflmov, 1994) and the water-cooled
submarine reactors (No's 254, 260, 285, 421, 538 and 901) (Sivintsev, 1994) could be made
available to IASAP. The total activity of the dumped reactors at the time of dumping is now
estimated to be 37 PBq; the first estimate provided in May 1993 by the Russian Federation
was 89 PBq. Due to radioactive decay, the total activity of the dumped reactors at the present
time is not more than 4.7 PBq (Table 1). Fig. 2 illustrates the development with time of the
total amount of dumped radioactivity, taking into account radioactive decay. The maximum
peak of radioactivity of the dumped material, 25 PBq, was reached in 1967, when the fuel
assembly of one of the reactors of the icebreaker "Lenin", containing part of the spent fuel,
was dumped.

25 r

1960 1970 1980 1990 2000

Figure 2. Development with time of the total amount of dumped radioactivity.
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On the basis of an analysis of the weak points of the protective barriers provided for the
reactors and the fuel assembly of the icebreaker "Lenin", the Source Term Working Group
has prepared sets of possible time patterns for radionuclide release and release rates (J.
Warden et al., this conference).

Table 1. Data on the dumped nuclear reactors.

Silc

Abrosimov Fjord

Tsivolka Fjord

East Novaya
Zemlya Trough

Stepovoy Fjord

Techeniye Fjord

Total

Year of
dumping

1965

1966

1967

1972

1981

1988

Depth of
dumping

a

20 (10-15)
20(10-15)

20
20

50

300

50 (30)

35-40

F:ictoiy
number

(No. 285)
(No. 901)
(No. 254)
(No. 260)

(OK-150)

(No. 421)

(No. 601)

(No. 538)

Dumped unit

Reactor compartment
Reactor compartment
Reactor compartment
Reactor compartment

Reactor compartment
and a box containing

fuel

Reactor

Submarine

Reactors

Number of reactors

Without
spent
nuclear
fuel

1

2

2

3

-

-

2

10

Containing
spent nuclear
rue]

1
2

0.6

I

2

-

6.6

Total activity PBq

Initial
l):ita
(White
Book)

At the
time of
dumping

29.6
14.8
b
b

b
3.7

29.6

7.4

b

89

Further Studies
(IASAP)

At the
time of
dumping

11.6
2.95
0.093
0.044

19.5

1.05

1.72

0.006

37

1993/94

0.655
0.727
0.009
0.005

2.2

0.293

0.838

0.005

4.7

a Depths from White Book, those in brackets from Norwegian-Russian Cruises.
b Reactors without spent fuel, not more than 3.7 PBq total.

Existing environmental concentrations
Information on the levels of radioactive contamination in the target area and other areas of
the Arctic seas is being collected as input to the Global Marine Radioactivity Data Base
(GLOMARD) organised by the IAEA-MEL (I. Osvath et al., this conference).

Transfer mechanisms and models
A Co-ordinated Research Programme (CRP) entitled "Modelling of the radiological impact
of waste dumping in the Arctic Seas" has been established with the objectives of developing
realistic and reliable assessment models for the Arctic Sea areas and of coordinating the
efforts of different laboratories in the field. Together nine laboratories including the IAEA-
MEL are participating in the modelling programme (M. Scott et al., this conference).

Impact assessment
Impact assessment calculations will be carried out on the basis of the concentration fields to
be predicted by the modelling programme and using appropriate environmental transfer factors
and demographic data. Predictions of future radiation doses, individual and collective, for
local, regional and global populations will be calculated on the basis of 'best estimate' and
'worst case' release scenarios produced by the Source Term Working Group, taking into
account both the average consumers and those individuals whose diet consists of considerable
amounts of seafood. The assessments will also include estimates of radiation dose to local
fauna such as marine mammals.
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Remedial measures
The Contracting Parties to the London Convention requested the IAEA to examine possible
remedial actions in relation to the dumped wastes and to consider their feasibility.

Within the limited timeframe of IASAP project it is not possible to undertake detailed
evaluations of all possible remedial options and sources. Instead, a preliminary evaluation of
the engineering feasibility and costs associated with five remedial options will be carried out
for selected waste sources. The options are:

1. Injection of material into a dumped object to reduce corrosion and to provide
additional barriers to radionuclide release;

2. Capping of an object in situ using concrete or other suitable material;
3. Recovery of an object to a land environment (i.e., delivery to a port or harbour on

Novaya Zemlya) in a structurally sound and suitably preserved form for subsequent
disposal in a deep land repository for high-level radioactive waste;

4. Creation of an underwater cavern for the isolation of dumped sources on the coast of
Novaya Zemlya; and

5. Recovery and underwater shipment for relocation in a deep ocean site.

The feasibility of these various options is highly dependent on the structural integrity of the
individual sources. Disturbing an object which has suffered sufficient external and internal
corrosion to be in a very weak state of engineering integrity is likely to create the risk of a
major structural failure and enhanced releases of radionuclides. On the other hand, an object
that has maintained its structural integrity is amenable to a wide range of remedial options.
Before an option is adopted it must be shown that it is likely to yield a net benefit in terms
of the radiation doses averted when compared with the option of leaving the wastes as they
are. It is, however, recognized that there are other, non-radiological factors, psychological,
social and political, to be taken into account in making decisions on remediation.

The IASAP project can only address technical aspects such as the engineering feasibility and
the radiological implications of different options; it can provide the technical basis for
deciding whether particular remedial actions are appropriate or not, but the decision itself
must be taken by relevant national authorities.

PRODUCTS OF THE PROJECT

During the first two years of the IASAP project, a considerable amount of new information
has been produced and published as IASAP working documents (Sivintsev, 1994; Yefimov,
1994; Sivintsev, 1994; Pavlov, 1994; Ivanov, 1994; Sazykina and Kryshev, 1994; IASAP
Benchmark, 1994). Tens of experts from 15 countries and several international organizations
are involved in the different Working Groups and Advisory Group Meetings of the project.
It is planned that in addition to the report to the London Convention, which will be prepared
by the Advisory Group, detailed technical reports covering the work of all areas of the IASAP
will be produced.

19



ACKNOWLEDGEMENT

The US Government is acknowledged for continuous financial support to this assessment.

REFERENCES

Info May 21, 1993. Official Information supplied to IAEA on 21 May 1993 by the Russian Federation in
accordance with the request of the 15th Consultative Meeting of Contracting Parties to the Convention
on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter.

Foyn, L. , Nikitin, A., 1993. The joint Norwegian/Russian expedition to the dump sites for radioactive waste
in the open Kara Sea, the Tsivolki Fjord and the Stepovogo Fjord, September-October 1993, Report
from the expedition on board R/V Viktor Buinitsky with some preliminary results.

Foyn, L. , Nikitin, A., 1994. The joint Norwegian/Russian expedition to the dump sites for radioactive waste
in the Abrosimov Fjord and the Stepovogo Fjord, August-September 1994, Report from the expedition
on board R/V Viktor Buinitsky with some preliminary results.

Norwegian-Russian Expedition, 1994. Joint Norwegian-Russian Expert Group for Investigation of
Radioactive Contamination in the Northern Areas, Radioactive Contamination at Dumping Sites for
Nuclear Waste in the Kara Sea, Results from the Russian-Norwegian 1993 expedition to the Kara Sea.

Baxter, M.S., Hamilton, T.F., Harms, I., Osvath, I., Povinec, P.P. and Scott, E.M., 1993. IAEA Programmes
Relevant to the Radioactive Waste Dumped in the Arctic Seas: Part 2: Projects at the IAEA Marine
Environment Laboratory. In: P. Strand and E. Holm (Eds.): Environmental Radioactivity in the
Arctic and Antarctic, 0steras, 1993.

Sivintsev, Y., 1994. Study of the Nuclides Composition and Characteristics of the Fuel in Dumped
Submarine Reactors and Atomic Icebreaker "Lenin", Part 1 - Atomic Icebreaker, IAEA-IASAP-1,
Working Document of the International Arctic Seas Assessment Project.

Yefimov, E., 1994. Radionuclides Composition, Characteristics of Shielding barriers and Analyses of Weak
Points of the Dumped Reactors of Submarine N. 601, IAEA-IASAP-6, Working Document of the
International Arctic Seas Assessment Project.

Sivintsev, Y., 1994. Study of Nuclides Composition and Characteristics of Fuel in Dumped Submarine
Reactors and Atomic Icebreaker "Lenin", Part 2 - Nuclear Submarines, IAEA-IASAP-5, Working
Document of the International Arctic Seas Assessment Project.

Pavlov, V.K., 1994. Oceanographical Description of the Kara and Barents Seas, IAEA-IASAP-2, Working
Document of the International Arctic Seas Assessment Project.

Ivanov, V., 1994. Sedimentological Description of the Kara and Barents Seas, IAEA-IASAP-3, Working
Document of the International Arctic Seas Assessment Project.

Sazykina, T.G. and Kryshev, I.I., 1994. Provision of site specific input data for and assessment of
radiological impact of waste dumping into the Barents and Kara Seas, IAEA-IASAP-4, Working
Document of the International Arctic Seas Assessment Project.

I ASAP Benchmark, 1994. CRP on Modelling of the Radiological Impact of Radioactive Waste Dumping in
the Arctic Seas, Benchmark Scenario, IAEA-IASAP-7, Working Document of the International
Arctic Seas Assessment Project.

20



NO9700003

DOD/ONR Arctic Nuclear Waste Assessment Program

LCDR Robert Edson

Office of Naval Research, Arlington, VA

Abstract

The Arctic Nuclear Waste Program (ANWAP) was initiated in 1993 as a result of
congressional concern over the disposal of nuclear materials by the former Soviet Union into
the Arctic marine environment. The program is part of the larger DOD cooperative Threat
Reduction (CTR) Program. Specific management of ANWAP is conducted by the Ocean,
Atmosphere and Space Modeling and Prediction Division of the Office of Naval Research.

ANWAP is specifically aimed at addressing the following questions:

1) What is the magnitude and location of the radioactive waste which has entered
into the Arctic marine environment;

2) How is radioactive contamination transported about the Arctic basin and what are
the present levels away from the various contamination sources; and

3) What is the risk to the environment and to human health as a result of this
radioactive contamination.

The program is comprised of approximately 70 different projects conducting research of all
types; field surveys, laboratory experiments, modeling studies and archival data analysis. The
investigators include contractors, academic institutions, government laboratories and agencies,
and foreign institutions. Of particular emphasis is an attempt to include Russian institutions in
this research program. To date approximately ten percent of the funds has gone to Russia
institutions for research or logistical support. Additionally, ANWAP has strong linkages and
collaborations include the IAEA International Arctic Seas Assessment Program and the Arctic
Environmental Protection Strategy - Arctic Monitoring and Assessment Program.

The major conclusion from the research to date is that the largest signals for region-wide
radionuclide contamination in the Arctic marine environment appear to arise from the
following:

1) atmospheric testing of Nuclear weapons, a practice that has been discontinued;
2) nuclear fuel re-processing wastes carried in the Arctic from re-processing facilities

in Western Europe, and
3) accidents such as Chernobyl and the 1957 explosion at Chelyabinsk-65
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The order listed above represents the relative magnitude of the contribution to the
contamination from each source. Because the signals from 1 and 2 have decreased with time,
region-wide concentrations of radionuclides in the water column and in surface sediments
appear to have decreased significantly from their peak levels. Overall, levels of radionuclide
activity in the Arctic and Pacific regions are low. So far, the Yenisey and Ob rivers appear to
have had only a modest impact on radionuclide levels in the Kara Sea and the Arctic Ocean
region in general, However, local sites of elevated radionuclide concentration arising from
FSU dumping and weapons testing have been identified in the Kara Sera region.

While initial results are encouraging there still exists scientific issues which must be
addressed. Sediment and sea ice processes which affect contaminant transport; data from
winter periods; watershed and river transport of contaminants; and other unique processes in
the Arctic remain to be investigated. Additionally, quantification of the terrestrial source term
and its impact on the marine environment is just beginning. The final result of ongoing
research as well as the new initiatives addressing this issues will be a formal, integrated risk
assessment.
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RADIOACTIVITY ASSESSMENT
IN THE ARCTIC MONITORING AND ASSESSMENT PROGRAMME

J. Michael Bewers and Per Strand

This document describes the background, methods and content of the
radioactivity section of the "State of the Arctic Environment Report" being
prepared under the auspices of the Arctic Monitoring and Assessment
Programme pursuant to the International Agreement on the Arctic
Environmental Protection Strategy.

Background

At the first Ministerial Conference on the Arctic Environmental Protection Strategy (AEPS), held
in Rovaniemi, Finland in June 1991, the Ministers of the eight Arctic countries [Canada,
Denmark (for Greenland), Finland, Norway, Sweden, Russia and the United States (for Alaska)]
committed themselves to the establishment of the Arctic Monitoring and Assessment Programme
(AMAP) to measure and assess the presence and effects of contaminants in all compartments
of the Arctic Environment. AMAP was asked to prepare regular "State of the Arctic
Environment" Reports (SOAER). The first such assessment, currently referred to as the "AMAP
Arctic Assessment Report" (AAR), is presently being prepared for presentation to the Ministers
of the eight Arctic countries in 1996.

Definition

The definition of assessment adopted by the AMAP Working Group responsible for overseeing
the preparation of the SOAER is drawn directly from the "Guidelines for Marine Environmental
Assessments" published by the United Nations Agencies Joint Group of Experts on the Scientific
Aspects of Marine environmental Protection (GESAMP) (GESAMP, 1994):

An assessment is a compilation of current knowledge about a defined area, an evaluation of
this information in relation to agreed criteria of environmental quality, and a statement of the
prevailing conditions in the area. It should be stressed of the outset that an assessment
utilizes accumulated data and information and does not necessarily require any new data to
be collected during the assessment process.

This report further states: "An assessment should be regarded by the managers and scientists as a
normal part of the environmental protection process at national, regional and other international
levels. If (regional marine) assessments are prepared in a systematic and uniform manner, they
provide a mechanism for inter-comparisons of regional environmental conditions and for assessing
the nature and extent of anthropogenic influences on larger scales (e.g. global)."

Purpose

The "Guidelines for the AMAP Assessment" (AMAP, 1995) also assumes GESAMP's (1994)
explanation of the purposes and value of assessments:

"Comprehensive assessments of regional areas are potentially useful to both managers and
scientists in the following ways:

• providing a concise summary of contemporary knowledge and necessary management
action;
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• enabling the identification of significant gaps in knowledge and, accordingly, providing
an authoritative basis for defining priorities for future scientific and other
investigations;

• providing a basis for judging the effectiveness and adequacy of environmental
protection measures and for making necessary adjustments."

GESAMP (1994) further noted that". . . a regional assessment can be regarded as both a
process (Le., the procedure by which the information is collected and evaluated) undertaken
periodically to assess the state of knowledge, and a product (Le., a document presenting and
synthesizing information, the findings of the assessment and an action plan for future work)."

Accordingly, the AMAP Assessment Guidelines (AMAP, 1995) state:

"In the context of the requirements of the Rovaniemi Agreement to the AMAP, the
AMAP Assessment is both a process and a product that is intended to accomplish the
following:

1) Summarize and analyze the contemporary state of knowledge of the sources, levels,
distributions, trends, fate and effects of contaminants and other anthropogenic influ-
ences on the environment and human health;

2) Assess the relative magnitude of damage and threats to the environment and human
health based on existing information;

3) Recommend actions to reduce assessed damages and threats;

4) Identify deficiencies and gaps in information and data required to improve the
reliability of evaluations of such damage and threats that would warrant rectification
through further scientific and social studies."

Other Considerations

The primary consideration is that the radioactivity assessment be carried out wholly on the basis
of sound scientific and technical considerations. This does not preclude the introduction of policy
and social considerations when drawing final conclusions from the assessment but this should not
be done before the scientific and technical elements of the assessment have been completed. The
same argument is applicable to all the various assessments included in the Arctic Assessment
Report. If objective decisions are to be reached regarding the nature and priorities for further
policy, management, and scientific action, among the primary aims of the Arctic Assessment
Report, it is essential that all individual subject assessments be prepared on a common and
objective scientific basis. This then permits commonalities and priorities for further action to be
identified and judged from a uniform social and political context. Injection of policy perceptions
at a lower level in the assessment process significantly endangers the reliability and efficacy of
any additional regulatory measures recommended on the basis of the assessment.

Geographical Area Covered by the AMAP Assessment

In defining the subject area it was recognized that different definitions of the Arctic are
employed within different disciplines and that a particular definition applicable in one sub-region
may not be appropriate in some other sub-region. Consequently, some flexibility was required
in the definition of the Arctic for the purposes of geographical coverage. Nevertheless, the
following general definition of the Arctic area to be covered by the assessment was agreed.
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The southern boundary of the Arctic circle and 60 degrees North with the following
modifications:

In the North Atlantic, the southern boundary will follow the definition of
OSPARCOM (the Oslo and Paris Commissions), with the western boundary being
extended from Cape Farewell to the southern limit of Labrador. In the terrestrial
environment, the southern boundary in each country will be as determined by that
country, within the constraints of the Arctic circle and 60 degree north. In the Bering
Sea area, the southern boundary will be the Aleutian chain. The Hudson Bay and the
White Sea will be considered to be part of the (Arctic) area to be included in the
assessment.''

It was further noted that, for some items of concern, the AMAP Assessment will cover areas
further south of the boundary so defined.

Layout and Content of the Radioactivity Chapter of the Assessment

The sequence of topics covered by the radioactivity assessment is indicated by the following table
of contents of the radioactivity chapter.

7.1. Introduction
Nature and contents of radiological assessments
Subject of radioactivity
Procedures and terminology used in the assessment

7.2. Sources of radionuclides in the environment
Natural radiation
Anthropogenic sources of radionuclides

7.3. Levels and distributions of radionuclides
7.4. Radiological assessment

The basis for, and conduct of, radiological assessments
Individual-related assessments
Source-related assessments

Nuclear installations including fuel reprocessing operations
Chernobyl accident,
Thule nuclear weapons accident.
Other sources

7.5. Radiological sensitivity of the Arctic Region relative to other regions.
The basis for intervention.

7.6. Conclusions and recommendations.

Contemporary Status of the Assessment Chapter on Radioactivity

The Radioactivity Chapter is being prepared by a team of key national experts co-chaired by Per
Strand (Norway) and Michael Balanov (Russia) comprising: Mike Bewers (Canada), Asker
Aarkrog (Denmark), Anneli Salo (Finland), Hartmut Nies (Germany), Yuri Tsaturov (Russia)
and Bill Templeton (U.S.A.).
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Early effort was devoted to drafting the Introductory Section (7.1) and assembling individual-
related assessments for the arctic populations of the countries concerned. The latter required
information both on the presence of radionuclides in foodstuffs and diets of indigenous
population groupings. These elements of the Radioactivity Section are now well in hand. The
source-related assessments are next to be drafted. These are being based, in large part, on
assessments either conducted in conjunction with the AMAP programme, under separate national
auspices such as those for the Thule plutonium spill and for nuclear fuel reprocessing
installations, or by other international agencies such as the International Arctic Seas Assessment
Project of the International Atomic Energy Agency. The entire document is scheduled for
completion in draft form in April 1996. Effort will then be devoted to editing and review before
the entire section is made available for incorporation into the AMAP Arctic Assessment Report.
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Radioactive contamination in the environment of the nuclear
enterprise "Mayak" PA.

Results from the joint Russian-Norwegian field work in 1994.
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The nuclear enterprise "Mayak" PA
The "Mayak" Production Association is located outside the town Ozyorsk (until recently called
Chelyabinsk-65) between the cities Yekaterinburg and Chelyabinsk just east of the Urals mountains.
"Mayak" PA was the first plant in the former Soviet Union established for production of nuclear
weapons material, and the operation was started in 1948. The plant had five special nuclear reactors
for production of plutonium-239 and a facility for separation of the plutonium as weapons material.

Very large quantities of radioactive waste (76 million m3) were however the result of this production,
and a total of 100 PBq (2.7 MCi) of liquid waste was discharged directly into the nearby river Techa
during the years 1948-56 (about 95% in 1950-51). Radioactive waste has since 1951 mainly been dis-
charged into Lake Karachay, a lake with no outlet, in a total quantity of about 4440 PBq (120 MCi)
until now. The annual discharge is now reduced to about 10 PBq (0.3 MCi) (Glagolenko, 1995; Maly-
shev, 1995; Romanov, 1995]. Spring flooding has also contaminated large parts of the swamp areas
(Asanov Swamps) along the river banks of upper Techa. Some of of the discharged radioactivity,
especially mobile radionuclides as '"Sr, was subsequently carried by the water more than 2000 kilo-
metres downstream from Techa via the river system Iset, Tobol, Irtysh and Ob into the Kara Sea.

Between 1951 and 1966, a system of dams along the upper part of Techa was constructed in order to
retain most of the radioactivity, creating several artificial water reservoirs along the old river bed
[Malyshev, 1995]. The river water (originating from Lake Irtyash) is today led outside the reservoirs
via one canal at the northern side of the dam system (left bank canal). Similarly the water of
Mishelyak River flows in a right bank canal at the southern side. The two canals join the Techa river
about 3 km downwards of dam no. 11. This is shown in Figure 1.

In addition to the direct discharge of liquid waste, two major accidents have contaminated the sur-
rounding areas. In the "Kyshtym" accident in 1957 a storage tank of highly radioactive material ex-
ploded, and an area of 20 000 km2 was contaminated with more than 4000 Bq/nr (East Urals Radioac-
tive Trace, EURT). Ten years later Lake Karachay dried out during a long period without precipita-
tion, and 20 TBq of radioactive dust was spread with the wind, contaminating parts of the same area
as the EURT [Malyshev, 1995; Romanov, 1995].

It is estimated that the accumulated waste in the reservoirs no. 3, 4, 10 and 11 amounts to about 6500
TBq (176 kCi), mainly in the sediments. The activity concentrations in the different reservoirs, includ-
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ing Lake Karachay (R-9), are shown in Figure 2 ["Mayak", 1993]. In the floodplain area of upper
Techa (Asanov Swamps) about 37 TBq (7000 Ci) of ^Sr and 185 TBq (5000 Ci) of 137Cs is deposited
in the soil surface [Malyshev, 1995; Romanov, 1995]. The maximum contamination of the floodplain
(8 TBq, ^Sr/km2 and 185 TBq 137Cs/km2) is comparable to the maximum "Kyshrym" accident con-
tamination (75 TBq KSr/km2).

Figure 1. Location of the Ozyorsk town, the "Mayak" PA site and the system of dams and reservoirs.
• Nl , , • N22 are the sampling points of the joint Russian - Norwegian field work.

Russian - Norwegian cooperation in the northern areas
Under the joint Russian - Norwegian expert group for investigation of radioactive contamination of
the northern areas, three joint expeditions have been organized to study the environmental impact of
the dumped nuclear waste in the Kara Sea. The influence of radioactive materials entering the Kara
Sea waters with the large rivers Ob and Yenisey was clearly demonstrated [Strand et al., 1994; JRNC,
1994]. Within this cooperation, it was therefore agreed to perform joint investigations of the possible
impacts of the activities of "Mayak" PA on radioactive contamination of the Kara and Barents Seas.

Subsequently a joint Russian-Norwegian working group was appointed and given the task of perform-
ing the investigations in and around the "Mayak" plant. The five Norwegian members of the group are
from the Norwegian Radiation Protection Agency, Agricultural University of Norway and Institute for
Energy Technology. The Russian part of the working group consists of twelve members from RF
Ministry of Nuclear Energy, "Mayak" PA, "Typhoon" SPA, Roshydromet, Khlopin Radium Institute
and RF State Committee on Chernobyl Affairs.
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Figure 2. Concentration of "̂ Sr and I3'Cs in the sediments of the different reservoirs of "Mayak" PA.

The working group had its first meeting in September 1993 where it agreed upon a joint research
project where Sub-programme 1 has the following main tasks:
1. To describe all the previous, present and future source term characteristics of long-lived radionu-

clides in the "Mayak" PA area and its surroundings.
2. To evaluate the impact of the ongoing rehabilitation programme of "Mayak" PA on the potential

releases of radionuclides.
3. To perform joint field work at relevant locations including collection of water, sediment, soil and

biota samples and analysis of these samples with respect to radionuclide content and transport and
mobility mechanisms of selected radionuclides.

4. To perform assessments of future risks and impacts of release and transpon of radionuclides to the
Barents and Kara Seas from the "Mayak" PA region.

The complete results of Sub-programme 1 will be published in the form of a "whitebook" in 1996.

The joint Russian-Norwegian field work
The first part of the field work took place in June 1994. More than four hundred samples of water,
sediments, soil and biota have been collected and analysed by the participating institutions. Figure 1
shows the sampling points Nl to N22. Nl and N2 are located inside the inner fence of "Mayak" at
burial sites for solid radwastes and were the only sampling points where the Norwegians were not
permitted.

Dose ratemeters showed less than 10 (iSv/h at most of the sampling points, but at a few locations
along Techa and in the Asanov Swamps area the dose rate was about 100 |xSv/h.

31



Sampling and analysis
For sampling of sediment and soil cores metal cylinders were used. The cylinders containing sediment
cores were frozen in liquid nitrogen immediately after sampling. Then the metal cylinder was heated
by direct flame, the sediment core pushed out and cut into 2 cm segments. This was done either on
location or in the ERS laboratories. At the locations N15 and N17 soil and vegetation samples were
taken in a "cross section" from close to the river bed to up to 100 m on each side. Vegetation samples
were collected by cutting to 3 cm above the ground. In the reservoirs no. 10 and 11 fish samples were
caught (pike, perch and roach). All solid samples were dried, homogenized and weighed in the ERS
laboratories, then divided in two equal parts, one for the Norwegian and one for the Russian laborato-
ries.

Ground water samples were collected in bore holes in the area between Lake Karachay and Mishelyak
River. In reservoir no. 11 the water samples were taken at two depths. All water samples were taken
to the laboratory and filtered through a 0.45 jam filter.

The analysis of gamma emitters has been performed by spectrometry using either Nal or high purity
Ge detectors. Standard radiochemical procedures for analysis of alpha and beta emitting nuclides have
been used [Strand et al., 1994].

Results
The highest radioactivity concentrations are found in samples from the Asanov swamps and upper
Techa river bed, and in reservoir no. 10 (more than 2 MBq/kg d.w. of 137Cs in the sediment's upper 4
cm). Figure 3 shows the amounts of I37Cs in the upper 10 cm of the sediments of reservoirs no.10 and
no. 11 and in the Techa River between dam no. 11 and just downstream of Muslyumovo village. The
figure also gives the 137Cs concentration of the water at these locations.

I sediment (upper 10cm)
1 water

N-6 N-7 N-10 N-11 N-14 N-16
Sample point

N-18 N-19 N-20

Figure 3. Amounts of I37Cs in the reservoirs no. 10 (N6, N7) and no. 11 (N10, Nl 1) and in the
Techa River (N14-N20)
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Figure 4 shows a sediment profile from reservoir no. 11 (sampling point NIO) where most of the ac-
tivity is found in the upper 15 cm. '"Co is detectable down the entire core length of 28 cm with a con-
centration of about 15 kBq/kg d.w. at 0-6 cm depth. Also pike from these reservoirs have a high con-
tent of 137Cs (100-200 kBq/kg fresh weight). A soil sample taken close to the river bed of Techa had a
137Cs concentration of 1-2 MBq/kg d.w. (upper 10 cm). At this point (N15) the dose rate was about
100 (iSv/h. The results of the joint field work seem to be in agreement with previous Russian investi-
gations.

Groundwater transport of radionuclides from Lake Karachay has been shown to be a problem. There
is a danger of contamination of both nearby rivers and lakes and drinking water wells. The water
sample from the borehole of point N3 (57 m depth) has however no detectable concentration of 137Cs,
but 4000 Bq/1 of wCo, showing that '"Co is in a mobile form.

A soil profile from the East Urals radioactive trace (point N21) shows that most of the activity of
l37Cs in soils contaminated from the "Kyshtym" accident is retained in the upper 10 cm (Fig. 5). It is
reported [Romanov, 1995] that the vertical migration velocity of this radionuclide is about 0.15-0.20
cm/year, compared to 0.3-0.5 cm/year for KSt.

Sequential extraction studies show that b7Cs is strongly fixed to components in soils (<1 % is mobile)
and sediments (about 8 % mobile) from the "Mayak" area, while '"Sr is rather mobile in the same soils
(60-80 %) and sediments (40-60 %) [Trondstad et al., 1995].
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Figure 4. The concentration of ̂ Co, l34Cs and !37Cs in sediments from reservoir no. 11 at
sampling point N10.
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Figure 5. The concentration of lj7Cs in soils from the East Urals Radioactive Trace (EURT) at
sampling point N21.

Conclusions
The results of the joint Russian - Norwegian field work show that the samples from the reservoirs no.
10 and 11 and from the floodplain along the upper Techa River have the highest radioactivity concen-
trations. These results seem to be in agreement with previous Russian investigations.

Future release scenarios may therefore have two main source terms, namely the reservoir sediments
and the Asanow swamps soils. Remobilization from the soils by severe flooding of the swamp and a
rupture of dam no. 11 may cause substantial releases to the river system and thus eventually contami-
nate the Kara Sea and other Arctic waters. Also transport of radioactivity by underground water from
the reservoirs, including Lake Karachay, may however contaminate the river system.

Future work
The future work of the joint Russian - Norwegian "Mayak" cooperation will be focussed on risk as-
sessments of the potential accident scenarios and possible long-term consequences for man and the
environment. This includes study of
• Release scenarios under different situations (flooding, dam rupture, etc.) and potential remedial

actions for risk reduction.
• Modelling of radionuclide transport in the river system from "Mayak" PA to the Kara Sea, includ-

ing assessments of the actual release to the Kara Sea from this source and its impact on the Arctic
environment.

This will possibly include further field work, especially in connection with the reservoirs and the Asa-
nov Swamps area. A technological study of the state of dam no. 11 may also be a part of the future
work.
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Environmental impact of 'Mayak' PA activity

G. N. ROMANOV

'Mayak' Production Association, Ozersk, Russia

The activities of the «Mayak» nuclear enterprise situated in the North of Chelyabinsk region
and put into operation in 1948, have led to a number of ecological problems, caused by
radioactive territory contamination of its location region, and by the concentration of
considerable volumes and radwaste activities on its site.

The principal situations that led to the long-term radioactive environment contamination are
as follows:

a) discharge of liquid radwastes into the Techa River (the Ob River system) in 1949-1956
with the total activity of 2.75xlO6 Ci or 160xl03 Ci of 90Sr and 340xl03 Ci of 137Cs. At
present radioactive flood contamination levels of the Upper Techa River have reached
tens - hundreds curie per square kilometre;

b) explosion of a tank containing radwastes in Autumn 1957 (20x106 Ci) led to formation of
the East Urals Radioactive Trace with maximum density of the radioactive territory
contamination with 90Sr up to 4000 Ci/km2 and with the square up to 20xl03 km2.;

c) wind resuspension of 6000 Ci activity from shores of the lake Karachay which is a liquid
radwaste storage, in Spring 1967.

At present radioecological problems caused by the above mentioned situations mainly refer to
the Techa River flood for a distance of 100 km and to the East Urals Radioactive Trace
territory for a distance of the first 50-70 km.

In the course of «Mayak» PA activity about 700xl06 Ci of long-lived radwastes have been
accumulated. Besides 550xl06 Ci of high liquid radwastes being stored in technological tanks
and 13xlO6 Ci of solid radwastes buried in the ground, 120xl06 Ci of intermediate liquid
radwastes have accumulated Lake Karachay (primary area of 45 ha) and 200x10 Ci of low
liquid radwastes - in the system of surface artificial basins with the total area of 65 km , and a
water volume of 3 50x106 m3. Lens of contaminated underground waters with the square of 10
km2 has been formed under the lake Karachay, underground water contamination levels have
reached 10"8Ci71.

Concentration of liquid radwastes on the soil surface has caused risk of radiation accidents
and resulting radioactive environment contamination.

Reasons of probable radiation accidents can be such a phenomenon as a tornado, the effect
consequences of which can be especially unfavourable with its passing over the lake Karachay
and also by accidental discharge of contaminated water from the industrial basin system into
the Techa River as a result of elemental basin overfilling or by dam destruction during an
earthquake, reduction in technical reliability of the dam, diversion or military operations.
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At present within the Russian Federation State Program on radiation rehabilitation of the
Urals region complex of measures of radiation accident risk reduction at «Mayak» PA and of
radiation rehabilitation of the most contaminated territory areas is being carried out.

The scientific and technical program of measures of radiation accident risk reduction includes:

a) new technologies of volume reduction on the accumulated low and intermediate liquid
wastes;

b) solidification of the stored high liquid wastes by the nitrification method and use of
emptied tanks for the temporary storage of intermediate wastes;

c) stopping the intermediate waste discharge into the lake Karachay with its final liquidation
within the next few years;

d) localization of the contaminated underground water lens;

e) stabilisation and the water level reduction in industrial basins due to changing of their
hydrological condition, reducing the discharged low waste volumes;

f) increasing the technical reliability of hydrotechnical installations;

g) in remote perspective - water decontamination of industrial basins, their area reduction
and bed decontamination.

The complex of measures of the radiation territory rehabilitation is being developed first of all
with respect to the most contaminated part of the Techa River flood. The complex includes:

a) changing the water nutrition of the Upper River for draining of the swamped
contaminated flood and liquidation of radionuclide removing from it into the River water;

b) development of criteria of the river flood decontamination necessity and possibilities of its
economic use;

c) direct works on radiation flood rehabilitation in the first populated areas along the stream.
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Introduction

Extensive radioactive contamination (about 63,000 PBq) has been discharged to the environment
of the West Siberian Basin. The former Soviet Union (FSU) nuclear program has been operating
for the last 50 years; most of its facilities are located in the West Siberian Basin. These nuclear
facilities include three sites for reprocessing spent fuel from the FSU's production reactors:
Mayak, Tomsk-7, and Krasnoyarsk-26 (Fig. 1). These are believed to be responsible for the
majority of the radioactive contamination that is in the major river systems, the Ob and Yenisei,
which feed into the Arctic Ocean through the Kara Sea. Extensive radioactive contamination has
been reported in surface water reservoirs, and large amounts of radioactive contamination have
been discharged to injection sites that are adjacent to tributaries of the Ob and Yenisei Rivers. A
massive release of radionuclide contaminants could result if floods, reservoir failures, or
containment failures were to occur (Foley, 1991; Bradley, 1991, 1992a, 1992b; Bradley and
Schneider, 1990).

The Ob River system consists of the contaminant release sites (FSU nuclear defense sites on
land), the terrestrial, ground, and surface waters that link the contaminant release sites to the
rivers, the Ob River, its tributaries, the estuary, and the confluence region where the estuaries of
the Ob and Yenisei mix and flow into the Kara Sea (Fig. 2). The contaminants that we are
following through the system are '''Sr, l37Cs, and 239Pu. The basic algorithms governing the
adsorption and desorption of a dissolved contaminant with sediments and solids are used in the
transport models. We are evaluating the following scenarios over all seasons for both river
systems: a steady release of contaminants, and a massive release corresponding to a flood or
reservoir failure. The steady release simulations are yielding a baseline for comparison with
current samples from the estuary and the shelf taken by other Arctic Nuclear Waste Assessment
Program (ANWAP) participants.
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MATERIALS AND METHODS

We have characterized the study sites—the Ob and Yenisei River systems—by their potential
radioactive contamination sources, their hydrology, and the contaminant transport processes.
Our method is to collect existing data and literature, to construct conceptual budget models, to
estimate radionuclide inventories, and to analyze the baseline and extreme scenarios with riverine
and estuarine models. Because no information is available on the amounts of radioactivity
released from the once-through cooled Russian production reactors, Bradley and Jenquin (1995)
made calculations based on data from similar production reactors in the United States to estimate
the releases. In the following sections, we shall concentrate on the Ob River system.

RESULTS

Potential radionuclide sources of the Ob River

Overview of Mayak contamination
The releases of radioactivity at the Mayak site have all been to surface water bodies. All of the
water systems at Mayak—lakes, reservoirs, streams, and ponds—are hydrologically connected;
therefore, this radioactive contamination is mobile and has an outlet to the Techa River system,
making transport to the Ob River and to the Kara Sea possible. During operation of the Mayak
site, about 3.7 x 10" Bq of wastes was generated. Lake Karachai (Reservoir 9) has received
discharges of low, medium, and intermediate level radioactive wastes since 1951; low level
liquid wastes continue to be discharged to the lake (Bradley and Jenquin, 1995). The amount of
radioactivity originally released to lakes and reservoirs at Mayak is estimated to be 4.4 x 1018 Bq.
The decay-corrected inventory as of June 1995 from the discharges of contaminated cooling
water from once-through cooled plutonium production reactors at Mayak, based on our
calculations, is 4.9 x 10'5 Bq.

Overview of the Ob System Transport Processes

Transport of radioactive contamination downstream is governed by meteorologic/hydrologic
forcing, contaminant decay and sediment partitioning, and the radionuclide release conditions.
Russian arctic meteorology and hydrology are characterized by subfreezing conditions during
much of the year, giving rise to the presence of permafrost and large, seasonal variations in the
mean flow conditions. The extremes in meteorology and hydrology translate to more complex
transport processes, such as sediment transport under spring flood conditions, and the presence
and effects of river ice. The Ob watershed is 2.95 x 106 km2, extending from 50°N to 68°N and
encompassing notable climactic variation; the large latitudinal variation alone causes freeze and
thaw time lags within the watershed of up to 2 months. The regional-scale meteorology is
governed by high-latitude, continental effects, with extreme cold and heavy snowfall in portions
of the study area and more moderate conditions in other portions. The global average
precipitation rate in this latitude range is about 20 to 70 cm yr"1 and within the Ob watershed, the
average precipitation rate is 45 cm yr"1. Approximately half of this falls while the mean monthly
temperature (MMT) is below freezing.
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The major tributaries of the Ob River, in terms of discharge or in contaminant sources, are the
Tom, Irtysh, Tobol, Iset, and Techa Rivers. The discharge, suspended sediment load, and
riverine sediment are not well characterized, although limited data indicate that they are quite
variable among the different tributaries. The Techa River is a relatively small river that drains
the marshy, pond-marked areas around Mayak. It floods in April, when maximum depths range
from 2 to 4 m. The Techa River discharges into the Iset River at Dalmatovo, 240 km river
distance from Mayak. The annual estimated discharge increases 17 times from Mayak to the
confluence of the Techa and Iset Rivers, indicating the influence of swamps and marshes on the
hydrologic budget of this area. The Iset, Tobol, and Irtysh Rivers are the major large tributaries
that form the part of the Ob River system; they also drain the regions around the nuclear facilities
and nuclear test areas (Mayak and Semipalatinsk). The Ob reach between the Irtysh confluence
and Salekhard is depositional; 12.2 x 106 metric tonnes (t) are deposited annually, and this figure
does not account for washload or maintenance dredging. The Ob River at Salekhard, which is
about 2500 km from Mayak, discharges 21,000 times as much water as the Techa at Mayak. The
sediment flux number at Salekhard is 1.6 x 1061 yr1, whereas that at Belogor'ye is 28.3 x
1061 yr ] (Bobkin and Bobrovitskaya, 1995; Rusinov et al., 1977).

It is important to characterize the sediment and its transport, but given the limited coverage of
sediment sampling stations and the thousands of kilometers of river within these systems, it has
been necessary to construct crude, empirically based characterizations of this system. These
conceptual models are products of this study and of a study by Bobrovitskaya et al. (in press).
The annual cycle in sediment transport is closely linked with the seasonal cycle in discharge (Fig.
3), and the relationship between sediment flux and water discharge is shown in Fig. 4. It is not
immediately obvious that a system-wide Q-Qs relationship would be appropriate for the Ob
system. A traditional, nonseasonal, linear relationship appears to be adequate to describe the Q-
Qs relationship in the lower Ob (between Belogor'ye and Salekhard). Conversely, no such
relationship appears to be appropriate for the upper system at Kolpashevo on the Ob or at
Khanty-Mansiysk on the Irtysh. Further, at Belogor'ye, a seasonal cycle seems to be apparent:
the same discharge rate during the early spring yields a systematically greater sediment flux than
the same discharge occurring in the fall. Phenomena such as this have been observed on the
Fraser River, and they indicate systematic hysteresis (Dyer, 1986). This phenomenon may be due
to the effect of the freeze-thaw cycle on sediment, which tends to loosen soil and cause it to be
more easily eroded (hence, the overproduction of sediment in the spring). After this supply of
sediment is exhausted, sediment flux is reduced and therefore not available during the fall.

The Ob System near Mayak

We have modeled the Ob and Yenisei Rivers using conceptual (budget) models and a one-
dimensional sediment-contaminant interaction model that assumed steady flow under high- and
low-flow conditions. The motivation for modeling these simple cases was to evaluate the
sensitivity of the model to empirical parameters in the sediment-contaminant algorithms and to
provide initial estimates of residence times in the system. The results indicate that residence
times for the dissolved contaminants under high-flow conditions are 36 days in the Yenisei River
and 120 days in the Ob River. These values were in agreement with the simplest checkpoint
calculations made with the conceptual model.
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The initial quantification has been made of the contaminant inventory at nuclear facilities,
primarily Mayak, Tomsk-7, and Krasnoyarsk-26, in order to provide contaminant source terms
for the modeling. At Mayak, the contaminant inventory present in surface waters (the reservoirs,
the Techa River, and the Asanov Marsh) is a more available (potential) supply of radionuclides
to the Ob River and the Kara Sea than the sources at the other nuclear facilities. An analysis of
basic residence times under simplified conditions was used to establish that the models were
configured properly for each river system. Using a conceptual model that considered dilution
alone, we analyzed the concentration levels at Salekhard for possible release scenarios from the
Mayak nuclear facility. The contaminant inventory contained within the reservoir system at
Mayak is sufficiently large that there would be elevated levels of 90Sr and of I37Cs at Salekhard
on the Ob River (exceeding '"Sr concentrations set by the U.S. Environmental Protection
Agency's drinking water standards) if these inventories were released uniformly throughout the
year. Given this screening of release scenarios, we have then configured the time-dependent
river model to fully explore the flux and distribution in the water column and the sediments
along the Ob River from releases of contaminated reservoirs.

We are modeling the time-dependent hydrodynamics and sediment/contaminant transport for
areas of the Ob and Yenisei Rivers using the PNL-CHARIMA model (Holly et al., 1990). PNL-
CHARIMA is a one-dimensional, finite-difference model that simulates unsteady flow (flood
wave) hydraulics, nonuniform sediment transport, and contaminant transport in open channel
systems, such as rivers and canals. The model has the capability to simulate branched and
looped channel systems, the operations of dams and reservoirs, heat transport with surface heat
transfer, dissolved contaminant transport, sediment-sorbed contaminant transport, and the
accumulation and/or resuspension of contaminants sorbed to sediments in the river bed.

The application of the PNL-CHARIMA model to the Ob River system is currently in progress.
This section of the river model begins at Reservoir 11 on the Techa River and ends just
downstream of the confluence of the Iset and Miass Rivers (Fig. 5). This covers a distance of
approximately 362 km (225 miles). The topographic data and cross-sectional shape for the Ob
River system were developed from 1:50000 scale Russian topographic maps and supplemental
field surveys. The model grid uses a resolution of approximately 5 km to represent this portion
of the river. To illustrate preliminary model results, a test simulation corresponding to a constant
release of dissolved 90Sr for 1985 hydrologic conditions is presented. Using streamgage records
for the Iset (Bobkin and Bobrovitskaya, 1995; Rusinov et al., 1977), monthly average input
flows for the model were specified for the Techa, the Iset above the confluence with the Techa,
and the Miass Rivers. The flows were apportioned based on the respective subwatershed areas.
A constant input concentration of'"Srat Reservoir 11 and the Asanov Marsh of 30 Bq L"1 and 15
Bq L'1, respectively, were assigned based on source term data reported by Trapeznikov et al.
(1993) and Bradley and Jenquin (1995).
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CONCLUSION

Recent data (Bradley and Jenquin, 1995) indicate that there are potentially large sources of
radionuclide contamination on the Ob River system. To quantify the existing radionuclide
contamination and the potential contamination from a possible catastrophic event, we are using
data and models to quantify scenarios. Using a compilation of Russian data on the radionuclide
contamination (Bradley and Jenquin, 1995), hydrologic data (Bobkin and Bobrovitskaya, 1995;
Rusinov, et ai, 1977), and Russian studies on the sediment transport processes (Bobrovitskaya,
1967, 1968, 1994; Litsitsyna et al, 1979), we have developed a conceptual model of the Ob
system and applied a numerical model to estimate the radionuclide flux to the Kara Sea. We are
continuing to apply the numerical model to other portions of the Ob River system and to include,
explicitly, the Irtysh River up to Semipalatinsk and the Asanov Marsh. The initial results of the
river modeling in the Mayak region show how important the watershed flow from the marshes
are to the hydrologic budget of the area. Our preliminary analysis of the sediment flux indicates
the need to consider the depositional (storage) regions such as the Asanov Marsh. In order to
consider the flux of contaminants overland and through the Techa floodplain and the Asanov
Marsh, we are linking a watershed model to the river model. We have begun work on the
estuarine model for the Ob and Yenisei Rivers. The inclusion of this watershed model
component then provides a complete representation of the water- and sediment-bome pathways
that could be important to the transport of radionuclides from inland sources to the Kara Sea.
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The focus of this paper is on detailing the magnitudes of the sources of radionuclides that may be available, or
have already been released to the Ob and Yenisey river systems. The emphasis is on the amounts of radioactivity
that have been discharged to the environment in the West Siberian Basin, that are potential source terms to the
Kara Sea via the Ob and Yenisey rivers. Russian estimates of what has been discharged to the Barents and Kara
Seas, including direct ocean discharges, are summarized to provide some perspective on contamination of the
Kara Sea.

All activities in the nuclear fuel cycle lead to the production of some form of radioactive waste. Most of the waste
streams produce low-level radioactive wastes (LLW), which account for by far the majority of the volume of
radioactive wastes produced in the nuclear fuel cycle. Such activities as uranium mining and milling, uranium
enrichment and fuel fabrication, and nuclear reactor operations produce this type of waste, sometimes with small
amounts of intermediate-tevel radioactive wastes. From a radioactivity basis however, the operation that handles
the highest concentrations of activity, known as high-level wastes (HLW), is the reprocessing of spent nuclear
reactor fuel. This operation was responsible for the release to the environment of the greatest amounts of
radioactivity, far exceeding all other sources. Figure 1 shows the locations of the various operations of the
Russian nuclear weapons complex.

A brief review of the location of uranium mining operation in the FSU indicates that very few deposits are located
near any of the major rivers (the Ob and the Yenisey) of primary concern in this study. Consequences are
expected to be long-term and at this time no source term from mining activities can be estimated with any
confidence with respect to releases to the Ob and Yenisey Rivers. The uranium enrichment sites in Russia are
shown in Figure 1 . There is no information available on any releases to the environment for these sites. It is
probable that any releases would have been small, and there is essentially no contribution to the Kara Sea via the
river systems in the West Siberian Basin.

The Russian plutonium production reactors at Mayak, the first to be put in operation, were operated with a once-
through cooling system. The Tomsk-7 and Krasnoyarsk-26 sites also operated one and two of these reactors
respectively. Since no information has been given on the amounts of radioactivity released due to the once-
through cooling of Russian production reactors, calculations were performed to estimate the releases. Using
radioactive release data measured at Hanford, and the data available on Russian production reactors, along with
assumptions on fuel cladding composition and trace elements in the cooling water, calculations were made to
estimate the releases from the Russian production reactors assuming they operated similarly to those at Hanford.
These calculations suggest that 300,000 curies, in current activity, were introduced to the Techa, Tom/Ob and
Yenisey river systems from reactor operations at these sites.

The former Soviet Union operated two major nuclear weapons testing sites, Semipalatinsk in Kazakhstan, and the
Novaya Zemlya islands in Russia. The combined explosive force of all the 715 Soviet nuclear detonations (467 at
Semipalatinsk, 132 at Novaya Zemlya, and 116 PNEs from 1949 to 1990) is approximately 500 megatons. The
combined explosive force of the 132 detonations at Novaya Zemlya is 470 megatons, or 94 per cent of the
combined explosive force of all Soviet nuclear detonations (Bradley, June 1992; Nilsen and Bahmer, 1994).
Although there has been a significant amount of information published recently on the Soviet weapons testing
program, few data have surfaced with respect to actual amounts of radioactive contamination entering surface
water systems. Releases from underground tests to surface waters have likely been quite small; releases from
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surface tests were diluted and carried great distances by winds. Releases from Russia's peaceful nuclear
explosions (PNEs) efforts were likely to be small to the Ob/Yenisey river systems - most PNE's were underground
and had relatively small nuclear yields. In the period of surface testing at Semipalatinsk, about 100 curies of
plutonium-239, strontium and cesium, carbon-14, and other long- lived isotopes per square kilometer of surface
entered the surrounding environment. This includes about 30 curies in Pavlodar region. From 1961-1969, about
38,000 curies of radioactive strontium and almost 50,000 curies of cesium were introduced into the Irtysh River
(Kazakhstanskaya Pravda, January 4,1992).

The three sites that were responsible for the reprocessing of the spent fuel produced by Russia's plutonium
production reactors are believed to constitute the dominant contamination source for the entire West Siberian
Basin. These sites, Mayak, Tomsk-7, and Krasnoyarsk-26, lie adjacent to the southern boundaries of the West
Siberian Plain and Western Siberian artesian ground-water basin. This area is larger than the combined drainage
basins of the Missouri, Mississippi, and Ohio Rivers. The sites are located within a few kilometers of the edge of
the basin in areas where precipitation and surface waters are sources of the ground waters of the basin.
Therefore, waste disposal practices at these sites may contaminate the basin ground water either directly from the
surface (ponds, rivers, or distributed surface contamination) or through ground water in rocks surrounding and
underlying the basin.

The release of radioactive materials to the environment in the West Siberian Basin from these sites are the largest
in the world. Some of the contamination has been released directly into rivers that are the primary means of
drainage of the basin, while other releases have been to lakes and underground formations that must migrate
small or large distances to reach the river systems that drain into the Kara Sea. Table 1 details the entire present
inventory of radioactivity that is believed to have been released to the environment in the West Siberian Basin, its
expected location, and where it was generated, and current migration status. These inventories are far larger than
the well known releases of radioactivity to the environment due to nuclear related accidents anywhere in the world.
Mayak, Tomsk-7, and Krasnoyarsk-26 [now called Ozersk, Seversk and Zheleznogorsk, respectively] are believed
to be responsible for the release of about 2 billion curies of radioactivity to the environment, constituting the
dominant contamination source for the entire basin. All other releases from nuclear fuel cycle activities in the West
Siberian region that could lead to radioactive contamination of the Kara Sea, with the exception of weapons
testing fallout, are insignificant by comparison.

The releases that are of primary concern are in three categories, ordered from immediate to longer-tern concern,
as follows:

radioactive waste discharges to surface-water systems connected by the Ob and Yenisey rivers directly to
the arctic,

• wastes discharged to lakes and reservoirs that must migrate to a nearby river system that leads to the Ob
or Yenisey rivers, and

• wastes injected into underground rock formations that may eventually migrateto the Ob or Yenisey rivers.

Of these discharges, about 450,000 curies are estimated to be in rivers, or in reservoirs on rivers that are
tributaries to the Ob River, and about 100,000 curies are estimated to be in the Yenisey River, at this time. The next
greatest concern is from radionuclkte migration from lakes and reservoirs, used as waste disposal sites, to rivers
that lead to the arctic. In this category, about 250 million curies exist, about equally divided between Mayak and
Tomsk-7, that may be migrating towards the Ob river. Although this is a far larger amount of contamination,
transport processes and decay time will significantly reduce the amount that may reach the Ob river. At this time,
insufficient information is available to predict with confidence these amounts. The contamination at the Mayak site
has been the most widely published and is clearly the best understood. Each of the major radioactive
contamination events at the site are described in detail, and Table 2 provides a summary of the current and

potential releases of radioactivity, in this case for 90Sr, to the Techa River {Parker March 1995). The third category,
contamination of aquifers from underground injection of wastes, represents the largest amounts of contamination,
and also the most complicated and lengthy transport process to reach the Ob and Yenisey rivers. A current
inventory of about 1.5 billion curies is estimated to have been injected underground between the Tomsk-7 and
Krasnoyarsk-26 sites on the Tom and Yenisey rivers respectively. Although studies are underway, estimates of
travel times are not yet available; it is expected that concerns are long-term in nature.
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The contamination already in the Ob and Yenisey rivers, together with a continued supply of radionuclides via
transport processes from nearby sources, provides a long-term source of contamination to the Kara Sea. Efforts
should be focused not only on what is currently in the major rivers of the West Siberian Basin, but also on transport
processes that may link these rivers with significantly larger amounts of radioactive contamination.

Russian scientists cite six sources for the radioactive contamination of the Kara and Barents seas; atmospheric
nuclear testing, releases from West European spent fuel reprocessing plants, fallout from Chernobyl, local fallout
from nuclear tests at Novaya Zemlya, waste discharges to the Barents and Kara Seas, and finally, contamination

from the Ob and Yenisey Rivers (Kuznetsov et al. 1994). They have estimated the total input of 9°Srand 137Cs
already in the Barents and Kara seas as shown in Table 3 (Vakulovsky et al., February 1993). Other Russian
studies estimated that from 1961 -1990,4,700 Ci of 9 0Sr were carried by the Techa and Iset rivers to the Ob and

then to the Kara Sea. The total amount of 90Sr in the Ob equaled 17,500 Ci, 75% of which was estimated to be

from fallout earned into the Ob from its drainage area, some 2.99 x 106 km2 (Kuznetsov et al. 1994). The current
inventory of solid wastes in the Kara sea has been reported to be about -137,000 curies, which as this time
appears to be contained in sunken submarine reactor compartments, metal objects, and vessels (Sjoeblom and
Linsley 1995).
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Table 1 Releases of Radioactivity to the Environment In the West Siberian
Basin

Current River System
Activity. Curies Affected

Tom-Ob

Yenisey

Site/Source

Tomsk-7/lnjection -1,000,000,000

Krasnoyarsk-26/lnjection 450,000,000

Tbmsk-7/Reservoirs
Mayak/Lake Karachai -
Reservoir #9

Mayak/Solid wastes

Mayak/Staroe Bobto -
Reservoir #17

Mayak/Techa river
reservoirs

Mayak/Production
reactors

Kr as noyarsk-26/P reduction
reactors

Semipalatinsk

Krasnoyarsk-26/Reservoirs

Tbmsk-7/Production
reactors

Mayak/Tank Explosion

Ob - Yenisey Rivers

Mayak/Wind erosion of -500 Techa - Ob
Lake Karachai

Nuclear power reactor operations -82 Ob

130,000,000

120,000,000

12,000,000

2,000,000

200,000

132,000

106,000

88,000

-50,000

37,000

-44,000

-33,000

Tom-Ob

Techa - Ob

Techa - Ob

Techa - Ob

Techa-Ob

Techa - Ob

Yenisey

Irtysh - Ob

Yenisey

Tom-Ob

Techa - Ob

Kara Sea

Status

Contaminant migration reported to
be minimal - due to depth of
discharges, contamination of Tom -
Ob unlikely in near future

Contaminant migration reported to
be minimal - due to depth of
discharges, contamination of
Yenisey unlikely in near future

Unknown • some migration
to Tom river possible

Already migrating into river
system

Likely insignificant contributor

Already migrating into river
system

Already migrating into river
system

Already migrating into river
system

Inventory is in Yenisey river and
has migrated at least 1,500 km

Derived from weapons testing,
likely migrating in river systems

Unknown - some migration
to Yenisey river possible

Inventory is in Tom river and
likely migrating

Small contributor to Techa river
contamination

Amount of Strontium
(30,000 Ci) and Cesium that
has migrated already to the
Kara Sea from the West
Siberian Basin

Likely insignificant contributor

Discharges to marshes at
Bebyarsk reactor site -
insignificant contributor

55



Table 2 Sources and Estimated Releases of 9 °Sr to the Techa River

Present Releases Future Releases
Location

Asanov Marshes
Right Canal

Left Canal and
Reservoir #11)

Lake Karachai

Total

Cl/Yr

20-30
-10-15

-10-15

10-2

(75 airborne)

-20- 100

Location

Reservoir Cascade
(including Right &
Left Canals and
Reservoir #11)

Lake Karachai

Asanov Marshes

Cl/Yr

800

300

15-30

Total >1.000

Table 3 Inventories of Cesium and Strontium in the Barents and Kara Seas
excluding solid wastes

Source Ci of 1 3 7Cs Ci of 9 °Sr

Deposition 150,000 100,000
River flow 3,550 35,500
SellafieW input 200,000 45,000
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As an approach to an assessment of the transport of artificial radionucudes through the Ob
river system towards the Arctic Ocean, results are presented from the analyses of a series
of sediment cores collected in the Ob delta and estuary in 1994. These cores, collected in
areas of sediment accumulation, contain the depositional history at the Ob mouth of
substances associated with sediment particles from the whole river system watershed.
Several approaches to dating these sediments pennitted the development of a chronology
for the deposition of plutonium isotopes and Cs-137 - following their first introduction to
the environment a half century ago. Some preliminary results for 1-129 are also presented
- from Accelerator Mass Spectrometry (AMS) measurements made by G.M. Raisbeck,
F. Yiou (CNRS, Orsay, France) and L.R. Kilius (University of Toronto, Canada).

The sediment cores were collected from a shallow-draft catamaran capable of entering the
small lakes (Sor or ox-bow) which are associated with the Ob river system (figure 1).
These lakes are flooded each spring after the ice melts. They are excellent sediment traps
which can accumulate the annual pulses of suspended sediment carried by spring/summer
floods. Using a Global Positioning System and a depth sounder, we tried to find sites
where undisturbed layers of sediment were accumulating. The sediments of a number of
these small lakes were sampled with a gravity core, sectioned horizontally and analyzed
for radionuclides. Cs-137, Pb-210 and Ra-226 (by its Pb-214 daughter) were measured
by Ge gamma spectrometry, Pu isotopes by radiochemistry and alpha spectrometry, and
some limited 1-129 data by Accelerator Mass Spectrometry (Raisbeck et al., above). The
downcore distribution of Cs-137 provided the first indication of the record of its
depositional history in these cores. The dates of the sediment layers in the cores were
determined by the excess Pb-210 method (the amount of Pb-210 not supported by its Ra-
226 precursor). Cs-137 profiles in four of the cores are shown in the left panels of figure
2. Pu-239,240 data for three of these cores are also shown. At present we have data
from eight of the sites sampled in 1994. One of the sites, Ob94-13, is from the Taz
estuary and represents a control site which does not receive material transported down
the Ob.
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1994 Sample Sites
Facilities

Fig. 1. Map of the Ob River watershed and sampling locations of the Joint Russian-
American Expedition "Ob Estuary -1994".
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The main feature in all of the cores analyzed is a major Cs-137 concentration maximum at
various depths downcore. The Pb-210 dating indicates that the time of deposition of the
sediments with which these peaks are associated was concurrent with the maximum in
deposition of global fallout from nuclear weapons testing in 1961-62. The varying depths
of the maximum reflect the differing rates of sedimentation which characterised the cores
(0.1 - 1.6 cm/yr.). The Cs-137 profiles measured, reflect a complex variety of
sedimentation regimes - including some where post-depositional erosion is evident. The
inventories of Cs-137 (figure 3), also vary with the nature of sediment accumulation but
are always in excess of the estimated integrated fallout delivered to this latitude (based on
data from sites in Alaska).

The ratios Pu-239,240/Cs-137 and Pu-238/Pu-239,240 can provide evidence of the source
of these isotopes. Figure 4 shows the downcore ratio Pu-239,24Q/Cs-137 in 5 Ob delta
cores and the one from the Taz estuary and compares these values with average values for
global fallout and Techa river sediments (referenced in, Panteleyev, G.P., The History of
Plutonium and Cs-137 Contamination of the Ob River Delta Sediments, M.Sc. Thesis
(submitted). Woods Hole Oceanographic Institution, Woods Hole, MA, U.S.A. 1995 ) -
all at a reference date of 1 August 1994. Figure 5 compares the mean and standard
deviation of the downcore ratios Pu-238/Pu-239,24O with fallout and Techa values (same
reference). Finally, the preliminary 1-129 results mentioned above, measured in 9 sections
from core Ob94-8 are shown in figure 6. They are plotted against both depth and a Pb-210
derived timescale, and compared against similarily plotted Cs-137 and Pu-239,240 data.

Several conclusions can be drawn from the data collected. The preservation of the record
of radionuclide deposition, as described above, can be inferred from the agreement of the
Pb-210 dating with the characterization of the main Cs -137 and Pu peaks in the cores as
being derived from the fallout from atmospheric nuclear weapons tests in the 1960's. This
was true not only of the Ob delta cores, but also the control core from the Taz estuary.
The isotope ratio data are consistent with the fallout source. Mayak contaminated
sediments in the Techa river have Pu/Cs-137 and Pu238/Pu-239,240 ratios close to an
order of magnitude lower than those seen in the Ob delta sediments. This strongly
indicates that the fallout signal is dominant and that contributions from the Mayak source
are either absent or too low to be seen against the fallout record.

The 1-129 profile in Figure 5 shows a maximum at a time horizon in the late 198O's. This
pattern seems consistent with a source or sources of 1-129 additional to those discussed
above. It is likely that post-depositional migration of solubilized iodine within sediment
interstitial water will have affected the observed distribution. In addition to such possible
sources as Chernobyl and Mayak, one must also consider venting from underground
nuclear tests held at Novaya Zemlya. One such test on August 2, 1987 lead to fission
products being detected over Scandinavia (Bjurman, B. et al., J. Environ. Radioactivity,
11, (1990) 1-14). A more detailed Russian report estimates that 3.7.10A13 Bq of Iodine
radionuclides were released to the atmosphere. The same report lists earlier venting
incidents which lead to fission products being detected in the Ob river region, including
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Figure 2: Pu and Cs-137 profiles in Ob delta (8,9;10A) and Taz estuary (13) cores
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.:d and Khanty-Mansisk (Nuclear explosions in the USSR. Part 1. Northern Test
'tf^nce information. Moscow, 1992.194 pps.)

i A conclusions which can be drawn from this study are
: 7 lakes are excellent sediment traps and do preserve the historical record of
;ides deposited there ( and, likely other artificial contaminants),
--:risant source of the Pu and Cs-137 in the sediments is global fallout from

.; \c nuclear weapons tests,
: rr.cribution of particle reactive ladionuclides from "Mayak" is not delectable in
. : ,1 to the fallout signal.
1 .-measurements suggest that these sediments may contain 1-129 from a source
.2 :o fallout from atmospheric nuclear weapons tests,

Cs-137 inventories (dpm/cm2) calculated for the Ob Delta; Taz
jsiuary sites and estimated for direct Global fallout at Fairbanks and

Anchorage, Alaska..

Figure 3
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Several nuclear enterprises are located in the Urals, including the industrial association
«MAYAK». As a result of their activities a great deal of long-lived radionuclides are released
to the environment. Vast territories, gathering waters for small Ural rivers are contaminated.
Additionally discharge of liquid radioactive wastes has occurred into the open hydrological
system. The greatest input (100 Pbq) was in 1949-1951 into the Techa river from «MAYAK».
The sediments are the cardinal sink of radionuclides in river systems. The study of the vertical
distribution of long-lived radionuclides permit estimation of the temporal contamination
dynamics. Sometimes, there is a possibility of revealing the sources of contamination. We
have studied the vertical distribution of Sr-90 and Cs-137 in the sediments of the Techa,
Tobol, Irtysh, Ob rivers.

In order to get an estimate of the distribution of radionuclides in the Techa sediment profile
special samples were collected at two locations (49 and 237 km from point of discharge),
where 2-cm layers were taken, down to 38 cm depth (table 1). A maximum occurred at depth
of about 15 cm for concentrations of Cs-137. If this depth corresponds to the discharge year
1950 the sedimentation rate would be 3.6 mm per year. The maximum Sr-90 concentration
occurred in the 18-20 cm layer, illustrating the greater migratory ability of Sr-90. The increase
of radionuclides concentration on the depth 36-38 cm is a result of the imperfect collection
method.

In the Techa lower streams radionuclides were distributed in all layers more proportionally,
however we have observed higher concentrations in the layers 8-10 cm for Cs-137 and 8-14
for Sr-90. It was shown that the Sr-90 concentrations have decreased more than eight times
from the upper streams to the end of the Techa river. The Cs-137 concentrations were three to
four orders of magnitude higher in the upper streams, that in the lower streams.

in the Tobol River sediment samples have been collected at Kurgan town, below the inflow of
the Techa-Iset river. The levels of radionuclides here were surprisingly high and indicated the
possible presence of some unknown sources in the upper part of the Tobol river. The vertical
distribution of radionuclides in the Tobol sediments did not show any clear trend (table 2).
Surprisingly high concentrations of Cs-137 and Sr-90 have been observed on the depth 12-15
cm, 19-20 cm and 25-30 cm. The samples collected at the Jalutorovsk town (confluence with
Iset river) showed that in most cases a maximum of radionuclides was absorbed in the upper
layers. The Tobol sediments have higher levels after the confluence with Iset river than
before, because the Iset river is more contaminated that the Tobol.

In order to estimate contamination in the Ob river, sediments were collected at four locations
before the confluence with the Irtysh river and at three locations after. For the time being
results for only two sediment samples from the Irtysh river are available. The levels of
radionuclides in the Ob sediments before and after the confluence with the Irtysh do not
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change significantly. If the various sediment layers are considered it is difficult to see any
systematic changes in Cs-137 and Sr-90 concentrations with depth. In some cases the top 5
cm show higher concentrations that deeper layers in other cases peak concentrations are found
at depth of 15 cm. the concentrations varied from 1.9 up to 15.2 Bq/kg. These studies have
been based on analysis of radionuclides in the river sediments. It is difficult to find
undisturbed sedimentation layers in the river system. We suppose that sorlikes along the rivers
may overcome these difficulties.

Table 1. Vertical distribution of radionuclides in sediment samples from Techa river, 49 km
and 237 km from source.

Layers, cm
cm

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-34
34-36

Sr-90
kBq/kg

49 km from

2.4
2.7
2.4
3.7
5.6
6.8
8.6
7.5
9.5

11.2
7.6
7.5
6.8
6.0
7.7
6.3
4.8
5.0

Cs-137
kBq/kg

source

200
210
150
170
340
360
470
640
590
450
390
390
210

63
47
44

7.6
4.9

Sr-90
kBq/kg

237 km

0.37
0.47
0.54
1.11
1.07
1.16
1.80
0.88
0.78
0.05
0.65
0.50
0.69
0.66
0.67
0.60
1.12
0.43

Cs-137
kBq/kg

from source

0.14
0.15
0.21
0.25
0.18
0.14
0.17
0.15
0.17
0.16
0.16
0.13
0.10
0.08
0.05
0.04
0.03
0.03
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Table 2. Sr-90 and Cs-137 in the sediments of the Tobol river.

Layer
cm

0-2
2-4
4-6
6-8
8-10
10-12
12-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23-24
24-25
25-26
26-27
27-28
28-29
29-30
30-32

at the Kurgan town

Cs-137
kBq/kg

2.1
5.7
3.3
9.0
6.5
6.6

18.3
19.3
5.7
7.3

10.7
8.3

27.0
15.7
17.0
10.0
20.7

6.0
33.5
36.0
29.0
23.0
20.3
13.5

Sr-90
kBq/kg

4.4
7.0

11.0
3.0
5.0

14.0
20.0
36.0

6.0
6.0
3.0
3.0

10.0
18.5
7.0

11.0
10.0
8.0

15.0
9.0
6.0

14.5
16.0
4.0

Layer
cm

0-4
4-8
8-12
12-16
16-19
19-23
23-27
27-31
31-35
35-39
39-43
43-47
47-51
51-54

at the Jalutorovsk

Cs-137
kBq/kg

5.0
12.0
6.0
5.0
0.5
0.5
0.5
0.5
0.5
0.5
6.0
2.0
0
0

Sr-90
kBq/kg

3.0
3.0
4.5
1.0
1.5
1.5
1.2
1.0
3.5
3.0
0
5.0
3.0
1.5
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CONTRIBUTION TO POLLUTION OF THE ARCTIC

A. Trapeznikov, *A. Aarkrog, @V. Pozolotina, *S.P. Nielsen,
V. Trapeznikova, @P. Yushkov, **G. Polikarpov.
Institute of Plant & Animal Ecology,620219, (IPAE)
Ekaterinburg, 8 March st.202, Russia*,
Riso National Laboratory,PO Box 49,DK-4000 Roskilde, Denmark**,
Institute of Biology of the Southern Seas,
Nakhimov st.2,Sevastopol, Ukraine.

Radionuclides are excellent tracers to study the migration of elements with river
flow and to estimate the imput of pollution from continental sources into seas. The
Techa river belongs to the Iset-TobolTrtysh-Ob river system flowing to Kara Sea.
There are several sources of radioactive contamination to this system, the most of them
is nuclear enterprise MAJAK, in the Urals. In 1949-1951 medium level radioactive
waste from MAJAK was released to the Techa river.
During that period 76*10 6 m3 of liquid radwastes were discharged with a total activity
of 100 PBq, long-lived radionuclides Sr-90 and Cs-137 contributed 11.6% and 12.2%
respectively (Conclusion...,1991).

In 1951-1964 discharge of the wastes was eliminated by building a cascade of
reservoirs in the upper reaches of the Techa. However, by that time a large part of the
flood plain and the bottom of the river were already contaminated. At present, the
Asanov swamps in the upper reaches of the river is the area of permanent
contamination of the Techa. Besides that, migration of radionuclides from the
cascade of reservoirs and by-pass canals has been observed,the volume of filtered water is
about 10 7 m3 per year (Genesis and conception..., 1993).

The aims of this study are the following: - to continue the investigation of
distribution of radionuclides in the principal components of the Techa river
(Trapeznikov et al., 1993).
- to get the first estimate of the contamination of sediments of the Iset, Tobol, Irtysh
and Ob rivers.

Sediment and water samples were collected in 1990-1994 from the Techa, Iset,
Tobol and Ob rivers. The samples from the Techa were taken in two-three replications
at four locations, which are located 49, 78,177 and 237 km respectively, from point
of discharge. Besides that, sediments were collected from the Iset river (near villages
Krasnoisetskoe and Mekhonskoe), from the Tobol river (near towns Kurgan and
Jalutorovsk), from the Irtysh (near town Khanti-Mansiysk) and from the Ob river
(before and after confluence with the Irtysh river and near town Labytnangy).

Sediments of the Techa river are enriched to a greater degree with Cs-137 than
with other radionuclides. Compared with the global fallout levels in sediments, the
Techa samples showed Sr-90 and Cs-137 concentrations one to four orders of
magnitude higher (Aarkrog et al, 1991). The power function was best suited to describe
the behaviour of Cs-137 in sediments: y = e a*x b, where "x" is the distance in km from
the point of discharge (Trapeznikov et al.,1993).It should be noted, that the repead,
improved investigation in 1992 showed the good convergance of real results with model
(Trapeznikov et al, 1993a). On the basis of the data of concentrations of
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radionuclides in sediments and hydrological characteristics of the Techa river
(Resources...,1973) we estimated the store of radionuclides in 0-10 cm layer of sediment
for the part of the river starting 49 km from sources and ending 240 km downstream.
It is the following:

Sr-90 - 3*10 11 Bq, Cs-137> ->6*10 12 Bq, Pu-239,240 - 8*10 9 Bq.

Our study before has shown, that the concentrations of Sr-90, Cs-137 and Pu-
239,240 in the Techa river water decrease with distance "x" in km from point of
discharge according to the exponential model: y = e (a+bx) (Trapeznikov et al.,
1993). Comparison with the concentrations of radionuclides in rivers of
northern moderate latitudes shows that the contents of >Sr-90 and >Cs-137 in the
water of the Techa river is two or three orders of magnitude higher (Aarkrog et al.,
1991). Using the data of contents of radionuclides in water and main hydrological
characterictics (Resources. ..,1973) of the Techa river we calculated the total store of
radionuclides in water as a function of distance "x" in km from point of
discharge. It is following:

Sr-90 - 2*10 10 Bq, Cs-137 - 10 9 Bq, Pu-239,240 - 10 6 Bq.
It should be noted that the Sr-90 concentration have decreased about two times

during water passage through Techa river. While water flow is increased from the
Nadyrov bridge to the end of the Techa more than ten times. It means that
radionuclides are released to the river water during its passage through the Techa.
Possible source of additional pollution is sediment and the flood plain of the river
(Molchanova et al, 1994).

The calculation the total contents of radionuclides in the Techa river has shown,
that the water, sediments and flood plain contain about 0.3 PBq Cs-137, 0.2 PBq Sr-
90 (Trapeznikov et al.,1993). The greatest part of the radioactive disposals, about
7.1 PBq, has accumulated in the cascade of reservoirs in the upper reaches of the river
(Conclusion ...,1991). Accoding to calculations, the total amount of Sr-90 and Cs-
137 discharged in 1950,s into the open river ecosystem is presently estimated as
8.9 PBq, taking into account radioactive decay. Thus, about 1 PBq of radioactive
discharges has migrated outside the Techa and is found in the Iset-Tobol-Irtysh-Ob
river system or even in the Arctic Ocean.

In order to get a first estimate of the contamination of the Iset, Tobol, Irtysh and
Ob rivers we determinated the Sr-90 and Cs-137 concentrations in the sediments of
several principal sites. The contamination of the Techa river influences the
radionuclides concentrations in the Iset river sediments. The annual transports at
Mekhonskoe with Iset river water ( to 1.1 TBq Sr-90 and 0.04 TBq Cs-137) may be
compared to the transport of radionuclides at Pershino with the Techa river water .
The data have shown that the Miass river contributes to the contamination of the Irtysh -
Ob river system with long-lived radionuclides (Trapeznikov et al.,1993a).

The levels of the Tobol contamination found at Kurgan were high and indicated
the possible presence of some unknown sources at the upper part of river. The samples
collected at Jalutorovsk show that the Tobol sediments have higher concentrations of
radionuclides after the confluence with Iset river than before, because Iset river is more
contaminated than the Tobol river (table). In most cases the activity seemad to to have
been fairly homogenously distributed between the sediment layers.
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The samples from the Irtysh river were collected in 1993 9 km before the
confluence of the Irtysh with the Ob river. The mean Cs-137 concentration in the
sediment was 6 Bq/kg. The vertical distribution of the activity in the sediments did not
show any clear trend.

The sediments from the Ob river were collected in 1992 near Labitnangi,
situated about 300 km from the outlet of the Ob into Obskaja Guba at the Kara Sea.
In 1994 samples were collected 5 km before and 5 km after confluence with the
Irtysh river. All result are summarized in Table. It appears that the Cs-137 levels in
the Ob sediments before and after confluence with Irtysh do not change
significantly.lt is difficult to see any systematic changes in Cs-137 concentrations with
depth. In some cases the top 5 cm show higher concentrations than the deeper
layers, in other cases peek concentrations are found in a depth of 15 cm. An
attempt to date the sediments from Labitnangy with the Pb-210 method was
unsuccessful. The layers were mixed so it was impossible to determine their age.
Livingston and Panteleev in 1994 have succeeded to date the sediment layers from a
station in the Ob esturnary. The maximum Cs-137 concentration was found in the
layer from 1966. This suggest that the Cs-137 primarily has come from instant run-
off of global fallout deposited in the Ob river drainage area. The investigations will be
continued in order to get final evidence of the contamination of the Ob river system
from the Ural sourses.
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River

Tobol

Iset

Irtysh

Ob

Site

Kurgan town

Jalutorovsk
before confluence
with Iset
after confluence
with Iset
Jalutorovsk

Khanti-Mansiysk

Surgut town
Gusinyjahr
before confluence
with Irtysh
Neulyovaya
before confluence
with Irtysh
5 km before
confl. with Irtysh
5 km after
confl. with Irtysh
Lamskaya
after confluence
with Irtysh
Labitnangy

Sediment
layer, cm
0-32
0-29

0-54

0-27
0-33

0-35

0-20

0-25

0-25

0-35

0-30

0-20
0-34

Sr-90
kBqm2

8.1
3.5

1.5

2.5
8.1

-

1.6;0.8

0.6;0.8

1.7;1.4

-

-

2.5;1.5
2.2;0.2*

Cs-137
kBqm2

5.2
8.6

1.6;0.3*

2.6;0.5*
4.3

2.2;2.1

l.l;0.9

1.2:1.6

2.6:1.2

2.2;1.4

1.5

0.9;2.2
3.9;0.5*

*Sample was analysed by Risoe.The discrepancy between the IPAE and Risoe data
may be because the samples were not identical, however, it may also be due to analytical
problems.
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An Assessment of the Contribution by the Enisey and Ob into Total
Radioactive Contamination of the Kara Sea.

Yu. V. Kuznetsov

V. G. Khlopin radium Institute, Russia

The transfer of radionuclides by the Ob and Enisey into the Kara Sea is considered
as a probable source of total radioactive contamination of the Sea. The V. G. Khlopin
Radium Institute in St. Petersburg for 25 years has been conducting regular
exploration, including expedition surveys, of the regions experiencing impact from
radiochemical plants situated in the Urals and Siberia. These investigations were
carried out in two zones:

A The near zone which is situated in the immediate vicinity of radiochemical plants
(up to distance 200-300 km down-stream of the investigated rivers) and

B The far zone which is situated in the middle and lower streams of the Ob and
Enisey river, including the Ob and Enisey bays.

This presentation contains data on the radioactive contamination of investigated river
systems in the near and far zones over a long time period of observations. Also,
results obtained by expeditions on the research vessels «Dm Mendeleev*, «M.
Keldysh» and the hydrographic vessel «Dm. Ovtsyn» that were conducted in the late
summer and autumn of 1993, are discussed.

The expeditions surveying the radioactive contamination of the Ob rivers aquatic
system were undertaken by the Radium Institute in 1970 and 1977. The greatest
interest was in the distribution in the system of Sr-90, the radionuclide, whose
maximum permissible content in drinking water is limited the most strictly (4x10"10

Ci/L). It is also known that after the Kyshtym accident of 1957 Sr-90 was the
prevailing radionuclide in environmental radioactive contamination. Data obtained by
us in 1970 revealed increased contents of this radionuclide, as compared with the
global level, in waters of the Tobol and Irtysh rivers (up to 200 mBq/L on average)
which rapidly (by 4-5 times) decreased towards the Ob bay.

In 1977 almost along the whole Ob and its tributaries a sharp decrease of Sr-90
content to the 25-35 mBq/L was observed. Assuming that the supply of Sr-90 into
the aquatic system (due to its washing out from the water catchment area) during
that period of time was constant, then the observed decrease of the Sr-90 between
the bottom sediments and the waterphase found by us (100-800) testify in favour of
this.

The contribution of the Tom river into the total contamination of the Ob river aquatic
system is caused mainly by induced radionuclides (Co-60, Co-58, Co-60, Mn-54, P-
32, Zn-65 and other) and fission products (Sc-46, Cs-137, Sr-90, Zr-95, Nb-95 and
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other) released to the river as part of cooling waters of industrial reactors. These
radionuclides radioactive decay and their efficient absorption by bottom sediments is
the reason why these nuclides are not detected in the Ob river water 1500-2500 km
before its mouth.

A study of the Enisey rivers system radioactive contamination also showed that the
main contamination radionuclides in the impact zone of the radiochemical plant,
situated not far from Krasnoyarsk (near zone), were also long-lived induced
radionuclides mentioned above released to the Enisey waters in the cooling waters
of industrial reactors. In the near zone the contribution of Sr-90, Cs-137 and Pu-239,
240 into the total radioactivity of water and bottom sediments is not large, but beyond
the limits of the near zone /in the so called «far zone») these radionuclides are the
prevailing radionuclides in radioactive contamination of the Enisey. After the
decommissioning of 2 out of 3 industrial reactors, concentrations of all short lived
radionuclides in waters, bottom sediments and biota of the Enisey river was
decreased more that 20 times.

It has been shown that river suspensions efficiently with exclusion of Cr-51 and Sr-
90) extract most part of radionuclides from the Enisey waters, promoting its self-
purification.

The transport of radionuclides as part of suspended matters decreases by half in
250-300 km: at distance 800-1000 km from the discharge point Sc-46, Cr-51, Mn-54,
Co-60 and Zn-65 cannot be detected in river waters. High concentrations of
hydrolysing radionuclides (Eu-152, 154, Mn-56, Ce-144 and other) and Cs-137 were
observed in fine-dispersed bottom sediments and in «floodplain soils» (near zone).

The study of distribution of such long-lived radionuclides as Sr-90 and Cs-137 in the
Enisey river aquatic system shows that already at distance of 600-800 km from the
discharge point the content of Sr-90 in river water is equivalent to global, for Cs-137
this distance being even smaller. As before, an association of these radionuclides
with bottom sediments is observed, which is more pronounced for Cs-137 than Sr-
90.

In bottom sediments of the Enisey and Ob rivers mouth zone Cs-137 content is 1-3
Bq/kg (global level). In the mixing zone of river and sea waters the content of Cs-137
in bottom sediments increases up to 20-75 Bq/kg.

The spatial distribution of content of Sr-90 in bottom sediments of the Enisey river
estuary is more uniform. Content of Sr-90 is close to global levels.

The content of Pu-239, 240 in bottom sediments in the near zone is close to global
level or slightly exceeds its. In the far zone content of plutonium in the Enisey river
and the Kara Sea bottom sediments practically coincides with the global level,
excluding the mixing zone, where content of this radionuclide is essentially higher.
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A clear decrease in content of Cs-137 and Pu-239, 240, is recorded in the vertical
section of bottom sediments (taken in estuaries of the Enisey and Ob rivers) from the
surface to deep horizons.

Summarising all the above stated concerning the radioactive contamination of the
Enisey and Ob river systems on may note that the clear marked impact of these
rivers on forming of long-lived radionuclides (Cs-137, Sr-90 and Pu-239, 240)
transported by these rivers in the Kara Sea has global origin.
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1291 in the Ob River

S.B. Moran1, J.K. Cochran2, N.S. Fisher2 and L.R. Kilius3

'Graduate School of Oceanography, University of Rhode Island
Narragansett, R.I. 02882-1197 U.S.A.

2Marine Sciences Research Center, State University of New York
Stony Brook, N.Y. 11794-5000

3IsoTrace Laboratory, University of Toronto
Toronto, Ontario, Canada M5S1A7

It has recently become evident that 129I (t]/2 = 16 Ma) offers unique tracer information on the
circulation and ventilation time-scales in the Arctic Ocean and North Atlantic (Raisbeck et al., 1993; Zhou
et al., 1993; 1994; Smith et al., 1995; Beasley et al., 1995). In particular, 129I tracer fields and
I29I/137Cs ratios can provide precise information on circulation patterns, source water identification, and
ventilation ages of the various intermediate and deep water masses in the Arctic. In order to accurately
utilize 129I and 129I/137Cs tracer information, it is important to define the source function of 129I.
Previous workers have identified the principal source of 129I as nuclear reprocessing emissions at La
Hague, France, and Sellafield, U.K. (Zhou et al., 1993). However, it is important to quantify the
potential input from Russian rivers that have received discharges from nuclear facilities, since riverine
input of 129I may significantly affect models of water mass transport times in the Arctic and North
Atlantic.

The Ob River-estuarine system in western Siberia drains into the Kara Sea and may represent an
important pathway for the delivery of 129I and other anthropogenic radionuclides to the Arctic. The Ob
River is the longest of the Russian rivers (5,410 km), has the largest drainage basin, 2.99 x 106 km2,
and is the third largest Russian river with respect to flow rate (after the Yenisey and Lena Rivers), with a
mean annual discharge into the Kara Sea of 1.34 x 104 m3 s"1. The Ob River has received radioactive
contaminants from global fallout from nuclear weapons testing, local fallout from Novaya Zemlya, and
perhaps most significantly, discharges from nuclear facilities near the Techa, Iset and Tom rivers which
drain into the Ob. In particular, releases of radioactivity from the MAJAK installation near Chelyabinsk
and from the Siberian chemical plant Tomsk-7 have contributed anthropogenic radionuclides to the Ob
and its tributaries. Groundwater contamination of these installations may also lead to anthropogenic
radionuclides being released to the Ob River-estuarine system and the possibility of their ultimate
transport to the Kara Sea and the central Arctic. The goal of this study was: 1) to determine 129I
concentrations in the water column and the partitioning of 129I between colloids and true solution, and;
2) to determine 129I concentrations in surficial sediments of the Ob River.

Water and surface sediment samples were collected in July, 1994, along a -400 km section of the
lower Ob River (Fig. 1). All samples were collected in the freshwater end-member of the Ob River.
Surface water was pumped through 0.2 urn Gelman cartridge filters to collect "dissolved" 129I (<0.2
urn) and further processed using cross-flow filtration to collect truly dissolved (<l,000 nominal
molecular weight, NMW) and colloidal (1,000 NMW-0.2 u.m) samples. A new Osmonics 1,000 NMW
spiral wound membrane (polysulfone) in a PVC housing was used at each station to eliminate cross-
contamination between stations. Subsamples (1 liter) of the size-fractionated water were collected for
determination of 129I by AMS at the IsoTrace Laboratory. Surficial sediments were collected using a
box core and -1 g of the upper 1-2 cm of sediment was subsampled into plastic vials for 129I analysis.

75



Concentrations of "dissolved" 129I (<0.2 urn) range from 0.65-2.81 x 109 atoms/1 (Fig. 2a). In
particular, 129I levels are elevated furthest into the Ob (2.72 x 109 atoms/1) and gradually decrease
toward the delta at St. 8 (2.33 x 109 atoms/1). In addition, DOC concentrations also decrease from the
Ob River proper toward the estuary (Fig. 2b) and are correlated with "dissolved" 129I (r = 0.90 n = 10).
Levels of 129I in the river proper are significantly higher than values of -0.8-1.4 x 109 atoms/1 reported
for the upper Kara Sea (Raisbeck et al., 1993). Within the delta at St. 10, a maximum is evident (2.81 x
109 atoms/1) and is associated with a maximum in sediment 1 2 9I, POC and SPM (Fig. 3a,b).
Concentrations further decrease to values of 1.53-1.67 x 109 atoms/1 toward the estuary. The lowest
"dissolved" 129I concentration (0.65 x 109 atoms/1) was determined on a sample collected from the Taz
River (St. 13), which has no known upstream source.

The colloidal size sampling provides information on the partitioning of "dissolved" 129I in
colloidal and truly dissolved fractions. In particular, the size-fractionated results indicate that 129I
concentrations in the < 1,000 NMW fraction range from 64-85% of "dissolved" in the Ob River to 45%
of "dissolved" in the Taz River (Fig. 2a). Also, the distribution of the < 1,000 NMW fraction along the
cruise track is similar to "dissolved" I29I. Concentrations of 129I determined in the 1,000 NMW-0.2
urn colloidal fraction range from 0.084-0.13 x 109 atoms/1 and are relatively invariant along the cruise
track. As a percentage of the "dissolved" fraction, colloidal 129I represents ~4-6% in the Ob and -20%
in the Taz River. These results indicate that 129I was concentrated in the colloidal size fraction using
cross-flow filtration and that -4-20% of "dissolved" ! 29I is partitioned on colloids by direct
measurement.

129I levels in surface sediments range from 0.64-10.24 x 108 atoms/g (Fig. 3a). Sediment 129I
concentrations are, on average, -200-fold greater than "dissolved" 129I and are correlated with the
concentration of suspended paniculate matter (r = 0.75, n = 12) and paniculate organic carbon (r = 0.81,
n =12). These results suggest that 129I is removed from the water column and deposited in the
sediments by uptake on particles, presumably via active biological uptake and/or passive chemical
scavenging.

The water column 129I results can be used to provide a first-order estimate of 129I output from
the Ob River to the Kara Sea. For this calculation, we use "dissolved" 129I concentrations, which
includes 129I in true solution and non-settling colloidal matter. Using the "dissolved" 129I concentration
furthest into the Ob as an upper limit (2.7 x 109 atoms/1), the 129I concentration in the Taz River as a
lower estimate (0.65 x 109 atoms/1), and the mean annual discharge of 1.34 x 104 m3 s-1, the I29I flux
from the Ob River to the Kara Sea ranges from -0.3-1 x 1024 atoms/yr. On a yearly basis, the calculated
129I output from the Ob River is -0.1-0.6% of the total atoms emitted (5 x 1027 atoms) from La Hague
and Sellafield over 25 years. We estimate that 22% of the total 129I output from La Hague and Sellafield
is now in the Arctic Ocean and 13% in the Atlantic layer alone. Thus, on an annual basis, the 129I output
from the Ob River corresponds to 0.6-2.5% and 1.1-4.2% of the total 129I emissions now present in the
entire Arctic Ocean and in the Atlantic layer, respectively. We also note that these calculations do not
consider temporal variability in 129I in the Ob River; for example, several samples collected in the Ob in
1993 indicate 129I concentrations 2-3 x lower than our results (G. Raisbeck, pers. comm.). In order to
address this issue, and to improve the spatial coverage in the Ob, we are presently analyzing samples
collected in 1995 to more accurately quantify the flux of 129I from the Ob River to the Arctic Ocean.
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Fig. 1 Map showing stations locations occupied in the Ob River, July, 1994.
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Sr-90 discharge with main rivers of Russia into the Arctic
Ocean during 1961-1990

V. B. Chumichev

SPA 'Typhoon', Obninsk, Russia

The input of radionuclides from the waters of the northern rivers of Russia flowing into the
Arctic seas is one of the contributors to contamination of the ocean with Sr-90.

The monitoring of Sr-90 concentrations in the major rivers of the former USSR (the
Severnaya Dvina, Ob', Enisey, Lena and others) was started in the second half of 1961. On
some rivers the observations were organized later. During the year, six samples were taken on
a hydrological post: in summer, autumn and winter - a sample a season and 3 samples during
the flooding (during the rise, at the height and at the end of the flooding season). On some
years, however, a smaller amount of samples were collected from some rivers, the water
samples were of 20 1 volume, the concentration was performed on hydrological stations by
precipitation of carbonates or by sorption on ion-exchange resin. Sr-90 was determined by its
daughter Y-90 and strontium yield determined by calcium yield.

Radionuclides, products of nuclear explosions, deposited from the atmosphere to the ground
surface are the partly washed off with atmospheric precipitation and are delivered with slope
run-off to the rivers. Part of radionuclides are deposited on the water surface directly. It has
been established that an important role in formation of Sr-90 concentration in surface land
waters is played by bottom sediments which are able to absorb radioactive products first and
then desorb them to the river water when concentration in the water falls. It is common
knowledge that the so called «fresh» Sr-90 formed during nuclear explosions has the highest
migration ability as it occurs in water soluble and exchangeable forms. With time its fraction
in the fixed form in soil grows.

Figures 1 and 2 show time change of mean annual concentrations of Sr-90 in the water in the
4 largest rivers of Russia flowing into the Arctic ocean. It can be seen that the concentration
of this radionuclides in 3 rivers was the highest in 1964 after the nuclear explosions of 1961-
1962. The highest radioactive depositions were reported in 1963, whereas. In the Enisey
water, the highest average annual concentrations of Sr-90 were reported in 1966. In the
following 4 years after the Moscow agreement was signed in 1963 to ban nuclear weapons
testing the concentration of this radionuclide fell in the water of different rivers by 2-5 times
as compared to the maximum concentration reported in 1964, while the levels of radioactive
depositions were decreased by 1968 by an order of magnitude as compared to the maximum
values of 1963.

Later on, from 1968 to the beginning of 90s, Sr-90 concentrations in the surface land waters
were due to the surface run-off of the radionuclides and, in particular mainly, the «fresh»
strontium deposited after powerful nuclear explosions from 1967 to 1980. These
concentrations were also determined by the processes of sorption and desorption in bottom
sediments. On the whole, after the maximum values were reached in 1964 there was no
common trend time change of the radionuclide level in different rivers, which is associated
with different climatic, hydrological and other conditions of flow formation in different rivers.
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It should be noted that the concentration of Sr-90 in Ob' is influenced by the Sr-90 input from
«Mayak» with the waters of the Techa and Karabolka river.

Using data about concentration of Sr-90 and water flows, the discharge of radionuclides by
rivers was estimated. Over the time period of our observations, the discharge of the
radionuclide changed in a wide range from year to year and this was due to changes in both
Sr-90 concentration and water flow. The main part of Sr-90 (50-70%) is discharged with
rivers during two to four months of the flooding season.

Table 1. contains Sr-90 discharge with main rivers of Russia in to the Arctic ocean from 1961
to 1990. The total discharge of Sr-90 to the Arctic seas over this time period was

the White and Barents seas
the Kara sea
the Laptev sea
the East Siberian sea

381 PBq
1355 Pbq
462 Pbq
170 Pbq
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The Study of the radionuclides carry out to the Northern Seas by
Enisey River

A. Martynov, A. Nosov, V. Shabanov, V. Vorobiev

Scientific Centre of Russian Academy of Sciences, Krasnoyarsk, 660036, Russia

For more than 30 years Krasnoyarsk mining and chemical plant has discharged radionuclides
into the Enisey River. The quantity of falling out radioactivity was depended basically from
the operation regime of one power reactor and two once-through-cooled ones. It is enough to
say, that only from 1987 till 1992 into the Enisey River was discharged about 4.6x106 Ci of
radioactivity from which only 600 Ci was long-lived radionuclides such as ^Co, 90Sr, I52'
154Eu, 137Cs and 239240Pu. Since 1992 radioactive effluents have decreased more than 15 times
owing to stopping of the two once-through-cooled reactors. Nevertheless, the polluted river
bed and river floodplain will serve for a long time as a source of secondary radioactive
pollution of the river.

Transportation of the long-lived radionuclides to the Kara Sea depends on the hydrological
conditions of the Enisey River. The most part of the radionuclides are carried out to the sea
with suspended solids during the spring flood period, when the washing out of polluted river
bed and floodplain take place. Radionuclide migration with polluted ice has a considerable
role in the radionuclides transportation over large distances. The ice-blocking attended with
the winter floods are often observed on the Enisey River, at such periods there is pollution of
the solid ice cover by river sediments containing radionuclides. the polluted ice is carried out
to the Enisey Bay of the Kara Sea by the spring flood and may drift great distances. Although
the absolute radioactivity value of long-lived nuclides carried out by ice is not great,
nevertheless radioactive pollution sites may be formed at places of ice accumulation on the
river bank. As have shown by our researches, undertaken between (1990-1994) the formation
of localised sites of elevated radioactive pollution on the Enisey River banks to a distance
more than 300 km below the radionuclides fall-out site may be explained by the migration of
polluted ice. The density of the polluted ground by Cs-137 on such sites can reach more than
20 Ci/km2 (v. Aleksino at 600 km below the Krasnoyarsk mining and chemical plant). High-
active particles were detected in some ground samples too.

In future it is necessary to provide for more detailed studies of the radioactive pollution of the
coastal zone at the time of Enisey River low flow and the Kara Sea banks with a view to
detecting the after-effects of long-lived nuclides activity transportation.

The study of the various processes of radionuclide transportation by the Enisey River to the
northern seas is an urgent problem, especially with the possible increase in radioactive waste
bulk release to the environment in the future, connected with the start up of the fuel
reprocessing plant RT-2 at Zeleznogorsk.
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RISK ASSESSMENT OF RADIOACTIVE CONTAMINATION FOR THE YENISEI

RIVER AND ITS CONSEQUENCES FOR THE KARA SEA ECOSYSTEM

Ivan I. Kryshev

Institute of Experimental Meteorology, SPA "TYPHOON",

Obninsk, Kaluga Region, 249020 Russia

The present paper provides an assessment of the impact of

radioactive contamination on the radioecological state of the

Yenisei River and the Kara Sea ecosystem. An assessment of the

radioecological state was made on the basis of exposure dose

assessment for the population and aquatic biota.

For over thirty years the Krasnoyarsk Mining and Chemical

Industrial Complex (KMCIC) has been the main source of radioative

contamination of the Yenisei River. In 1992 two reactors at KMCIC

were stopped and removed from service. This resulted in a

considerable reduction of radioactive contamination of the

Yenisei River.

Table 1 presents the estimates of average fluxes of

radionuclides in the near and remote zones impacted by discharges

from KMCIC in 1985-1991. The estimates obtained are indicative of

comparatively small values of long-lived radionuclides fluxes in

the remote zone of spreading of discharges from KMCIC. One can

draw a conclusion that these discharges have a fairly weak impact

on radioactive contamination of the Kara Sea.

Table 2 presents the exposure dose rate assessments for fish

calculated by the methods discussed in (Woodhead, 1979; Kryshev

& Sazykina, 1986) . Outside the near zone (0 - 15 km) impacted by

KMCIC the values of dose loads on fish are within the range of

the so called "low doses". However, even at a distance of 250 km

from the source of discharge they can exceed the natural

radiation background.

An asessment of dose loads resulting from fish consumption

is given in Table 3. The maximum dose resulting from consumption

of 1 kg of fish from the Yenisei River amounted to 50 juSv and

was mainly accounted for by 32P. On the average, at a distance

of up to 2 50 km from the source of radioactive discharge a

dose from consumption of 1 kg of fish was 10 /xSv, and in the
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distant contamination trace it did not exceed 0.6 juSv/kg. On the

average, as fresh-water fish is consumed within 250 km of the

site of discharges, the annual radiation risk of carcinogenesis

calculated in compliance with recommendations of the ICRP

Pulication 60 amounts to 10~5. For fishermen and members of their

families it can be increased by an order of magnitude. In the

distant part of the contamination trace (including the Kara Sea)

the value of risk from fish consumption amounts to 10"7 - 10"6,

which is considerably lower than the risk posed by the natural

radiation background.
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TABLE 1
The estimated average fluxes of radionuclides (TBq a"1)

into the Yenisei River in 1985-1991

Radionuclide

32 p
46SC
51Cr
54Mn
58Co
60CO
59Fe
65Zn
90Sr

137Cs
Average annual
water discharge,

km3 a"1

Near zone
(0-15 km from the
site of discharge)

1800 ± 1000
9 ± 4

2300 ± 1200
9 ± 5

40 ± 20
5 ± 1

20 ± 10
17 ± 8

1.6 ± 0.7
6 ± 3
90

Far zone
(13 60 km from the
site of discharge)

-
1.7 ± 1.0
250 ± 150
1.0 ± 0.7
2.5 ± 1.4
1.4 ± 0.8
2.8 ± 1.0

-
1.5 ± 0.6
1.8 ± 1.0

350
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TABLE 2
The estimated exposure doses for fish of the

Yenisei River

Distance from the source
of discharge (km)

Dose rate from incorporated
technogenic radionuclides,

(mGy a"1)

80 (upstream from the
discharge)

16 (downstream from the

6 0

250
850
1360

discharge)

(
(
( " )

" )
" )

Natural radiation background

0
0

0.2

4

3
1.3
.03
.02
0.7

- 2.0

- 13

- 80
- 17
- 0.1
-0.07
- 4.0

TABLE 3
The estimated effective equivalent exposure doses for the'
population consuming fish from the Yenisei River, /xSv a"1

Distance from the
source of discharge

(km)

Dose from fish consumption (/iSv a )
m=lkg a

Average

-l

Maximum
m=20kg a m=100kg a"

80 (upstream from
the discharge)

16 (downstream from
the discharge)

60 ( " )
250 ( " )
850 ( " )

1360 ( " )

1.2

5.8

24
5.5

0.28
0.20

2.2

9.2

50
12

0.60
0.40

24-44

120-180

480-1000
110-240
5.6-12
4.0-8.0

120-220

60-920

2400-5000
550-1200
28-60
20-40
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An estimation of the impact of radioactive waste discharges into
the Enisey River on the Kara Sea radioactive contamination

S. M. Vakulovsky

Scientific Production Association 'Typhoon' Obninsk, Russian Federation.

Cooling waters from three reactors have been discharged into the Enisey since 1957.
Radioactive monitoring of water and bottom sediments was based on systematic observation
oat stationary monitoring sites and field studies. Regular observations were carried out in the
near zone of the discharge and at measuring sections at 250 km 370 and 890 km from the
discharge point. The major contributors to water radioactive contamination were sodium-24,
phosphorus-32, scandium-46 manganese-54, chromium-51 and zinc-65. At a distance of 15
km from the point of discharge of cooling waters, the concentrations of short-lived
radionuclides were 10-100 times and those of long-lived radionuclides 100-10000 times lower
the levels set by standards of radioactive safety. The studies of interface distribution in the
river water suspended material system show that only sodium-24, chromium-51 and
phosphorus-32 move in the liquid phase in the river water, whereas caesium-137 is evenly
distributed between the suspended material and the liquid phase, most radionuclides moving
primarily with the suspended material.

The proportion of each radionuclide associated with the suspended material has been found to
be practically the same over the river section under study. Inventory was made of the amount
of long-lived radionuclides over the 1900 km long section of the river and assessment of flow
of radioactivity into the Kara Sea. Information about the concentration of radionuclides in the
water of the Enisey River and the radionuclides concentration in bottom sediments is
presented in table 1 and 2.
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TABLE J . The concentration of radionuclides in the water

of the Yenisei River, mBq/1 (1985-1993)

Radionuclide

46Sc

54Mn

" C O

S0Co

59Fe

"Zn

1 3 7Cs

Distance from

the source of

discharge,km

250

850

13 60

250

850

1360

250

850

1360

250

850

1360

250

850

1360

250

850

i 2 f, 0

250

850

1360

250

850

1360

19 8

Years

5-1992 199

(oil average)

11

5

=;

L 9 0 0

iioo

700

8

3

3

26

12

-,

7

4

4 2

7

8

23

6 +

5

5

± 6

i 3

± 3

Z 1200 7 0C z

: 700 1 5 0 :

+ 400 160 ±

± 4

± 2

± 2

+ 12 4 ±

i 8

z 4 10 t

± 5

±2 8 ±

± 2

± 2 0

1 3

i •;

2 10

-

-

3 2 ± 1

+ 2 6 ±

= 3 2 +

2 1993

-

-

-

80

14 0

140 "

-

-

-

2

-

8

-

4

-

-

-

-

-

-

-

1.0 ± 0.5

4 2 ± 1

1 2 ± 1
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TABLE 2. Radionuclide concentrations in bottom sediments of

the Yenisei River (0-5 cm layer) in August 1973,

Bq/kg, dry weight

Radionuclides Distance from the source of discharge, km

6 250 800 1930

51Cr

J''Mn

58Co

60CO

59

65

Fe

Zn

"'Cs

13?CS

144Ce

152Eu

Total, k3q/nr

5550

26000

37 00

3300

7400

6700

25000

2400

7800

1850

3700

1100

5800

560

-

7 0 0

700

650

210

4200

40

700

2500

310

60

62C

50

-

•10

60

80

-

400

2

300

60

40

-

10

70
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On "Tc, 1 3 7 CS and 90Sr in the Kara Sea
Henning Dahlgaard

Rise National Laboratory, Roskilde, Denmark

Abstract
Technetium-99 in the Arctic seas originates mainly from European reprocessing plants whereas 1} Cs
and ^Sr have many sources. It appears that for' 'Cs, re-mobilisation from the Irish Sea ofsedimented
activity from earlier discharges and the outflow of Baltic -water contaminated with Chernobyl activity,
are more important sources to the present contamination of the Kara Sea than new European
discharges. As opposed to 137Cs and "Tc, KSr is correlated with low salinity waters. It is argued, that
this is due to runoff of global atmospheric fallout ^Srfrom land.

Sources
Man made radionuclides have been studied in waters of the North-East Atlantic and the Arctic for 4
decades (Aarkrogef ai, 1987; Livingston, 1988; Dahlgaard, 1994; Dahlgaard et al., 1995; Kershaw
& Baxter, 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 " ' ^
ratio of-1.5. Later, European nuclear fuel reprocessing plants, especially Sellafield in the United
Kingdom gradually increased the 137Cs/"0Sr ratio in the North East Atlantic, including the Arctic
Ocean and the East Greenland Current. The European discharges resulted in an increase of the
9 9 TC/ I J 7 CS ratio by an order of magnitude in the East Greenland Current Polar Water (DahJgaard,
1994). Finally, the Chernobyl Nuclear Power plant accident in April/May 1986 provided significant
injections of 137Cs and I34Cs, especially in the Baltic Sea.

Transport from West-Europe
To quantify the transport from point sources in Europe to the Arctic, Transfer Factors have been
used. Having estimated a representative transport time, t years, a Transfer Factor (TF) is calculated
as the quotient between observed concentrations in the environment and an average discharge rate t
years earlier. The unit for the transfer factor, Bq m"3 / PBq yr'1, is equal to 10'15 yr m'3; i e . a TF
value of 1 indicates that 10'15 annual discharges are present per m3. Transfer factors from Sellafield
to different sea areas are shown in Figure 1. The estimated transit time from Sellafield to the south-
eastern Barents Sea and the Kara Sea is 5-6 years. The transit time from La Hague is estimated as 3 -
4 years, and from the Baltic outlet through the Danish Straits 2 - 3 years. Further transit times are
given in Dahlgaard (1995).

Discharges of 137Cs from Sellafield (UK) and La Hague (France) are shown in Figure 2 with
an example of resulting concentrations in the Kara Sea applying the transfer factor concept. In
practice, the picture is much more complicated. Due to complex hydrographic transport patterns,
each individual discharge will be dispersed to a variable degree when arriving at the sampling points
downstream from the discharge. Therefore, distinct peaks in the discharge will be smoothed over a
certain period of time, and water samples will contain fractions of discharges that are several years
older than the given central transport time. This "tail" effect is presently very important in the Arctic
as the discharges from Sellafield has decreased 2 orders of magnitude for 137Cs and one order of
magnitude for "Tc.

Kara Sea
Figure 3 and Table 1 shows radionuclide concentrations measured at Rise on Kara Sea

surface waters from the Russian-Norwegian sampling cruises 1992 and 1993. Applying a Transfer
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Figure 1. Major surface currents and transfer faaors from Sellafield to different sea areas (from
Dahlgaard, 1995).

Table 1: measured radionuclide concentrations (Bq
Russian-Norwegian sampling cruises 1992 and 1993.

m"3) in Kara Sea surface waters from the

Year

1992
1992
1992
1992
1992
1992
1992
1992
1992
1992
1993
1993
1993
1993
1993
1993
1993
1993
1993

°N
71.30
74.30
75.30
74.30
74.30
73.30
72.30
71.30
70.00
70.23
74.22
74.26
74.19
74.13
72.31
72.33
72.30
72.40
72.21

°E
58.00
62.00
72.00
70.00
66.00
68.00
62.00
64.00
56.00
31.31
58.41
58.37
58.53
58.55
55.30
55.22
55.36
58.10
57.50

Salinity %o

33.0
31.3
8.7
10.1
27.5
20.6
31.0
30.6
30.6
33.9
14.4
14.7
14.2
15.4
18.1
22.1
17.8
31.8
31.7

"Tc
0.197
0.156
0.064
0.063
0.172
0.135
0.150
0.155
0.157
0.144
0.132
0.110
0.083
0.097
0.127
0.124
0.101
0.154
0.142

137Cs

9.8
12.1
4.5
4.8
10.5
9.6
9.8
8.9
8.5
7.1
5.7
5.8
5.2
5.5
9.2
6.7
6.2
7.9
7.3

"Sr
3.4
3.7
5.6
6.0
4.5
6.1
3.4
3.2
3.2
2.7
5.7
5.4
6.0
5.3
5.4
5.0
5.1
2.8
2.5
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Figure 2. Releases of 137Cs to coastal waters from Sellafield (UK) and La Hague (France), and
estimated concentrations in the Kara Sea assuming a Transfer Factor of 5 Bq m"3 / PBq yr"1.
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Figure 3. Sampling sites and level of wTc in the Kara Sea 1992 and 1993.
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Figure 4. Cs / Sr ratios in Kara Sea surface water samples 1992 and 1993.
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factor of 10 Bq m"3 / PBq yr"' and the above mentioned 5 and 3 year transit times from Sellafield and
La Hague, respectively, would give 0.10 Bq wTc 1992-1993. As the average value observed is 0.13
Bq m'\ uew transports from Sellafield and La Hague may explain most of the observed activity,
whereas the "tail" effect can account for the rest. Doing the same for I37Cs only explains 0.25 out of
the observed 5 - 12 Bq m'3 as direct transport. As the decrease in the discharge of 137Cs has been an
order of magnitude sharper than for 99Tc, more recirculation of old activity could be expected. There
are, however, two additional sources of 137Cs: remobililisation of sedimented I37Cs in the Irish Sea
has been estimated at approximately 260 TBq yr"1 (Hunt & Kershaw, 1990), and after the Chernobyl
accident in 1986, the efflux of lj7Cs from the Baltic through the Danish Straits has been around 100
TBq yr'1. Under the same assumptions as above, this would lead to additionally 2.6 and 1 Bq l37Cs
m'3 in 1992-1993. The global fallout background in the Atlantic water flowing towards the Arctic is
2.8 Bq I37Cs m"3 (Dahlgaard et al., 1995), Le. we can now explain 6 - 7 out of the observed 5 - 12 Bq
m'. The remaining activity could be explained with the "tail" effect including recirculation of Arctic
water holding higher levels of I37Cs than the Atlantic water (Dahlgaard, 1994). Furthermore,
applying transfer factors from Sellafield may underestimate transport from La Hague and the Baltic.

The concentration of ^Sr is less influenced by the European discharges, and the !37Cs / 90Sr
was low in the Arctic seas before Sellafield increased the level (Livingston, 1988), probably because
of excess ^Sr runoff with river water. This effect, caused by the larger mobility of '"Sr as compared
to ly7Cs, is clearly visible in the present material. It appears furthermore, that the observations for
1993, where the fresh water originates in the fjords of Novaya Zemlya, fits with the data from 1992,
where the fresh water originates from the large rivers Ob and Yenisey (Figure 4). Both nuclides
relate clearly to salinity. Extrapolating linear regression lines to zero salinity gives 3.4 Bq I37Cs m"3

and 7.7 Bq 90Sr m'3. The observations could thus be explained if these values represented
concentrations in the fresh water runoff from Ob/Yenisey as well as from Novaya Zemlya. These
numbers can be compared with a resent dataset on drinking water from Greenland measured at Risa
showing 1.1 ± 1.1 Bq lj7Cs m'3 and 3.7 ± 1.1 Bq 90Sr m"3. These observations strongly supports the
hypothesis, that the excess ^Sr connected to loiv salinity water in the Kara Sea originates mainly
from the above mentioned natural process: runoff of 90Sr from land. The Greenland data furthermore
suggests, that the Kara Sea excess 90Sr is mainly runoff of global fallout.

How much of the observed radionuclides could come from the nuclear material dumped in
the Kara Sea? As the present marine discharges from Sellafield and La Hague show a considerable
degree of 137Cs depletion, a significant 137Cs contamination from the dumped material would
presumably result in inhomogeneous 137Cs / 99Tc ratios. Also, '"Sr might be expected to be more
soluble than 137Cs leading to low l37Cs / ^Sr ratios close to the dumped material. This does not
seem to be the case. Based on the present data, the dumped activity in the Kara Sea seems thus not
to increase the level of "Tc, 137CS and 90Sr measurably in seawater. As there is a political need to
show an effect of dumping, it is therefore suggested to intensify the studies in the Kara Sea.
Otherwise, we may have to conclude, that dumping in the Arctic marine environment is an
acceptable option, which is not in agreement with the current environmental policy.
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INTRODUCTION

The study of artificial radionuclides in the Arctic has had renewed impetus in recent
years following the revelation that the Former Soviet Union had dumped liquid and
packaged solid wastes (including irradiated nuclear fuel in damaged submarine
reactors) in the shallow waters of the Kara and Barents Seas (Yablokov, et al, 1993).
An impact assessment of the dumped wastes requires that radionuclide inputs to the
Arctic Ocean, from all other sources (Aarkrog, 1993), be accounted for..

Significant quantities of radionuclides, arising from nuclear fuel reprocessing in NW
Europe (Sellafield, UK; La Hague.F), have been transported to the Arctic, particularly
in the 1970s and 1980s. Sellafield has dominated the supply of 137Cs in this category
(97.7%; approximately 14PBq). The quantities and transport pathways of reprocessing
wastes transferred to the Arctic are the subject of a recent review(Kershaw and Baxter,
1995).The current paper reports 137Cs concentrations in the Norwegian, Greenland and
Barents Seas in 1994, compares the results with those from earlier investigations, and
provides an estimate of 137Cs fluxes into and out of the western Barents Sea.

MATERIALS AND METHODS

Surface and sub-surface water samples were taken during September and October
1994, from RV Cirolana, for 137Cs, ^Sr, "Tc, ^ ^ U and 129I determination. Data for
Ij7Cs are presented in this paper. The collection and analytical methods are described
elsewhere (Kershaw and Baxter, 1995). Sampling locations are indicated in figure 1.
CTD and water sections were worked as follows: along the Nordic WOCE section
north of the Denmark Strait; along 71°N from the Greenland coast towards Jan Mayen
Island; south of the Fram Strait at 77° 35'N; from Norway to Spitsbergen along 20°E
and 29° 55'E; and, off the west coast of Norway along 65°N.

RESULTS AND DISCUSSION

The surface concentrations of lj7Cs (Bq m'3) in 1994 are shown in figure 2 with the
symbol size proportional to the concentration. The distribution pattern was similar to a
previous MAFF survey in 1989 (Kershaw and Baxter, 1995) with highest
concentrations in the northern North Sea, decreasing gradually along the Norwegian
Coastal Current (NCC) and into the Barents Sea. Concentrations in these regions have
decreased overall, but by a small degree, since 1989 (eg 1-5 Bq m'3). Concentrations in
the central W Barents Sea, associated with the incoming Atlantic Water, were lower
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than in the NCC at the same longitude and in the outflowing waters further north
(Loeng,1991). The concentrations along the east Greenland coast, both at 71°N and
just north of the Denmark Strait, were similar to those in the NCC and higher than
those in the West Spitsbergen Current(WSC). Concentrations between Iceland and
Scottish waters could be attributed to global fallout, although they were lower than the
value of 2.5 Bq m"3 suggested by Dahlgaard, et ai, (1995).

An example is included here of the vertical distribution of 137Cs along one of the CTD
sections mentioned above, namely the 'Bear Island Section' from Norway (Fugloy) to
Spitsbergen along 20°E.The relatively fresh and warm water of the NCC is clearly seen
on the left side of figure 3(a,b). Temperature decreased towards the bottom of the
Bear Island Channel, where the salinity showed little variation. There were steep
gradients in both temperature and salinity south of Bear Island due to the outflow of
relatively cool and fresh water of Arctic origin. These conditions seem to be similar to
those described in the 1970s (Dickson, et al, 1988) when Blindheim (1989) estimated
the net water flux through the Bear Island-Fugloy section to be approximately 2 Sv
(3.1 Sv into the Barents Sea and 1.2 Sv out).In the trough north of Bear Island the
water has similar characteristics to that on the northern flank of the Bear Island
Channel. Overlying this is cool fresh water similar to that around Bear Island.

Figure 3(c) shows the 137Cs concentrations. These were highest in the NCC,
decreasing towards the centre of the Bear Island Channel, ie. in the core of Atlantic
Water. However, similar concentrations were seen in the bottom of the Channel and on
the southern flanks of Bear Island, where Blindheim (1989) demonstrated an outflow
from the Barents Sea.

Figure 4 shows the relationship between 137Cs concentrations and salinity, with
differing symbols to indicate the regions in which the samples were taken. The high
concentrations at salinities between 34.5 and 35.0 psu were from the North Sea. Low
salinity water was found in two regions: along the coast of Greenland (along the Jan
Mayen and Denmark Strait sections) and along the 29° 55'E section. The Greenland
coastal concentrations were about double those in the Barents Sea and represented
contamination from discharges in the late 1970s and 1980s.

Kershaw and Baxter (1995) estimated the flux of l37Cs into the Barents Sea from the
averaged concentration along the Bear Island to Fugloy section and the estimates of
net transport derived by Blindheim (1989). Using the same method yielded a net flux,
in 1994, of 400 TBq a"1 of which 100 - 200 TBq a'1 was of fallout origin (assuming 3 -
5 Bq m"3 arises from global fallout). Overlaying the concentrations measured in
September 1994 on the velocity contours of Blindheim (1989), gave an estimate of 300
TBq a'1 net into the Barents Sea (approximately 3:1 influx to efflux). It should be
possible to make an estimate using the geostrophic velocity, but this depends upon
defining a 'level of no motion', which Blindheim suggests does not exist. Geostrophic
velocities calculated relative to the surface show that the flow between Bear Island and
Spitsbergen is in the opposite direction to the NCC.

SUMMARY

The levels of 137Cs entering the Barents Sea from European waters, principally of
Sellafield origin, have decreased slightly since a previous survey in 1989. This
amounted to 200-300 TBq a'1 in 1994, excluding the contribution from global fallout.
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Concentrations in the Barents Sea were relatively uniform, being slightly higher in the
incoming NCC but lower in Atlantic Water. Higher concentrations were observed
along the coast of Greenland, especially in waters of Polar origin. This is consistent
with Sellafield 137Cs from higher, earlier discharges, entering the Arctic and then
leaving in the East Greenland Current. Two obvious sources of I37Cs are global fallout
and Sellafield. However, data for other radionuclides, sampled during the 1994 cruise,
may enable the identification of any component from the radioactive wastes dumped in
the Kara Sea. Despite the substantial reduction in discharges from reprocessing
operations the transport of a soluble component to the Arctic is both detectable and
quantifiable.
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Figure 1. Location of the stations during cruise of RV Cirolana in September and
October 1994. (+ represents a surface sample only and • indicates a CTD
station).
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Figure 2 . Surface concentrations of l37Cs (Bq m"3) for the whole cruise. The size of
the circles have been changed from those in Figure 2 to show more of the
detail of the variations of the lower concentrations.
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Figure 3. (a) Temperature, (b) Salinity and (c) 137Cs measurements for section along
20°E from the Norwegian Coast to Spitsbergen.
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ESTIMATION OF LA HAGUE CONTRIBUTION TO THE ARTIFICIAL
RADIOACTIVITY OF NORWEGIAN WATERS (1992-1996)
AND BARENTS SEA (1992-1997)

P. GUEGUENIAT, P. BAILLY DU BOIS, R. GANDON

Institut de Protection et de Surete Nucleaire, Departement de Protection de I'Environnement
et des Installations Laboratoire de Radioecologie Marine, rue Max Pol Fouchet, B.P. 10,
50130 OCTEVILLE

The labelling of marine waters off northwestern Europe by artificial radionuclides
discharged by the nuclear fuel reprocessing plants at Sellafield and at La Hague provides a
potentially useful tool for the study of hydrodynamic processes. Sellafield has been
dominant both in terms of the quantities discharged and the impact of its releases on
radionuclides concentrations in northern waters. The contribution of La Hague to the marine
inventory of artificial radionuclides discharged from reprocessing facilities, expressed as a
percentage of the Sellafield releases, amounts to 2.3, 12.2, 12.6 and 0.4 % for 137Cs, 90Sr,
" T c and Pu respectively (Kershaw, Baxter, 1995). In this context, the present investigation
introduces a tracer, 125Sb, which is conservative within the water mass and which is
characteristic of release from the La Hague establishment.

The 125Sb releases from the fuel reprocessing plant at La Hague between 1982 and
1992 are given Fig.l. The main events in the history of releases include a relatively important
increase during the winter of 1986-1987, with a maximum covering December 1986 (20,500
GBq), January 1987 (22,000 GBq) and February 1987 (20,000 GBq), followed by an overall
irregular decrease until December 1991 (260 GBq). A study of the transfer of the La Hague
signal released during the winter of 1986-1987 provides a good opportunity to estimate
broadscale transit times through the Channel and the North Sea.

A comparison of the releases from Sellafield and La Hague for 137Cs, "Sr , "Tc ,
125 Sb is given in Fig. 1.

TRANSFER PATHWAYS IN THE EASTERN ENGLISH CHANNEL

Combined with recent advances in hydrodynamic modelling, the results of the study
show that:

- The transport of dissolved matter between the middle of the Channel and the
Straits of Dover occurs with a transit time of 4-8 months, depending on the type of advection
involved (i.e. rapid central, intermediate or slower coastal routes). So the nearshore waters
along the macrotidal eastern Channel coast of France retain a memory of injected tracers over
a period of several months.

- The transfer rate and intensity of a signal released from La Hague is highly
dependent on meteorological conditions, especially those prevailing in the area at moment of
discharge.

- A release consisting of 10,000 GBq of conservative radionuclide (125Sb,
" T c , 90Sr or 137Cs) from La Hague will produce mean activities of 30-60 Bq m~3 in the
Straits of Dover (Guegueniat et ah 1993).
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TRANSFER PATHWAYS IN THE NORTH SEA

- Analysis of the data collected between 1987 and 1991 shows that a large part
of the Channel waters entering the North Sea follow a route along the Belgian, Dutch, German
and Danish coasts, while undergoing a low degree of dilution with other marine waters
circulating in the central North Sea labelled by Sellafield releases and particularly 137Cs.

- Estimates are given for the transit times from Cap de la Hague to various
sectors of the North Sea ; it takes about 16 months for labelled waters to reach the Norwegian
Channel (60°N) which is the only exit for waters entering the North Sea. By contrast, it takes
3,5 years for waters labelled by Sellafield releases in the Irish Sea to reach the Norwegian
Channel (Dahlgaard etal, 1988).

- It may be concluded that a release of 10,000 GBq per month of a conservative
radionuclide from the La Hague establishment produces an activity of 3-4 Bq nr3 in
the Norwegian Channel (Guegueniat et al., 1994).

ESTIMATED CONTRIBUTION OF RELEASES FROM LA HAGUE TO THE
ARTIFICIAL RADIOACTIVITY OF WATERS IN THE NORWEGIAN CHANNEL AND
BARENTS SEA DURING 1995 AND IN THE FUTURE

After their passage through the North Sea, conservative radionuclides released by
Sellafield and La Hague are transported northward by the Norwegian Coastal Current before
branching off northern Norway. One branch, corresponding to the Nordkapp Current, passes
eastwards into the Barents and Kara seas, while the other becomes the West Spitzbergen
Current. The transit time between the Irish Sea and the Barents Sea is about five years
(Livingstone et al., 1984; Kershaw and Baxter, 1995). Thus, the transit time between the
middle English Channel and the Barents Sea can be estimated as about 3 years. The dilution
factor of a conservative radionuclide between the Norwegian Channel and the Barents Sea is
thought to be approximately 2 (Kershaw, pers. comm.).

The waters now circulating in the Norwegian Channel and Barents Sea in 1995 are
labelled by releases from La Hague that took place during the periods September 1993 to
September 1994 and January 1992 to December 1992. On this basis, and taking account of the
amounts of these releases from La Hague, it may be assumed that the contribution of this
source to the 1995 artificial radioactivity (units : Bq nr3) of these waters will be as follows:

1 2 5Sb: 0.16-0.22 in the Norwegian Channel 0.10-0.15 in the Barents Sea
9°Sr: 0.7-0.9 " " 0.2-0.3

1 3 7Cs: 0.10-0.16 " " 0.035-0.050
0.018-0.024 " " 0.05-0.08

As a comparison, the natural background radioactivity of Atlantic waters - due mainly
to the presence of 4"K - is 12,000 Bq nr3 . The artificial background levels in Atlantic waters
due to atmospheric fallout (Dahlgaard et al., 1995), as well as the 1992 measured artificial
radioactivity levels in the Barents and Kara seas (Strand et al., 1994), are as follows (units: Bq
nr3):
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Barents Sea

nm*
4.2
5.1

Kara Sea

run*
3/11
4/12
0.08/0.2

North Atlantic background

0
90Sr 1.6

137Cs 2 5
" T c 0.005

'nm : not measured

It is unlikely that La Hague could have caused a significant contribution to this
artificial radioactivity. At present, the level of this radioactivity in the Barents and Kara seas is
low and may be attributed to global fallout as well as releases from the Sellafields plant,
inputs from the Ob and Yenessei rivers and Chernobyll fallout (Strand et al., 1993). However,
the very low " T c activity measured in 1992 (0.2 Bq nr3) by Strand et al. (1993), which is
absent both in the seawater background and in Arctic rivers, could be mainly due to releases
from La Hague in view of the transit times from Sellafield and La Hague and the amounts
discharged from these two plants (see Fig. 1) in 1987 (3.7 TBq from Sellafield) and 1989 (7.2
TBq from La Hague). If this is the case, the levels of 99Tc in Arctic waters will continue to
fall after 1995. Table 1 reports the estimated variation with time of this contribution from
1992 to 1996 in the Norwegian Channel and from 1992 to 1997 in the Barents Sea.

Discussion

A number of uncertainties remain, in the estimation of the impact of releases from La
Hague on levels of radioactivity in the Barents Sea; these include the transit time and the
amount of dilution taking place to the north of the Norwegian Channel. The predictions so
obtained can only be tested in the case of 125Sb and " T c since, in the case of all the other
conservative radionuclides, the impact of sources apart from La Hague is clearly
preponderant. The only results currently available for the moment are for " T c and for the
year 1992. The data obtained in the area by Strand et al (1994) yield activities of the order of
0.2 Bq nr3 , whereas the predicted contribution from La Hague given here is
0.09-0.15 Bqm 3 . Hence the calculated estimate would appear realistic - at least in 1992 -
since the contribution from Sellafield (3,7 TBq en 1987) was less than that coming from La
Hague (7.2 TBq en 1989). In this context, it will be interesting to continue measurements of
" T c in the Barents Sea in order to refine the parameter values used in the predictive model.
As regards the impact of releases from La Hague, we predict radioactivity levels (units: Bq nr
3) of 0.07-0.1 for 1993, 0.012-0.016 for 1994, 0.005-0.008 for 1995, 0.008-0.011 for 1996 and
0.005-0.007 for 1997. If the transit time for waters between the Norwegian Channel and the
Barents Sea is longer than 1.5 years, the effect of decreasing releases from the La Hague
establishment - which should detected in the Barents Sea between 1993 and 1994 - will be
delayed accordingly. Assuming a shorter transit time, the consequences of these decreased
discharges will be felt earlier.

Conclusion

The radioactivity of waters in the North Sea and Barents Sea has fallen sharply since
the 1980s. In 1981, the levels for 137Cs (Bq nr3) in these two areas, respectively, were 100-
250 (Kautsky, 1981) and 30-50 (CIROLANA cruise, 1981). At present, the measured levels
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are 10-20 in the North Sea and 3.8-8 in surface waters of the Kara Sea. By comparison, the
levels of 137Cs in English Channel waters in 1994 were comprised between 3 and 8, while its
background in North Atlantic waters is taken as 2.5 ± 0.2 (Dahlgaard, 1995). Under these
conditions, a radionuclide such as '37Cs cannot be used as a tracer for water masses off
northwestern Europe that are labelled by actual releases from reprocessing plants. The same
applies to the 125Sb released from La Hague, in view of its short half-life (2.7 yrs) and the
tenfold to hundredfold decrease in the amounts discharged since 1987.

The situation of "Tc is different since this radionuclide has a long half-life and is
almost absent from the seawater background (0.005 ± 0.001 Bq nr3; Dahlgaard et al., 1995).
" T c also has a very low detection limit (0.002 Bq nr3) corresponding to 1/2,500,000 of the
natural radioactivity of seawater. Even under these conditions, the use of this radionuclide as a
tracer is rather limited due to the weak impact of the La Hague forecasted in Barents Sea after
1995 (i.e. of the order of 0.01 mBq nr3).

The advantage of monitoring 12^I released reprocessing plants, has been pointed out
by Yiou-Riesbeck (1995). However, it is difficult to measure the activity of this radionuclide
because the analysis must be performed by accelerator mass spectrometry (AMS), an
extremely sensitive technique that can detect the presence of only 106 atoms of 129I.

In all these studies making use of radioactive tracers, it should be borne in mind that
the low levels of artificial radionuclides into northeastern European waters will make it
possible to follow the long-term contribution of the 137Cs released in relatively large amounts
from Sellafield over the next 10-20 years. Taking this into consideration it should be possible
to check the scenario envisaged by Dickdon (1987) in which Arctic waters could return into
the North Atlantic.
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TABLE 1. Calcul of La Hague contribution to the artificial radioactivity (Bq/m^) of waters in
Norwegian (1992 - 1996) and Barents Sea (1992 - 1997)
A : Norwegian Channel
B : Barents Sea

92

93

94

95

96

97

92

93

94

95

96

97

A

0.20-0.30

0.80- 1.05

0.50-0.65

0.70 - 0.90

0.40 - 0.60

A

0.30 - 0.40

0.20 - 0.30

0.05 - 0.08

0.10-0.16

0.10-0.16

Sr90

B

0.35-0.50

0.20 - 2.50

0.35-0.50

0.20 - 0.30

0.30 - 0.40

0.20 - 0.25

Csl37

B

0.20 - 0.25

0.20 - 0.25

0.07-0.10

0.04 - 0.05

0.05 - 0.07

0.10-0.16

Natural radioactivity of seawater (essentially due to K 40):

A

0.60-1.00

0.60 - 0.80

0.25 - 0.33

0.16-0.22

0.12-0.16

A

0.12-0.16

0.05 - 0.08

0.01

0.02

0.01

2 000

Sbl25

B

0.50-0.65

0.16-0.22

0.16-0.22

0.10-0.15

0.03 - 0.04

0.05 - 0.07

Tc99

B

0.09-0.12

0.07-0.10

0.01 - 0.02

0.05 - 0.08

0.01

0.01
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FUEL REPROCESSING Pu IN THE ARCTIC OCEAN BASIN:
EVIDENCE FROM MASS SPECTROMETRY MEASUREMENTS

T.M. Beasley5, L.W. Cooper1, J.M. Grebmeierf, K. Orlandini*, and J.M. Kelley'

Thermal ionization mass spectrometry measurements of plutonium isolated from Arctic Ocean
sediments indicate the presence of material whose isotopic composition is not uniformly
characteristic of integrated global fallout. Typically, fallout-derived ratios of Pu-240/Pu-239
range between 0.175 and 0.190 and are latitude dependent; the same ratio in weapons-grade
plutonium typically ranges between 0.05 and 0.06. In the Beaufort Sea, near the Alaskan coast,
the observed ratios of Pu-240/Pu-239 are consistent with those in soils collected above 65 ° N
latitude contaminated only by atmospheric fallout. However, away from the coastline and into the
deeper portions of the Canadian Basin, Pu-240/Pu-239 ratios are substantially lower suggesting
that the plutonium accumulating in these sediments is a mixture of fallout and non-fallout
plutonium. Surface sediments collected on the recent US/Canada Arctic Ocean Section cruise
(1994 - Bering Strait through Fram Strait) also have lowered Pu-240/Pu-239 ratios indicating a
widespread distribution of "low-ratio" plutonium throughout the Arctic Ocean Basin

The mean Pu-240/Pu-239 ratio of integrated fallout in soil cores collected above 55° N latitude
has been measured at 0.1850 ± 0.0053 (uncertainty a 1 a). In the deeper portions of the
Canadian Basin this same ratio, in surface sediments, reaches values as low as 0.090. Sediments
from the Ob and Yenisei river estuaries (0-4cm) show mean Pu-240/Pu-239 ratios of
0.1746 ± 0.0022 and 0.1368 ± 0.0031, respectively, arguing for the export of "non-fallout" Pu by
both rivers.

Using Pu-241/Pu239 ratios, the "production age" of the low-ratio plutonium can be estimated.
Calculations indicate that the material measured in the Canadian Basin was produced in the early-
to-mid 1950s. It is postulated that the 1957 accident at the Mayak-65 complex in Cheliabinsk
Province may have been a significant source of the low-ratio Pu measured in deep basins of the
Arctic Ocean.

§ Environmental Measurements Laboratory, U.S. Department of Energy
t Environmental Sciences Division, Oak Ridge National Laboratory
$ Environmental Research Division, Argonne National Laboratory
* Isotope Separations and Analysis Group, Pacific Northwest Laboratories
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"9IASA TRACER OF REPROCESSING DISCHARGES
IN THE ARCTIC OCEANS

G.M. Raisbeck'l F. Yiou1', Z.Q. Zhou1', and L.R. Kilius2)

" Centre de Spectrometrie Nucleaire et de Spectrometrie de Masse (IN2P3-CNRS), Bat.
108, 91405 Orsay Campus, France

2) Isotrace Laboratory, University of Toronto, 60 St George St., Toronto, Ontario, Canada
M5S1A7

We have previously discussed how 129I can be used to distinguish between
reprocessing emissions and other accidental or deliberate discharges of unprocessed nuclear
waste in the oceans (1-4). The basis of this possibility is the fact that the ratio of 129I to other
fission nuclides, such as 137Cs or ^Sr, is much larger in marine reprocessing discharges than
in unprocessed fission products (see for example Fig 1). At this meeting two years (4) ago,
we used this principle to show that most of the 129I (and "Tc) in the Kara Sea originated from
the reprocessing plants at Sellafield and La Hague, while there appeared to be other sources
for 137Cs and ^Sr. Following the meeting, two of us (F. Y. and G. R.) travelled from
Kirkenes to Bergen on one of the "Hurtigruten" ships (Kong Olav), and collected water and
seaweed samples at most of the ports of call. Our objectives were i) to obtain detailed
information on the transport of the reprocessing discharges along the Norwegian Coastal
Current, ii) to look for evidence in this region of the rapid increase in 129I from La Hague,
starting in 1990 (discussed in another contribution to this conference) as a possible "time
marker" of the reprocessing signal

In fig 2, we show the 129I/127I ratio (measured in units of 1010, or IU) for 17 water
samples. 129I was measured by accelerator mass spectrometry (AMS) at Toronto, I27I by
colorimetry at Orsay. Except for one sample taken at the exit of the Trondheim Fjord, the
ratios more or less regularly decrease from -450 IU near Bergen, to -140 IU at Kirkenes.
The results strongly support our previous conclusion that most of the 129I in the Kara Sea
(where l29I/127I ratios were typically 70-100 IU in 1992) originates from Sellafield and La
Hague (4).

One can now examine Fig 2 for any indication of a variation in 129I/127I corresponding
to the increase in 129I discharge from La Hague, starting in 1990. There does in fact seem to
be a somewhat more rapid change in the region slightly north of Tromso. This would be quite
consistent with previous estimates of 3-4 years for the transit time from La Hague to
Kirkenes (5). However, this is also the region where part of the Norwegian Current turns
northwest to form the West Spitzburgen Current, so some or all of the effect could be due to
dilution. We plan to collect additional samples after the present meeting, which will hopefully
clarify this.

An even more sensitive method to measure transit times would be to use the ratio
n9I/"Tc. Both of these isotopes are believed to be reasonably conservative, are expected to
be dominated by reprocessing emissions in the Arctic, and the ratio has been changing even
more rapidly than I29I alone (Fig 3). In addition, of course, ratios, unlike concentrations, will
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Fig I: 129I/'3'Cs marine discharge ratio from Sellafield (top scale) and La Hague (bottom
scale) The combined curve has been calculated assuming a 2 year lag between Sellqfield
and La Hague

Fig 2: I29I/I in units of IV (one IU=10~'°) in water samples taken along Norwegian coast in
Sept. 1993.
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not be changed by dilution. For the moment, "Tc has not been measured by AMS. Recent
developments in ICPMS, however, have improved detection limits for this isotope. In
addition, by using seaweed, it is possible to concentrate "Tc by a factor of ~105 relative to
water (5) (6). Therefore, as a test of this idea we have, with the kind cooperation of R.
Clement (CEA, Saclay) and D. Dall'ava (CEA, Valduc), made a preliminary measurement by
ICPMS on a 1.3g sample of the seaweed sample taken at Kirkenes. The result was a "Tc
concentration of (l.l±0.5)xl0" atoms/g. Assuming the concentration factor mentioned
above, this corresponds to a water concentration of (l.l±O.5)xlO9 atoms/I Combining this
with our 129I concentration measured in water at Kirkenes at the same time, gives a 129I/"Tc
ratio of 3.5± 1.5. While there are still very large uncertainties in this number, it corresponds to
the ratio for the combined discharge from La Hague (1990) and Sellafield (1988) as indicated
in Fig 3. This gives a transit time of 3 and 5 years to Kirkenes, from La Hague and Sellafield
respectively, in good agreement with previous estimates (5). Additional and more accurate
analyses of this type should be able to improve such estimates considerably, and extend them
further into the Arctic Seas. If the sensitivity of "Tc measurements can be improved enough
to permit 1 2 9 I / "TC determinations in reasonable size water samples, this would significantly
increase the already considerable potential of 129I as an oceanographic tracer.

30
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"ifTc (atom/atom)

1984 1986 1988 1990 1992 1994 1996

Fig 3: 129lf9Tc atom ratio for combined marine discharges from Sellafield and La Hague,
as a function of date when these discharges are assumed to converge near the south coast of
Norway (one year after discharge from La Hague, 3 years after discharge from Sellafield)

Given the large variations shown in Fig 1, it is also tempting to consider the use of the
129I/137Cs ratio as a time marker. Unfortunately, in addition to having relatively larger
contributions due to other sources (weapons testing and Chernobyl), there are additional
complications to using 137Cs. Because it is not totally conservative, a small fraction of the
I37Cs discharges has accumulated in sediments around the discharge points. Because the
discharges at Sellafield were so large in the 1970's relative to the present, the quantity of
l37Cs presently being released from these sediments may actually exceed current discharges.
This means that the Sellafield ratio given in Fig 1, at least for the last decade, is actually
hypothetical, in the sense that it will not be observed in real waters. This can be clearly seen
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for example by comparing Figs 1 and 2 in Ref (7), where the observed concentration of 137Cs
in the North Sea is decreasing much more slowly that the discharge from Sellafield.
Consequently, the l29I/137Cs ratio in these waters will increase less rapidly than indicated in
Fig 1. This factor must be taken into account not only in possible applications of 129I/137Cs as
a time marker, but also any attempts (including our own (4)) to use 129I to deduce 137Cs
contributions from reprocessing. Thus while n9I/137Cs ratios (4) can be quite confidently used
to exclude any significant La Hague contribution to the observed 137Cs in the Kara Sea, the
situation with respect to Sellafield contributions is less clear.

Use of129I to trace pollution dispersion from North Sea

Since both Sellafield and La Hague marine discharges converge in the North Sea, 129I
can be used to monitor not only these reprocessing discharges, but also the ultimate fete of
other soluble anthropogenic species input to the North Sea. For example, in the framework of
a study on the formation and transport of North Atlantic Deep Water (8), we have recently
shown that the flux of 129I currently leaving the Arctic basin via overflow of the Greenland-
Iceland-Scotland ridge is ~7 Kg/year, or 15% of the ~50 Kg/year reprocessing input prior to
1990. This suggests that -85% of the reprocessing discharges, and other soluble inputs to the
North Sea, are continuing to accumulate in the ecologically sensitive region of the Arctic
Seas.
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IMPROVED ESTIMATES OF OCEANIC DISCBARGES OF 129I
FROM SELLAFIELD AND LA HAGUE

RYiou1 ' , G.M. Raisbeck1', Z.Q. Zhou", L.R. Kitius2) andP.J. Kershaw3'

1) Centre de Spectrometrie Nucleaire et de Spectrometrie de Masse (IN2P3-CNRS), Bat. 108,
91405 Orsay Campus, France

2) Isotrace Laboratory, University of Toronto, 60 St George St., Toronto, Ontario, Canada
M5S1A7

3) MAFF, Lowestoft, Suffolk, NR 33 OHT, U.K.

We have previously discussed (1-4) how 129I from the nuclear fuel reprocessing
facilities at Sellafield (U.K.) and La Hague (France), can be used as i) an oceanographic tracer
for the North Atlantic and Arctic Seas ii) a highly sensitive probe for distinguishing between
reprocessed emissions and other accidental or deliberate discharges of unprocessed waste in
these same regions. Reprocessing 129I can also be used as an excellent proxy for the dispersion
of other soluble anthropogenic impurities released into the coastal regions of the North Sea.
To exploit these potential applications fully, it is necessary to have the best possible
information on the time profile of the reprocessing emissions. We have previously given such
estimates (1,3), based on available official discharges combined with measurements of 129I in
archived seaweed taken from the vicinity of the discharge points. While this procedure
appeared to give quite reliable estimates for La Hague, the correlation between seaweed
concentration and official discharges at Sellafield was considerably poorer. We tentatively
attributed this to the fact that the location of the seaweed collection point (Seascale) was too
close to the discharge pipe, and therefore was recording short term variations of the discharge,
rather than the longer term averages desired. To overcome this, we have now measured n 9I in
a second series of archived seaweeds, from a location (Pt. William) having an estimated transit
time from the discharge point of ~6 months. It was hoped that yearly samples from this
location would be more representative of the yearly discharges from Selkfield. In addition to
the above, we have updated the profiles for both La Hague and Sellafield to the end of 1994.

Sellafield

In Fig la, we show the measured l29I/127I ratio in seaweed from Pt. William. The
samples used were generally taken in Feb or March, and we assume they correspond to
emissions from the previous year. Using the same procedure described previously (1,3), we
compare the measured seaweed ratios, in units of 10"* (R), with the published discharges in
Kg/year (D) for the period 1978-1994, obtaining D/R=3.34, with a standard deviation of 22%.
This is considerably better than obtained for the Seascale seaweeds, and supports our
hypothesis that the seaweeds from Pt. William are more representative of the average
discharge. We now use the above relationship to estimate the Sellafield discharges from 1966-
1977 where no official discharges are available (Fig lb). Both the absolute values and the year
to year fluctuations in these estimates are now comparable to those observed in the period
where official discharges are available. Combining the estimated and published values, we
obtain the total discharges from Sellafield from 1966-1994 as 534 Kg.
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rig la: '"M (*1(F*) in Seaweed, PL William

Fig lb: '"7 discharge (Kg/year) from Sellafield

1966 1970 1974 197S 1982 1986 1990 1994

Figure 1: (a) I/I in seaweed at Pt. William, (b) marine discharge of I from
Sellafield based on official release (A), or estimated from seaweed measurements (a).

La Hague

Since our last report, the capacity of the UP2 plant at La Hague has been increased
significantly, as indicated by the quantity of fuel treated in 1993 and 1994 (Fig 2b). This is also
reflected in the official 129I discharge (Fig 2c), and the measured l29F127I ratio in seaweed at
Goury (Fig 2a), although not strictly in proportion. Adding the 1993-1994 discharges to our
previous estimates (1,3), we obtain a total discharge from La Hague from 1975-1994 of
906Ka.
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rig 2a: '"I/I(*lff*) in Seaweed, Goury

Fig 2b: Fuel reprocessed (ton/year)
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Fig 2: (a) 129I/1 in seaweed from Goury, (b) quantity of fuel reprocessed at La Hague, (c)
marine discharge of1'9I from La Hague based on official release data (+), or estimated
from seaweed measurements (a) or quantity of fuel reprocessed (x) (see ref 1, 3).

Combined Discharge

It is well known from previous studies that the majority of the Sellafield and La Hague
discharges come together in the North Sea, near the southern coast of Norway, and are then
transported into the Arctic Seas via the Norwegian Coastal Current (5, 6). For many of the I29I
applications mentioned earlier, it is the total discharge profile which is most relevant. We
therefore show in Fig 3 the combined emissions, a sliming a 2 year delay in those of Sellafield
relative to those of La Hague (6, 7). As one can see, this total discharge has been relatively
constant from 1975-1990, and increases rapidly thereafter due to the increasing releases from
La Hague. At present, the total yearly discharge is ~200Kg, with -90% coming from La
Hague. In another paper at this meeting, we discuss how this rapid increase might be used,
either alone or in conjunction with other isotopes, as a time marker for the progression of the
reprocessing signal into the Arctic region.
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Figure 3: Combined marine discharge of129I from Sellafield and La Hague, assuming a
2 year lag between Sellafield (top scale) and La Hague (bottom scale).

We thank P. Ledermann and M. Le Bar for providing the quantity of fuel processed and
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The Measurement of 1-129 in the Canadian Arctic Basin
and

Other Arctic Waters
L.R. Kilius, X-L.Zhao, IsoTrace Lab, University of Toronto
J.N. Smith, K.M. Ellis, Bedford Institute of Oceanography

1-129 (16 Ma) belongs to a class of long lived-fission by-products that includes 135Cs
(3 Ma), 107Pd (6.5 Ma), and "Tc (0.2 Ma). Until very recently only "Tc had been
utilized as a tracer in oceanic systems primarily due to the difficulty of measuring low
decay rates for the other isotopes and the need for prohibitively large water samples.
Since the first demonstration by Accelerator Mass Spectrometry (AMS) for the mea-
surement of 129I in the marine environment [Kil] and more recently in oceanic systems
[Yil], the use of 129I as a long range tracer has become widespread because the con-
straint of large sample volumes had been removed. The development of 13sCs detection
technology is still under development.

The primary anthropogenic sources of 129I are nuclear weapons testing (2.7xl026

atoms), reactor releases and accidents such as at Chernobyl (0.6xl026 atoms) and the
reprocessing of nuclear waste material (5xl027 atoms released into the adjacent seas
in western Europe). These estimates do not include the massive inventories of 129I
stored at sites within the US, and FSU as well as other nuclear nations. Clearly the
anthropogenic signal overwhelms the total pre-nuclear terrestrial inventory of 1.3xlO2'
atoms. It is therefore not surprising that the base ratio of 129I/12 'I has risen from
approximately 10~12 in ocean surface waters to the approximately 1O~10 observed in
areas removed from specific sources. This latter ratio is primarily the result of global
fall out. The range of isotopic ratios in the oceans now spans five orders of magnitude
above the fallout level.

Following extensive measurements of 129I in both the Barents and Kara Seas [Ral,
Ki2, Sml], seawater samples were collected from within the Canadian Arctic Basin dur-
ing the 1993 cruise of the CSS Henry Larsen and an approximately meridional transect
by the CSS Louis St. Laurent from the Chuchi Sea across the pole and into the Norwe-
gian Sea [Sml,Ell]. Although 1 liter samples were collected, only 450 ml was required
for all the AMS measurements of Arctic seawater. The remainder was archived for
duplicate measurements or for total 127I determination at a later date. Within surface
waters of the Canadian basin enhanced concentrations of 129I were observed, El of figure
1, corresponding to 8xlO8 atoms/1. Based on 137Cs measurements [Ell] for the same
samples, the 129I/137Cs ratio bears the signature of Sellafield reprocessing effluent as
the primary source of this 129I. The vertical concentration profile clearly delineates the
influx of seawater of Atlantic origin between approximately 200-800 m.

The 129I profiles for the CSS Louis St. Laurent transect have been summarized
in figure 2 (details of the cruise and station locations are given in [Ell]. Data from
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individual depths at each station have been average across two vertical groups, 0-50 m
corresponding to the polar mixed layer and 200-800 m corresponding to approximately
the Atlantic water layer. Although the polar mixed layer concentrations are variable,
ranging from a low of 5xl07 /I in the Chuchi Sea (dominated by fallout) to a high of
109/l across the Lomonisov ridge, the 129I within the Atlantic layer was approximately
constant at 3.1xlO8 atoms/1. Based on this average we estimate that approximately 13%
of the total Sellafield/La Hague 129I emissions now resides within the Atlantic layer of
the Arctic Ocean. A comparable percentage can be estimated in first order for the
overlying waters and shelf regions.

As a result of the recently measured 129I distributions and corresponding 129I/137Cs
ratios, we can now estimate the detection sensitivity required to measure 135Cs/133Cs,
figure 3, a new oceanic tracer system that has the potential of determining transit times
in a self consistent manner. The detection of Cs isotopes by mass spectrometry differs
from iodine isotopes in that isobaric interferences cannot be easily removed by differences
in the probability of negative ion formation. For example, 129Xe does not form negative
ions while 135Ba~ was recently found to be stable. Limited success was achieved by T.
Lee [Lei] using conventional positive ion mass spectrometry and extensive chemistry
to reduce isobaric interferences to a level of 1:1010. Ratios below 1O~10 are as yet
unattainable by either conventional mass spectrometry or AMS, although an enhanced
AMS system, presently in the design stage at IsoTrace, may lower the limits below
io-1 2 .

Even within present instrumental limitations the capability exists for 135Cs/Cs iso-
topic ratios measurements from samples near reprocessing facilities and over most Arctic
upper water regions, figure 3. The estimated ratios are well in excess of the levels at
which the barium isobar becomes a limiting factor. However the unique features of
AMS, the removal of molecular inferences and greatly simplified chemistry, will be re-
quired to measure 135Cs at greater seawater depths.

Figure 1. An example of the vertical profile of 129I concentrations is shown here for
samples from the 1993 cruise of the CSS Henry Larsen.

Figure 2. 450 ml samples of seawater from the 1994 Arctic Ocean Section were mea-
sured for total 129I concentrations. In this figure, the individual measurements along a
vertical profile for each station was averaged within two groups defined by 0-50 m and
200-800 meter depths corresponding to the polar mixed layer and the Atlantic water
layer.

Figure 3. The 135Cs/133Cs ratios expected in seawater are estimated using measured
ratios of 129I/127I for different values of l29I/13rCs. Standard seawater abundances of
133Cs (0.5 ppb) and 127I (60 ppb) were used as well as thermal neutron fission yields of
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135,137Cs T h e r a t i o o f i3SCsyri33Cs i n sedimeiits was taken from Lee [Lei] and the AMS
limit was measured at IsoTrace.
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Iodine-129 in Western Arctic Waters

T.M. Beasley5, L.W. Cooper1, J.M. Grebmeier1" and L.R. Kilius*

Atom concentrations of 129I in the Pacific Ocean, Bering Sea, and Chukchi Sea range between 0.2
and lxl08 atoms I'1 with deep ocean waters showing the lowest concentrations. Iodine-129
inventories in the Sea of Japan, to a depth of 1500 m, are near 3 x 1013 atoms m"2 and show little
or no structure in I29I concentrations with depth.

Iodine-129 derived from the Sellafield Fuel Reprocessing Facility in the United Kingdom has been
measured in the Laptev Sea but not in the Siberian Coastal Current of the Chukchi Sea. Atom
concentrations in surface waters of the Laptev Sea [(11 ± 1) xlO8 atoms I'1 ] are nearly identical to
those measured in the Kara Sea [(15 ± 4) xlO8 atoms I'1] as reported by Raisbeck et al. in 1993.

Waters collected from the Beaufort Sea in 1993/1994 indicate the presence of Sellafield-derived
129I as evidenced by increasing atom concentrations of this radionuclide in Atlantic water at depths
of 200-400 m. Recently, 129I analyses were performed on curated waters collected from the
Beaufort Sea in 1986. The results show a clear, subsurface maximum in the 129I concentrations at
300-500 m [(9-10) x 107 atoms I"1] and an inventory, above "background", of approximately
4xlO13 atoms m"2. Comparison of the 1986 results with those made more recently in the Canadian
Basin suggest more than a 5-fold increase in the water column inventory of this radionuclide
between 1986 and 1993/1994.

Finally, the analysis of ice melt samples collected on the U.S./Canada Arctic Ocean Section cruise
indicate that sea ice does not appear to concentrate 129I during it's formation. Atom
concentrations of this radionuclide are comparable to, or less than, surface water concentrations
found throughout the Arctic Ocean Basin.

§ Environmental Measurements Laboratory, U.S. Department of Energy
t Environmental Sciences Division, Oak Ridge National Laboratory
t IsoTrace Laboratory, University of Toronto

121



122



Chapter 2

Assessment of dumping of
nuclear waste

123



124



NO9700024

Joint Russian-Norwegian Collaboration on Radioactive
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JOINT RUSSIAN-NORWEGIAN COLLABORATION
The joint Russian-Norwegian expert group for the investigation of radioactive contamination in the
northern areas was established in 1992 under the joint Russian-Norwegian Commission for
Cooperation in the environmental sector. The expert group was formed as a result of allegations
claiming that dumping of radioactive waste by the former Soviet Union had taken place in the
Barents and Kara Seas The expert group is headed by the Ministry of Environmental Protection of
the Russian Federation and the Norwegian Ministry of Environment.

In 1993 the Governmental Commission of the Russian Federation on sea dumping of radioactive waste
(Whitebook No 3, 1993) confirmed that totally 6 submarine reactors and part of the reactor assembly
from the icebreaker Lenin containing spent fuel, and 11 reactors without fuel have been disposed in the
Tsivolky Fjord, Stepovogo Fjord and Abrosimov Fjord at the east coast of Novaya Zemlya and in
Novaya Zemlya Trough. The total activity (inventory) as estimated by the Russian Commission was 85
PBq for the fuelled reactors and 3.7 PBq for the unloaded reactors at the time of disposal.
Furthermore, about 6500 containers, 155 large objects and 17 vessels containing low or intermediate
level radioactive waste (-575 TBq) have been dumped in the Kara Sea (White Book No. 3, 1993)
According to the International Artie Sea Assessment Project (IASAP) the inventory is probably less
than previously assumed due to low burnup.

The objectives of the expert group are: to collect reliable information on handling, storage, discharges
and especially dumping of liquid and solid radioactive material in the Northern seas; to perform field
investigations in areas where dumping of radioactive materials has been performed; and to assess the
present and future consequences for man and the environment of radioactive contamination originating
from the dumping of radioactive waste and from other sources. In addition, the expert group has
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initiated a joint project on past and potential transport of radionuclides from the Chelyabinsk region to
the Kara Sea. Joint field work at Mayak PA, was carried out in June 1994 (Christensen et ai, 1995).

EXPEDITIONS 1992-1994
Joint Russian-Norwegian expeditions to the Kara Sea have taken place annually since 1992 (Fig. 1).
The 1992 expedition to the open Kara Sea included for the first time scientists from Western countries.
During the 1993 expedition underwater investigations of dumped objects in the Tsivolky Fjord and the
Stepovogo Fjord was performed in addition to sample collection. This program was also carried out in
the Abrosimov Fjord and the Stepovogo Fjord in 1994.

The work program onboard the research vessel "Victor Buinitsky" of Roshydromet Murmansk Area
Department included:
- localization and investigation of dumped objects within the Fjords of Novaya Zemlya using high-

frequency side scanner sonar, remote operated vehicle (ROV) equipped with a high frequency
sonar, video camera, underwater Nal-detector, as well as sediment and waste sampling devices

- sampling of surface and near bottom waters by means of pumping devices. The water was filtered
through 1 mm membranes.

- sampling of sediments by Srruagen corer, Petersen grab orNiemisto gravity corer
- sampling of biota (fish, brown algae, etc) by fish nets, traps or three angle bottom dredge
- gamma measurements performed in situ using a Nal-detector or onboard ship using HPGe-detector.

.After the expedition, samples were taken to laboratory for analysis of gamma, beta-, and alpha-emitters.

OPEN KARA SEA 1992,1993
The concentrations of b7Cs, '"Sr and 239>24OPu in sea waters were generally low (Table 1). The
concentration of 137Cs varied within 120-500 Bq/m2 and 239>240Pu within 2-24 Bq/m2 in the upper 10 cm
sediments in the Kara Sea (Table 2), while significantly higher levels were observed outside the Kara
Gate (137Cs: 910 Bq/m2,239-240Pu; 135 Bq/m2).

Table 1. Concentration of '"'7Cs and ^Sr in sea water (Bq/m3)
from dumping sites at Novaya Zemlya and the open Kara Sea.

Horizon

Surface

Near
bottom

Tsivolky
Fjord

4-6

6-14

4-6

3-4

Stepovogo
Fjord

3-7

6-31

4-7

4-26

Novaya Zemlya
Trough

4-7

7-14

2-3

2-3

Kara Sea

3-8

8-20

3-11

4-6

Based on the spatial distribution of the concentrations of I37Cs, ^Sr and Pu-isotopes in waters and
sediments the following sources could be identified: global fallout from atmospheric nuclear weapons
testing, and probably local influences from underwater detonations SW of Novaya Zemlya (e.g. Pu-
isotopes), transport by the Ob and Yenisey rivers draining large catchment areas affected by global
fallout and areas contaminated with radionuclides from releases from nuclear facilities (e.g. ^Sr), and
marine transport of radionuclides in discharges from the Sellafield nuclear reprocessing plant (e.g. Cs-
isotopes) and from fallout from the Chernobyl accident (e.g. 134Cs).
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The concentration levels obtained at the Novaya Zemlya Trough in 1993 were within the ranges
observed in the Kara Sea in 1992. Thus, no additional contribution from discharged or dumped
radioactive waste could be identified in the open Kara Sea.

Table 2. Concentration of " Cs and Co (Bq/kg d.w.) in the surface sediments
(0-2 cm) at dumping sites at Novaya Zemlya and the open Kara Sea

Tsivolky Fjord
1993
137Cs

4-30

60Co

< 1-4

Stepovogo Fjord
1993
l 3 7Cs

8-300

Co

< 1-20

Novaya Zemlya
Trough 1993
137Cs

7-30

60Co

< 1

Kara Sea
1992
B 7Cs

2-53

60Co

<1

TSIVOLKY FJORD 1993
Inspections with sonar and underwater camera, gamma measurements with underwater detector, and
sampling of waters and sediments took place close to dumped objects including a large cargo vessel
(JRNC, 1994). The levels of I37Cs and ""Sr in water were similar to that of the open Kara Sea (Tab. 1
and 2). However, the presence of 60Co (up to 20 Bq/kg) in upper sediment layers at the dumping sites
reflected leakages from dumped radioactive waste.

STEPOVOGO FJORD 1993-1994
Inspections with sonar and underwater camera revealed the presence of a sunken submarine (1993,
1994) as well as metal containers (1994). Based on results from the 1993 expedition, the levels of b7Cs
and ^Sr in surface water were similar to that of the open Kara Sea, while enhanced levels were
observed in bottom waters close to the sunken submarine (Table 1). The presence of 60Co (Table 2) as
well as traces of 152Eu and 154Eu in sediments close to the submarine reflected leakages from dumped
radioactive waste (JRNC, 1994)

The analytical results from the 1994 expedition are given by Salbu et al (1995).

ABROSIMOV FJORD 1994
During the 1994 expedition 3 reactor compartments, 3 vessels and a large number of containers
were located by using sonars and ROV with an underwater camera. In situ gamma measurements with
underwater Nal detector and measurements of sediments with Ge-detectors onboard ship indicated
enhanced levels of iy7Cs and ^Co close to dumped objects.

The analytical results are given by Salbu et al. (1995).

CONCLUSIONS
The enhanced levels of lj7Cs and '"Sr, and the presence of 60Co in sediments from Stepovogo Fjord as
well as traces of 60Co in samples from Tsivolky Fjord, show that leakage from dumped radioactive
waste has taken place The contamination was localized to nearby dumped objects

The concentrations of radionuclides in waters and sediments in the open Kara Sea are presently very
low and significantly lower than in other marine areas, e. g. the Irish Sea, the Baltic Sea, and the North
Sea. The results imply that the impact of radioactive contamination from dumped radioactive waste on
the Kara Sea environment is at present very low.
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Figure 1. Route of the Joint Russian-Norwegian Expeditions to the Kara Sea
in August 1992 (x), August-September 1993 ( D) and August-September 1994 (0)
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ANALYTICAL PROGRAM
The joint Russian-Norwegian expedition to dumping sites in the Abrosimov and Stepovogo
Fjords took place during August 24-September 19, 1994. The objectives of the expedition
were to localize and visually inspect dumped objects in the areas and to collect samples of
water, sediments and biota for radionuclide analysis at institutes in Russia and Norway.

The analytical program included the determination of Cs-isotopes, 90Sr, and Pu-isotopes in
waters, sediments and biota. Additional radionuclides (gamma emitting activation products) and
transuranics (241Am) were included. Cs-isotopes in filtered waters (<1 mm) were
preconcentrated using filters coated with Cu2Fe(CN)6 onboard ship. The filters were ashed and
subjected to gamma spectrometry (Ge-detectors). After the addition of Sr carrier, 90Sr in
waters (10-100 1) or sediment extracts was co-precipitated as carbonate or oxalate. The
precipitate was subjected to radiochemical separation of ^Sr/^Y followed by beta-
spectrometry or low level liquid scintillation counting. Pu-isotopes in filtered waters were
coprecipitated with Fe(OH)3 onboard ship. The precipitates were subjected to radiochemical
separations and alpha-spectrometry.

Sediment cores (0-10 cm) sampled with plastic tubes from the boxcorer were frozen and cut in
1 cm segments. The sediment samples were freezedried, subjected to gamma spectrometry and
leached with aqua regia or HC1 prior to the separation of 90Sr and Pu-isotopes. Sequential
extraction studies were performed on fresh sediments (Berretzen et ctl, 1995)

The biota samples were frozen onboard ship. Fucus species were dried prior to gamma
spectrometry. Fish filet was measured separately
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ABROSIMOV FJORD 1994
According to the White book (1993) 3 reactors with spent fuel, 5 reactor compartments
without fuel, 4 vessels and numerous steel containers have been dumped in the Abrosimov
Fjord since 1965. Using sonars, ROV, and an underwater camera, 3 assumably reactor
compartments, 3 barges and a large number of containers were localized.

The concentration of 137Cs in surface and near bottom waters varied within the range 4-7
Bq/m3 and 4-9 Bq/m3, respectively. '"Sr varied within 2-4 Bq/m3 in both water layers. In the
upper sediment layer (0-2 cm) some distance from the dumped objects 137Cs varied within
1-50 Bq/kg dw and 60Co up to 3 Bq/kg dw. Thus, the average level of radionuclides in waters
and sediments in the Abrosimov Fjord was similar to that obtained in the open Kara Sea, 1992.

Close to the localized dumped containers, barges and reactor compartments enhanced
concentrations of 137Cs, ^Sr, 60Co and 239'24Opu in sediments were registred (Tab. 1). The
contamination was most pronounced in areas where dumped steel containers were localized.
Maximum activities for 137Cs (31 kBq/kg) and 60Co (0.17 kBq/kg), were observed (Fig. 1) in
sediment profiles at 3-10 cm depth, while at 1-5 cm for '"Sr (3.8 kBq/kg). The contamination
is inhomogeneously distributed. 137Cs is strongly fixed to the sediment, while 90Sr is rather
mobile (Barretzen el ai, 1995).

Contamination was also observed, to a lesser extent, close to the 2 reactor compartments. In
addition, traces of 60Co in sediments were observed in the vicinity of all the localized objects

Table 1. Concentration of radionuclides in sediments close to dumped objects in the Abrosimov and
Stepovogo Fjords (Bq/kg d.w.). Surface samples collected by the ROV system are notified.

Preliminary results

Abrosimov Fjord
Containers
Containers
Profile
(1 cm sections)*
Vessel 1
Vessel 2
Vessel 3
Reactor comp 1,2
Reactor comp. 3
Stepovogo Fjord
Containers
Containers
Profile
(1 cm sections)*
Submarine

I37Cs

3-8 300

37-31 000
46-196
38-120
39-54

33-8 445
43-61

7-109 000

1-7 350
4-1 670

90Sr

4-3 450

290-3 800
0,3-3
0,3-2
1-5

8-3 250
0,4-22

2-310

0,4-47
0,4-8

6 0Co

3-56

0,4-172
1-2,5

0,5-1,5
1-53
1-61
1-11

<0,2-3 150

0,3-345
< 0,1-6

239.240pu

1-18

3-14
1-2,6

1,0-1,1
0,7-1,0

1-5
0.8-1.3

<0,l-15

0,1-3
< 0,1-0,6

* Upper 10 cm
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STEPOVOGO FJORD 1994
According to the White book (1993) the submarine NS 601 with 2 fuelled reactors was
dumped in 1981. As in 1993, the submarine was located in the outer Stepovogo Fjord
During the 1994 expedition a large number of containers were also located in the inner part of
the fjord.

The concentration of 137Cs in surface and near bottom waters varied within the range 3-9
Bq/mi) and 6-31 Bq/nr*, respectively. ^Sr varied within 2-7 Bq/m3 in surface water and 3-26
Bq/mJ in the near bottom water. In the upper sediment layer (0-2 cm) in some distance from
the dumped objects 137Cs varied within 8-120 Bq/kg dw and 60Co within < 0.1-4 Bq/kg. The
enriched level of ^Sr in bottom waters observed in 1993 was less pronounced in 1994. Thus,
the general level of radionuclides in waters and sediments in the Stepovogo Fjord was similar
to that obtained in the open Kara Sea 1992.

Within the area where steel containers were dumped, high activity levels of 1:>7Cs (109
kBq/kg), 60Co (3. lkBq/kg), and 90Sr (0.3 kBq/kg) in sediments were observed. In most cases
the contamination was associated with the upper 5 cm sediment layer (Fig. 2). However, large
variations were observed in the activity levels (factor of 10) and partly in the vertical
distribution of radionuclides in sediment profiles collected at the same site. Furthermore,
autoradiography demonstrated the presence of radioactive particles, and the contamination in
the vicinity of dumped containers was rather inhomogenously distributed. The incorporation
of radioactive particles (60Co) with clay material was identified by light microscopy (Fig 3)
Using scanning electron microscopy and X-ray microanalysis further investigations of
subsamples (subdivided aggregate) mounted on stubs were performed. Only one subsample
contained 60Co. Using backscattered electrons a corroded particle (about 10 x 20 urn )
containing Fe, Co, Mn and Cr (bright area) could be identified among low atomic number
particles (Fig. 3) Sequential extractions demonstrated that about 50 % of 90Sr in sediments is
rather mobile (exchangeable forms), while most of the lj7Cs is strongly bound to sediment
components (Barretzen etal, 1995).

Close to the dumped submarine, relatively low levels of radionuclides were observed in the
sediment samples collected by the ROV. As rather contaminated sediments were collected
close to the hull of the submarine in 1993, the apparent contradicting results can be explained
by inhomogeneous contamination localized to small limited areas.

CONCLUSIONS
In the Abrosimov Fjord, enhanced levels of 137Cs, 60Co, 90Sr and 239>240Pu in sediments close to
dumped containers demonstrate that leaching from dumped material has taken place. To a
smaller extent, sediments close to the reactor compartments are contaminated. Furthermore,
traces of 60Co are observed in sediments close to the located barges.

In the inner Stepovogo Fjord where steel containers are dumped, the contamination of '"7Cs,
60Co, 90Sr, and 2j9'240Pu in sediments is significant and radioactive particles are presents Low
levels of radionuclides, however, were observed close to the sunken submarine.

In all cases contamination is observed in sediments in the close vicinity of the dumped objects.
lj7Cs is strongly fixed to sediment components and thereby exposed to resuspension, while 90Sr
is to a large extent mobile (exchangeable).
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The general level of radionuclides in waters and sediments in Abrosimov and Stepovogo Fjords
are similar to those of the open Kara Sea, i.e. significantly lower than in other marine systems
(e.g. Irish Sea, Baltic Sea, North Sea). Furthermore, the concentration of 137Cs in fish was very
low (0.5-2 Bq/kg). Thus, according to previous statements the radiological impact on man and
the arctic environment from the observed leakages in the Abrosimov and Stepovogo Fjords
today, is considered to be low.

FUTURE WORK
As leakages from dumped radioactive objects, especially from steel containers, are observed in
Abrosimov, Stepovogo and Tsivolky Fjords, the forthcoming Russian-Norwegian joint
program should include
- regular monitoring program in areas where dumped objects, especially fuelled

reactors, have been localised
- assessment of future consequences to man and the environment from the

dumped radioactive waste in the fjords of Novaya Zemlya
- similar field programs, carried out at other dumping sites and at land based waste

deposal sites, being potential additional sources for contaminating the Arctic Seas.
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Figure 1 137Cs, 60Co and 90Sr in sediment profile from Abrosimov Fjord
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Figure 3. Sediment from Stcpovogo Bay. Radioactivity was localized to the greyish spherical
aggregate of small particles shown in the upper pan (light microscopy) In SEM. cobalt was
localized to a heavy metal containing area that appears as bright in BEl-mode (lower left)
SEl-mode revealed this to be a particle 10 \ 20 urn. with some material deposited on top of
it (lower right). Co as well as Fe. Mn. and Cr were confirmed tisinii XR.VIA in SEM
(bars 1 (.im).
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Abstract

The largest inventory of radioactive materials dumped in the Kara Sea by the former Soviet
Union comes from the spent nuclear fuel (SNF) of seven marine reactors, the current
(1994) inventory of which makes a total of approximately 4.7x1015 Bq (130 kCi). In
progressing its work for the International Arctic Seas Assessment Project (IASAP), under
the auspices of the International Atomic Energy Agency (IAEA), the Source Term Working
Group has analysed the Source Term and subsequently developed a number of model scenarios
for the potential release patterns of radionuclides into the Kara Sea from the SNF and
activated components dumped within the marine reactors. These models are based on the
present and future conditions of the barrier materials and their configuration within the
dumped objects. They account for progressive corrosion of the outer and inner steel
barriers, breakdown of the organic fillers, and degradation and leaching from the SNFs.
Annual release rates are predicted to four thousand years into the future.

Source Term Developments,3,4

Background

Sixteen marine reactors from seven former Soviet Union submarines and the icebreaker
Lenin were dumped at five sites in the Kara Sea. Six of the seven nuclear submarines
contained two pressurized water reactors (PWRs) each. Eleven of these PWRs were dumped
into the Kara Sea between 1965 and 1988: ten within their reactor compartments, one
within the hull of a barge-like pontoon and covered with concrete, and four containing their
SNF. The seventh nuclear submarine contained two liquid metal reactors (LMRs) and used
lead-bismuth (Pb-Bi) as coolant. This submarine, with its reactor compartment intact and
SNF and Pb-Bi coolant aboard, was sunk in September 1981. The three OK-150 PWRs from
the icebreaker Lenin were discarded within their reactor compartment in August 1967. In
addition, approximately 60% of the SNF and the core barrel from the N2 PWR were dumped
in a specially-prepared pontoon in Tsivolka Fjord.
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Characteristics of the Steam Generating Plants

The steam generating plant (SGP), including the steam generators and circulation pumps,
was located in an isolated reactor compartment. Each PWR consisted of a cylindrical carbon
steel RPV. Nuclear submarine cores were loaded with U-AI alloy fuel containing 50 kg of
235U enriched to 7.5% or 20%. Lenin cores were loaded with varying quantities of UO2

sintered ceramic fuel enriched to 5.0% 235U and clad in Zr-Nb alloy or stainless steel (SS).
Each LMR consisted of a cylindrical SS RPV. LMR cores were loaded with U-Be sintered
ceramic fuel containing 90 kg of 235U enriched to 90% and clad in SS. To reduce heat and
radiation effects on each RPV and subsequently extend their operating lives, SS thermal
shields were employed.

Reactor Operating Histories & Radionuclide Inventories

Current available information on the operating histories of the nuclear submarine SGPs is
limited to the years of startup and shutdown and the fuel burn-up. The longest and shortest
periods of SGP operation were of the order of five years and one year, respectively. Fuel
burn-up for the PWRs varied from a low of 12.5 GWd to a high of 38.8 GWd. In the case of
the LMRs, fuel burn-up for the second core load was only 875 MWd. Current available
information on the operating history of the icebreaker Lenin SGP is much more extensive.
There were two fuel loads associated with the first SGP: the first lasted from 1959 to 1962
and the second lasted from 1963 to 1965. The total integrated power productions for the
first SGP were equal to 40.3 GWd for the N1 PWR, 32.2 GWd for the N2 PWR, and 35.5
GWd for the N3 PWR.

Radionuclide inventories associated with the nuclear submarine LMRs and the icebreaker
Lenin PWRs were based on their detailed core operating histories and calculated neutron
spectra. For the nuclear submarine PWRs, lack of information necessitated basing the
inventories on the model for the Lenin SGP. Details of the dumped SGPs are given in Table 1.

Disposal Operations

With the exception of the one PWR from submarine factory number 421, all nuclear
submarine PWRs were dumped in their separated reactor compartments. The four RPVs
containing SNF were filled with a hardening compound based on furfural. SNF remained in
the two LMRs; before disposal, a number of actions were taken to secure the reactors and
reactor compartment for disposal including the use of some 2 m3 of the furfural based
compound and 250 m3 of bitumen. The three PWRs of the icebreaker Lenin were discarded
within their reactor compartment. Approximately 60% of the SNF and the core barrel from
the N2 PWR were placed in a specially-prepared pontoon, later dumped close to the Lenin
reactor compartment. At the time of disposal, the reactor compartments were allowed to
flood thereby exposing any unprotected external surface of each RPV and the cavities and
internal constructions of those RPVs without SNF or the furfural based compound to sea
water.

Modelling Strategy

Radionuclide release from the dumped SGPs was assumed to be driven by seawater corrosion
of the materials forming the plants. Using the best available predictions for corrosion rates
in an Arctic environment, models were then developed to predict the release rates of the

136



1000

100

10

1

n 1

-

r \

x All containment
\ Furfural lifetime

I !
barriers present
= 100 yrs

— •

1800 2000 2200 2400 2600 2800

fission product, activation product and actinide inventories in the reactors. Using the
inventory and construction data, corrosion rates were applied to computer models of the
reactors to produce radionuclide release rates for scenarios ranging from no effective
containment (Case 1)5 to all containment barriers being fully effective (Case 4)5. Results
have so far been obtained for all dumped reactors with the exception of the LMRs of
submarine factory number 601, which are more complex to model owing to their unique
construction.

The predicted Case 4 release rate from all the units dumped in Abrosimov Bay, summed over
all radioactive isotopes, is given in Figure 1. The initial release, dominated by the rapidly
decreasing soco inventory, comes off the outer surfaces of the RPVs; when they are first
penetrated
through the
primary
circuit stubs
and control rod
channels, the
fuel is exposed
to sea water
and the release
rate rises to
1.5x1013 Bq
yr-1 (400 Ci
yr~1) around
the year 2005.
This release
rate falls
rapidly as the
fuel
disappears, leaving the thermal shields and the RPV as the last of the components to corrode.
The release rate falls to 7.4x109 Bq yr~1 (0.2 Ci yr~1) by 2400, and by the year 2660, all
the units have corroded away.

References

1. Y. Sivintsev, Study of Nuclides Composition and Characteristics of Fuel in Dumped Submarine Reactors
and Atomic Icebreaker 'Lenin': Part I - Atomic Icebreaker, Russian Research Center, "Kurchatov
Institute," Moscow, Russia (December 1993).

2. Y. Sivintsev, Study of Nuclides Composition and Characteristics of Fuel in Dumped Submarine Reactors
and Atomic Icebreaker 'Lenin': Part 2 - Nuclear Submarines, Russian Research Center, "Kurchatov
Institute," Moscow, Russia (August 1994).

3. E. Yefimov, Radionuclides Composition, Characteristics of Shielding Barriers, and Analyses of Weak
Points of the Dumped Reactors of Submarine N 601, State Scientific Center of Russian Federation,
Institute of Physics and Power Engineering, Obninsk, Russia (1994).

4. Y. Sivintsev, Description of Shielding Barriers at the Nuclear Reactors Dumped in the Arctic, Russian
Research Center, "Kurchatov Institute," Moscow, Russia (March 1995)

5. S. Timms el a/., Modelling the Release to the Environment in the Kara Sea from the Radioactive Waste
in the Dumped Reactor Compartment of the LENIN Icebreaker, International Conference: Bridges of
Science between North America and the Russian Far East,, Vladivostok/Anchorage (August 1994)

Figure 1- Total predicted radionuclide release rates in Ci yr1 in
Abrosimov Fjord to the year 3000
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Table 1. Current available information for the steam generating
plants of the marine reactors dumped in the Kara Sea.

Characteristic

Reactor

Type

Position

235U initial conditions

Load (kg)

Enrichment (%)

Steam generating plant

Startup date

Shutdown date

Bum-up (GWd)

Disposal date

RPVe disposal condition

With SNF9

Without SNF10

Activity ( 10u Bq) in 1994

Fission products

Activation products

Actinides

Total

Marine factory number

901

PWR1

LB3 R&t

50

20

1961

1981

1.71 1.67

May 1965

Yes Yes

-

72

0.060

0.034

72

285

PWR

LB RB

50

7.5

1961

1964

278 2.73

Oct1965

Yes

Yes

6.3

0.13

0.061

6.5

254

PWR

LB RB

50

20

1956

1962

3.08 358

1955

•

Yes Yes

-

0.095

-

0.095

260

PWR.

LB RB

50

20

1959

1962

1.72 1.94

1966

-

Yes Yes

-

0.051

-

0.051

OK-150

PWR

LB CLS RB

1296 756 756

5

Aug1959

Oct Feb Oct
1965 1965 1955

40.3 3227 35.5

Aug1967

Yesn Yesi2 Yes"

1813

2 3 «

0.8313

22

421

PWF

RB

50

20

1968

1968

125

1972

Yes

2 9

0.03

0.03

2.9

601

LMR2

LB RB

90

90

Dec 1962

May Jun
1968 1968

0.886

Sop 1961

Yes Yes

-

6.0

2 3

0.013

8.4

538

PWR

LB RB

50

20

1961

1963

1.68 1.44

1968

-

Yes Yes

0.045

-

0.045

1 Pressurized water reactor (PWR).
2 Liquid metal reactor (LMR).
3 Left board (LB).
4 Right board (RB).
s Center line (CL).
G For the second fuel bad.
7 Bumup for the second fuel load was 14.2 G W d
8 Reactor pressure vessel (RPV).
9 With thermal shields, hardware, spent nuclear fuel (SNF), and furfural.
10 With thermal shields and hardware and without SNF.
11 With thermal shields, hardware ,and furfural and without SNF.
12 With furfural and without SNF. Thermal shields, hardware, and approximately 60% of SNF discarded in a special container.
13 Activity discarded in special container.
w Twenty-seven percent of activity discarded in special container.
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Since 1992 the International Atomic Energy Agency's Marine Environment Laboratory

(IAEA-MEL) has participated in the international programmes devoted to assessment of the

environmental and radiological consequences of actual and potential releases of radionuclides

to the Arctic Seas. Upon invitation from the Russian and Norwegian authorities and within the

framework of the IAEA's International Arctic Seas Assessment Project, IAEA-MEL has

therefore collaborated in the scientific work of the international expert groups on board five

investigatory cruises to the Kara and Barents Seas and to the site of the sunken Komsomolets

submarine [1]. In-situ underwater y-spectrometric measurements and laboratory-based

analytical work on samples collected during these expeditions have been carried out with a

focus on identifying any environmental contamination resulting from the submerged objects

containing radioactive materials and on quantifying contributions from various sources to the

inventory of marine radioactivity in the region. IAEA-MEL activities also include organisation

of intercomparison exercises for radionuclides in sediment, seawater and biota from the

Barents and Kara Seas, provision of a global marine radioactivity database facility including a

comprehensive Arctic section, radiometric methodological developments, modelling of

radionuclide dispersal on local, regional and global scales and dose assessment. Experimental

work at IAEA-MEL has been extended to include investigation of site-specific sediment

distribution coefficients and concentration factors for marine biota at low ambient

temperature.

The greater part of the radioactive waste dumped in the Arctic Seas is associated with naval

nuclear reactors sunken in bays along the eastern coast of Novaya Zemlya and in the Novaya

Zemlya Trough, totalling an estimated present-day inventory of 4.7 PBq [2, 3]. Radionuclide

concentrations in sediment cores, water and biota sampled from the major dumpsites in

Tsivolki, Stepovovo and Abrosimov Bays and the Novaya Zemlya Trough were analysed at

IAEA-MEL. On the basis of the results obtained thus far on the levels and inventories of ^H,
6°Co, 90Sr, 1 2 9 I , 1 3 7Cs, 238Pu> 239+240Pu ^ 2 4 1 ^ md o n t h e 238Pu/239+240Pu

isotopic ratios at the investigated sites, it can be concluded that, with the exception of limited

areas in Stepovovo and Abrosimov Bays, only minor contamination exists relative to

background levels. In-situ y-spectra recorded at the dumpsites indicate that the contamination
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is localized (Fig. 1). Within the Stepovovo and Abrosimov Bay dumpsites, the contamination
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of bottom sediments appears to be associated mainly with leakage from dumped containers

(Fig. 2). In particular, the Abrosimov Bay site clearly shows contamination with fission

products, activation products and actinides, with 238pu/239+240pu ratios ranging between

0.3 and 0.7. As could be expected from the better quality of their barriers, leakage from the

dumped reactors investigated has been relatively unimportant. At sites outside the disposal

areas, no significant contribution from local sources can be observed. Previous results from

IAEA-MEL [4] and others [5] have shown that the open Kara Sea is relatively

uncontaminated, the main contributions to anthropogenic radionuclide inventories being from

nuclear weapons test fallout and land-based sources. Detailed analyses of anthropogenic

radionuclide profiles in sediment cores in conjunction with 210p^ dating indicate the

chronology of contributions to radionuclide inventories from local, regional and global

sources. Evaluation of the sedimentation regimes reveals sites with active mixing of the

surface sediment layer in Tsivolki Bay and sedimentation rates in the order of 0.1 g cm~2y-l

(ca. 1.1-1.3 mm y*) at locations in the inner basin of Stepovovo Bay and in Abrosimov Bay.

At some of the investigated sites, there is evidence of a maximum input of 239+240pu t 0

sediment around 1980. A bias in 238pu/239+240pu isotopic ratios towards values higher than

those specific to global fallout has been observed at some sites, Pu inventories, however, being

similar to or only slightly higher than those expected from global fallout. These results support

the view that, besides the fallout component and the localized contamination from dumped

waste, there may be a more widespread but less important component of anthropogenic

radioactivity in the Kara Sea, such as from reprocessing facilities in the catchment area [6].
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Fig. 2. Radionuclide concentration profiles in sediment cores.
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3-D models developed for Stepovovo and Abrosimov Bays (which, according to current

estimates, have ^ 7 Q S w a s t e inventories of 0.13 PBq and 0.36 PBq respectively) predict

maximum l-^Cs concentrations in water inside the bays in the order of 3 kBq m'3 for a

release of 1 TBq y"' from the dumped waste, resulting in a maximum individual dose in the

order of 1 mSv y"1 to a hypothetical individual consuming fish from the bay. On the regional

scale, an instantaneous release of the entire 1 PBq inventory of l ^ C s estimated to be present

in all the nuclear reactors dumped in the Kara Sea would result in concentrations of less

than 15 Bq m"3 in the Taymyr and Yamal coastal regions (Fig. 3), with a maximum individual

dose below 5 \iSv y~l delivered to a fish eater. For a gradual release of 1 TBq y"* from each

of Abrosimov, Stepovovo and Tsivolki Bays and the Novaya Zemlya Trough, stationary state

concentrations are below 0.5 Bq rrr^ at the Taymyr coast, corresponding to maximum

individual doses below 0.2 u.Sv y~l from fish ingestion. Local and regional scale modelling

has been extended to include sediment-related exposure pathways and the particle-reactive

nuclides. On a global scale, the radiological impact is negligible, with a collective effective

dose commitment from seafood ingestion of about 10 man Sv. These preliminary results of

radionuclide dispersal modelling and dose calculation indicate that it is necessary to investigate

further only the radiological effects on a local scale. Site-specific data are required for this

assessment and to this end Kara Sea sedimentation rates and suspended particle loads have

been estimated and laboratory-based and in-situ experimental work is now being carried out

by IAEA-MEL in order to identify key environmental variables affecting K<j and CF values.

Fig. 3. Estimated depth-averaged '37cs concentrations in sea water at the time of maximum

contamination near the Taymir coast - 28 months following a hypothetical instantaneous release of

1 PBq of 13^Cs from the dumpsites in Abrosimov, Stepovovo and Tsivolki Bays and

in the Novaya Zemlya Trough.
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The main conclusion of the investigations carried out thus far at IAEA-MEL is that no

radiologically significant environmental contamination can be observed in relation to the

dumped reactors. Leakage has occurred from the containered waste which has lead to locally

increased levels of anthropogenic radionuclides in sediment. Preliminary calculations based

on worst-case scenarios show that the radiological impact of dumping may be significant on a

local scale, dispersion of potentially released radionuclides on regional and global scales

being of minor radiological importance. However, given the significant inventory of

anthropogenic radionuclides disposed of in the Kara Sea, monitoring strategies focusing on

detection of releases from the dumped waste have been envisaged [7]. Further studies at the

dumpsites should enhance understanding of the fate of radionuclides released from dumped

waste and will be useful for impact studies elsewhere. IAEA-MEL is presently collaborating

with institutes from Japan, the Republic of Korea and the Russian Federation to investigate

the consequences of radioactive waste disposals in the Far Eastern Seas. The laboratory has

also been involved in several cooperative programmes focusing on various sites at which

environmental and radiological assessments were deemed of interest (e.g. Irish Sea, NE

Atlantic, S Pacific) and has recently finalized a world-wide survey of doses from seafood [8].

Acknowledgements

The authors appreciate the invitation extended by the Norwegian and Russian Governments to

participate in the investigatory cruises, and the support received from the Joint Russian-

Norwegian Expert Group during the expeditions to the Kara Sea. The IAEA-MEL operates

under an agreement between the International Atomic Energy Agency and the Government of

the Principality of Monaco.

References

[1] Baxter M.S., Ballestra S., Gastaud J., Hamilton T.F., Harms I., Huynh-Ngoc L., Liong
Wee-Kwong L., Osvath I., Parsi P., Pettersson H., Povinec P.P., Sanchez A., Marine
radioactivity studies in the vicinity of sites with potential radionuclide releases, International
Symposium on Environmental Impact of Radioactive Releases, IAEA, Vienna, Austria, 8-12
May 1995

[2] Sivintsev Yu., Study of nuclides composition and characteristics of fuel in dumped
submarine reactors and atomic icebreaker "Lenin", Parts 1 and 2, Working documents of the
International Arctic Seas Assessment Project, IAEA, Vienna (1994)

143



[3] Yefimov E., Radionuclide composition, characteristics of shielding barriers and analysis
of weak points of the dumped reactors of submarine N. 601, Working document of the
International Arctic Seas Assessment Project, IAEA, Vienna (1994)

[4] Hamilton T.F., Ballestra S., Baxter M.S., Gastaud J., Osvath I., Parsi P., Povinec P.P.,
Scott M.E., Radiometric investigations of Kara Sea sediments and preliminary radiological
assessment related to dumping of radioactive wastes in the Arctic Seas, J. Environ. Radioact,
25(1994)113-134

[5] A survey of artificial radionuclides in the Kara Sea - Results from the Russian-Norwegian
1992 expedition to the Barents and Kara Seas, Joint Russian-Norwegian Expert Group for
Investigation of Radioactive Contamination in the Northern Seas (1993)

[6] Beasley T.M., Fuel reprocessing Pu in the Arctic Ocean Basin: evidence from mass
spectrometry measurements, this Conference (1995)

[7] Povinec P.P., Osvath I., Baxter M.S., Harms I.H., In-situ monitoring of gamma-
radioactivity in the Kara Sea, Proc. Workshop on Monitoring of Nuclear Contamination in the
Arctic Seas, NRL, Washington (1995), IV, 2-17

[8] Sources of radioactivity in the marine environment and their relative contributions to
overall dose from marine radioactivity (MARDOS), Final Report of the Co-ordinated
Research Programme, IAEA-MEL-R2/94 (1994)

144



NO9700028

Benchmarking of numerical models describing the dispersion of radionuclides in the Arctic
Seas.

E M Scott1, P Gurbutt2, I Harms3*, R Heling4, S P Nielsen5, I Osvath3, R Preller6, T
Sazykina7, A Wada8, K L Sjoeblom9

As part of the International Arctic Seas Assessment Project (IASAP) of IAEA a working

group has been created to model the dispersal and transfer of radionuclides released from the

radioactive waste disposed of in the Kara Sea. The objectives of the group are

(1) development of realistic and reliable assessment models for the dispersal of radioactive

pollutants both within and from the Arctic ocean and

(2) evaluation of the contributions of different transfer mechanisms to the pollutant

dispersal and hence ultimately to the risks to human health and environment

To achieve the first objective, a detailed benchmarking scenario has been developed which

encompasses the main oceanographic and physical features of the area as well as local site specific

characteristics. The aim of the benchmarking work is to quantitatively assess the reliability of the

models, which would lead ultimately to the evaluation of consensus /best estimates of the

concentration fields to be used in the radiological assessment.

The benchmark scenario

The benchmark scenario has four main components:

a) the source terms and the release patterns

b) a general oceanographic and geophysical description of the areas of interest, including

specific bays on the east coast of Novaya Zemlya, the Kara and Barents Seas, and the Arctic

Ocean in general.

c) a description of the Arctic marine ecosystem and

d) selected endpoints for prediction.

Within the source term description of the benchmarking work, four nuclides (Cs-137, Pu-239, Tc-

99 and Co-60) were selected. The choice can be justified in terms of their varying half-lives and

degrees of conservative behaviour. Two release patterns (instantaneous and fixed rate per year

for 10 years) with the sources sited in an eastern bay of Novaya Zemlya (Abrasimov Bay) and in

the Novaya Zemlya trough of the Kara Sea complete the description.
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For the general description, effort was initially concentrated on summarising the oceanographic

features of the Kara and Barents Seas and the Arctic Ocean as a whole, including very preliminary

figures on ice transport. This information has been continually expanded as more site specific

information has become available and additional physical geographic information has also been

incorporated (sedimentology primarily). In the second phase, information on the biological

productivity of the area was introduced reflecting the second objective of the work.

Within the physical description of the area (Kara and Barents Sea and Arctic Ocean) are included

the main flows (direction and volumes), average salinity and temperature for the main water

masses (Pavlov, 1994), a general sedimentological description including suspended sediment load

and sedimentation rate (Ivanov, 1994) and the biological and ecological description of the area

(main fish types, migratory routes, fish catch figures and foodchains (Sazykina and Kryshev,

1994). At a local scale, a bay of Novaya Zemlya is described, the description being based on

Abrasimov Bay and the results from several joint Russian/Norwegian cruises ( Foyn and Nikitin,

1994, Joint Norwegian-Russian expert group, results from 1993 expedition, 1994).

The endpoints have been selected to permit differentiation between the various model

characteristics, the relative importance of different transfer mechanisms, spatial and temporal

scales of the radiological assessment. For the initial benchmarking exercise, participants provide

maximum concentrations in seawater and sediment within the Kara and Barents Seas (3 locations

within each) and at a number of other locations around the Arctic (Chukchi Sea, central Arctic,

Beaufort Sea, Davis Strait and Iceland Sea), and the time at which the maximum occurs.

The models

The models which are being benchmarked have quite different temporal and spatial capabilities

and include physical (3-D circulation) models which provide a detailed description of the spatial

distribution of the pollutant dispersal but which are limited in terms of run time, and

compartmental models which are spatially averaged but can be run for extended time periods.

The modellers have also have placed different emphases on processes occurring within the area.

Thus the models may be considered complementary in many aspects.

Within the group, a number of compartmental models have been designed, several are global in

spatial extent and have been developed from existing models (eg used in EU Marina project), but
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now include more detailed structure within the Arctic. More regional models have also been

developed, two of which are linked to dynamic ecological models. The models differ in terms of

the definition of the compartments, the vertical water structure and their treatment of the

sedimeni/water interface.

Two 3-D baroclinic hydrodymanic models for the Barents and Kara Seas and the Arctic Ocean

are also being used, both models can be and are linked to sea-ice models. They provide a very

high spatial resolution, but the predicted time horizon is relatively short (10 years). One of the

models does not include a sediment interaction and thus its results are more appropriate for

passive tracers. In addition, one of the models has also been applied at the bay scale.

The different models overlap in space and time, but it is clear that no single model can provide

predictions at all levels of the space and time scales required for the assessment of critical group,

individual and collective dose calculations.

The results

The results from the benchmarking have been compared and the results of the comparison are

summarised in terms of agreement in maximum concentrations and when the maximum

concentrations occurred. This has been carried out for both water and sediment, at each of the

defined locations and for each of the radionuclides. The paper will present a full description of

the benchmarking results and will discuss the similarities and differences. The role of the exercise

within the modelling programme of IASAP will be discussed and the planning for the next stage

of the work presented.
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Local and regional scale dispersion scenarios of 137Cs
released from waste dumped in the Kara Sea

Ingo H. Harms +

IAEA, Marine Environment Laboratory
B.P. 800

MC 98012 Monaco

I. Overview

Hydrodynamic ocean models were applied to study the dispersal of 137Cs in the Barents and
Kara Seas. The release is supposed to occur at the dump sites for radioactive waste in the Kara
Sea used by the former Soviet Union.

Two different spatial scales of dispersion were considered: The regional scale, which covers
the shelves of the Barents and Kara Seas and the local scale which is focused on the bays
where the dumping partly took place. Regional scale dispersion scenarios were run to estimate
the export of contaminated water masses from the Kara Sea into the Arctic or the World
Ocean and to assess the radiological risk for the population living along the coasts of
Taymyr/Siberia and the Yamal peninsula. The local scale simulations are focused mainly on the
flushing times of the bays.

EL Model description

The numerical computations were carried out using the Hamburg Shelf Ocean Model
(HamSOM) which is a three-dimensional, baroclinic, circulation model based on the non-
linear primitive equations of motion. The dispersion of radioactive tracers in the water column
was determined with finite difference advection / diffusion equations. Radionuclide
concentrations in sediment were estimated by calculating the proportion of activity in sediment
(0-5 cm) from the total activity in the water column. These estimations are based on stationary
state dispersion patterns (continuous releases).

The regional scale model covers parts of the Norwegian Sea, the Barents Sea and the Kara
Sea. It is forced with monthly mean wind stresses and river runoff, the semi diurnal lunar tide
and seasonal mean temperature and salinity fields. The model is implemented on a
stereographic grid with an average horizontal grid size of 20 km. For the local scale, the
HamSOM-code was applied to the realistic topography of Abrasimov Bay and Stepovovo
Bay. The space resolution for the bay models was chosen to be 1/10 nautical mile (185.2 m).
Wind was considered to be the most important driving force for the bay circulation.

+ present address: Institut fur Meereskunde, Universitat Hamburg, Troplowitzstr. 7, 22529 Hamburg
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III. Modeling the regional scale of dispersion

III.l . Instantaneous release scenarios

A worst case scenario was run, assuming an instantaneous release of the total l37Cs activity
from four dump sites in the Kara Sea (Abrasimov Bay, Stepovovo Bay, Tzivolky Bay, Novaya
Semlya Trough > total: 1 PBq in 1995). These simulations were run for a time span of six
years. The release is supposed to occur at the beginning of the first year in January (1995).

The flushing times for the central Kara Sea turned out to be in the range of five to six years.
Within this time span average concentrations decrease to less than 10% of the average first
year values. Depth integrated maximum concentrations in the central Kara Sea do not exceed
50 Bq m"3.

There is in general a northeastward dispersion with local maxima along the east coast of
Novaya Semlya. During the first year after the release coastal concentrations near Novaya
Semlya are in the range of 300 to 500 Bq m"3 but they can reach 1 kBq m"3 close to the dump
sites. These concentrations decrease within three years down to less than one third of their
initial value.

The coastal waters of the Yamal peninsula and the Taymyr coast of Siberia reach their peak
values during the second or third year after release (about 10 Bq m'3). In winter the coastal
concentrations are usually higher than in summer when (uncontaminated!) river runoff causes a
strong dilution. This holds in particular for Dickson, a Siberian port close to the Ob and
Yenisey delta. Water concentrations near Dickson reach their maximum values in the fourth
year after release (about 5 Bq m'3).

Most of the contaminated waters leave the Kara Sea towards the Laptev Sea. The
concentrations between Severnaya Semlya and Cape Chelyushkin however are quite low and
do not exceed 20 Bq m"3. The results suggest furthermore that a dispersion from the Kara Sea
towards the Barents Sea is very unlikely. A contamination of the northern Barents Sea was not
observed due to a persistent northeastward going current north of Novaya Semlya.

IEL2. Release rate scenarios

Release rate scenarios were performed for a constant release of lTBq y'1 of 137Cs in Abrasimov
Bay, Stepovovo Bay and Tsivolky Bay. The simulations were run until a cyclic stationary state
within each year was achieved. In these scenarios the maximum concentrations in the central
Kara Sea do not exceed 1 Bq m'3.
It is obvious that even higher release rates in the order of 100 TBq y"1 do not exceed the worst
case scenario results. In the central and eastern Kara Sea the concentrations would be smaller
than 10 Bq m"3 considering a single release point and smaller than 50 Bq m"3 for a simultaneous
100 TBq y"1 release at each dump site.
Concentrations in sediment were calculated for the upper 5 cm using a Kd factor of 3.0 m3 kg"1

for 137Cs and a suspended load of 0.024 kg m'3. A release of 1 Tbq y"1 in Abrasimov Bay for
example causes maximum concentrations in sediment in the order of 10"2 Bq kg"1.
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FV. Modeling the local scaJe of dispersion

rv.l. Instantaneous release scenarios

Instantaneous release simulations for Abrasimov and Stepovovo Bay suggest, that the flushing
times are quite fast. The Abrasimov Bay for example can be flushed by almost all wind
directions and moderate wind speeds (5 m s*1 ) within three or four months. Certain wind
directions and higher wind speeds can even shorten the flushing time up to several days. In
particular the small, channel like shaped Stepovovo Bay is flushed very fast. It is evident that
these short flushing times will have almost no delaying effect for a dispersion on the regional
scale.
Ice was not considered in these bay simulations and it should be mentioned that a closed and
landfast ice cover can isolate the water surface from wind effects. For that reason, flushing
times in winter will probably be longer than our estimations although the wind speeds in winter
are much higher than in summer. But even with a strong ice cover the flushing time will not be
prolonged for more than 6 month. At least in summer, a leakage within these bays could affect
the Kara Sea almost instantaneously.

IV.2. Release rate scenarios

The simulation of realistic release rate scenarios is critical since there are no long-term average
wind data available on this small scale. In two types of scenarios we applied southeast and
southwest winds which are the prevailing wind directions in the southern Kara Sea. The
simulations were run with constant 5 m s"1 wind speed and with a simulated release rate of
lTBq y1 in the inner part of Abrasimov Bay, at 20 m depth. It is evident from both cases that
for southeast winds the outflow of contaminated waters is predominantly in the bottom layers
and for southwest winds in the surface layers. Assuming a mixture of both circulation tyj>es in
reality, the outflow concentrations from the bays would be in the range of 1 or 2 kBq m0 for a
lTBqy"1 release.
Like for regional scale scenarios, the concentrations in the upper 5 cm of the sediment were
estimated. The results suggest that highest concentrations of up to 100 Bq kg'1 are in general
connected with southeast winds due to the strong and contaminated outflow in the bottom
layers.

V. Summary

The regional scale model results suggest that, even for the worst case scenario (instantaneous
release of the total activity from all dump sites), the radiological dose for the native population
in Siberia should be relatively small. In particular, gradual release scenarios (lTBq y"1 at
different dump sites) show very low concentrations in the central and eastern Kara Sea (<10
Bq m~3). A significant contamination of surrounding seas like the Laptev Sea, the Arctic Ocean
or the Barents Sea by radioactive waste dispersion from the Kara Sea seems to be unlikely.
On the local bay scale, water concentrations might exceed 1 kBq m'3 following release rates
higher than lTBq y'1. The flushing times of the investigated bays were in the range of 3 to 4
months.
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Radioecological Danger of Long-lived Radionuclides in Nuclear
Reactors, Dumped in Arctic

Yu. SIVINTSEV, O. KIKNADZE

Russian Research Centre 'Kurchatov Institute', Moscow

In connection with the problem of radioecological consequence of radioactive waste dumped
in Arctic, the estimation of activity and long-lived radionuclides composition in the ship
reactors dumped between 1965-1988 near the Novaya Zemlya archipelago is of great
significance.

In the well-known «White book» (by Yablakov's commission) the maximum value expertly
estimated (2,3 MCi) is given for this main source of radionuclides among the dumped waste.
It is based on the supposition about the significant burnup of nuclear fuel as for all the
dumped submarine reactors, is the same in the reactor of the atomic icebreaker.

At the present, in our Institute for Nuclear Reactors (RRC «Kurchatov Institute))), the work on
preparation of the summary of trustworthy information about the history of dumped reactors
is finished.

Based on this information calculations of the long-lived radionuclides activity in the dumped
reactor compartments of the atomic ice breaker «Lenin» and the nuclear submarines were
made. The calculations were fulfilled with the code «ORIGEN2» and comprise three types of
radionuclides: the fission products, the activation products and the actinides. The total
calculated activity for the «Lenin» at the time of dumping is about 530 kCi. It consists of the
following portions: fission products - 470.4 kCi, actinides - 7.3 kCi, activation products - 50.7
kCi. As is evident, this result somewhat overtops the corresponding value given in the «White
book»(152kCi).

Conversely, the total activity of dumped submarine reactors, calculated by the specialists of
our institute (460 kCi) is several times less than the estimation of Yablokov's commission
(1200 kCi).

So, it is proved that the expert estimations are significally overstated for nuclear submarines
and understated for the atomic ice breaker. In our opinion, the main cause for this discrepancy
is use of realistic values of the nuclear fuel burnup for dumped reactors.

About 30 years have passed since the first reactors were dumped. So, their radioactivity had to
decrease significantly. Table t gives the precise calculated values of dumped reactors
activities for the end of 1994. As one can see, the up-to-date summary activity is about 100
kCi, and a half of it is the radioactivity of reactor compartments of atomic ice-breaker, which
appears to be a more powerful potential source of radiopollution, than considered before.

In fact, the process of dumping had continued over 23 years, so the total reactors activity can't
be calculated as the elementary sum of the radioactivity of all units at the time they were
dumped. Fig. 1 shows the summary activity as a function of time with respect to radionuclides
decay. It's important, that the top value doesn't exceed 700 kCi.
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These preliminary estimations suggest an insignificant radiation risk from dumped reactors
for the Kara Sea region and for the Arctic as a whole: if all the long-lived radionuclides run
out in sea-water, the radius of the zone, where the concentration of the radionuclides
overstates the maximum permissible concentration value in drinking water would be about 15
km (it is about 0.06% of the whole Kara Sea aquatory). If the codes, created in conformity
with IAEA recommendations are used, the contents of long-lived radionuclides in the water of
Kara Sea under such scenario would shortly reach the level observed for many years in Irish
Sea as a result of the discharge of liquid radioactive waste by the English radiochemical plant
Windscale (which was later re-named to Sellafield).
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Table 1. The present activity of the long-lived radionuclides

in *'ne reactors, dumped near Novaya Zemlya. (1994).
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DOSES TO MAN FROM DUMPING OF RADIOACTIVE WASTE IN THE
ARCTIC SEAS

S.P. NIELSEN
Rise National Laboratory, RosMde, Denmark

P. STRAND
Norwegian Radiation Protection Authority, 0steras, Norway

A set of computer models is developed for the estimation of potential consequences
to man in terms of radiation doses from the dumping of radioactive waste in the Kara and
Barents Seas by the former Soviet Union. The dispersion of radionuclides is simulated
with a compartmental model taking into account the hydrodynamical transport of water
from the Arctic Ocean to the North Atlantic including the European Coastal Waters.

The dispersion model is a combination of two models: 1) a new version (Nielsen,
1994) based on updated information of a regional box model used for radiological
assessments in the North-West European coastal areas (EC, 1995), and 2) a box model
covering the Arctic Ocean and the Norm Atlantic (Chartier, 1993). The latter box model
is derived from a 3D World Ocean general circulation model from which the results have
been used for the design of a box structure in the Arctic Ocean and surrounding waters.
The resulting structure and water fluxes were selected taking into account expert
information based on experimental data from the Barents Sea (Adlandsvik, 1993). The
model includes the transfer of radionuclides from the water column to seabed sediments
by particle scavenging.

The basic input data for the model have been assumed identical to those that were
used in the CEC Marina study (CEC, 1990). This study dealt with an assessment of the
radiological exposure of the population of the European Community from radioactivity in
North European marine waters. Generic values from this study were used where no other
information was available.

Collective doses to the world population have been calculated from ingestion of
radionuclides in contaminated seafood (fish, crustaceans and molluscs). The levels of
contamination in seafood have been estimated from die levels in filtered seawater
predicted by the model, and data on the human intake of seafood are based on official
fishery statistics. The ingestion pathways covered are believed to account for the main
part of the collective dose. The reliability of the predictions produced by the present
model has not been tested quantitatively. However, it has been verified that the results
(total collective doses) from the present model are not in disagreement with those from the
Marina study.

Collective doses have been calculated from single releases of 1 TBq of the
radionuclides 3H, ^Co, 63Ni, "Sr, X2\ I37Cs, ̂ 'Pu and 241Am into either the Western Kara
Sea or the Barents Sea. These results show that the doses are clearly higher for releases to
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the Barents Sea than for releases to the Kara Sea. They also show that doses for the
radionuclides 3H, ^Co, ^Sr and 137Cs are derived mainly from seafood production in the
Barents Sea (fish and molluscs), while doses for the radionuclides 239Pu and M1Am are
delivered through marine produce harvested far from the Arctic Ocean.

Collective doses have been calculated for a release scenario based on information
of the dumping of radioactive waste in the Barents Sea and Kara Sea by the former Soviet
Union (Yablokov 1993) combined wim information from the IAEA Source Term Group
of the International Arctic Seas Assessment Project. A worst-case scenario was selected
according to which it was assumed that radionuclides in liquid and solid waste were
available for dispersion in the marine environment at the time of dumping, thus leaving no
time for decay of short-lived radionuclides prior to release. The rates of release of
radionuclides from spent nuclear fuel in dumped nuclear reactors were based on data
calculated for the dumped Lenin reactor assuming direct fuel corrosion and no
containment.

The collective dose (calculated to year 4000) to the world population from
ingestion of contaminated seafood gives a value of about 10 manSv. Caesium-137 is the
radionuclide predicted to dominate me collective dose (with about 90%) as well as the
collective dose rate which is predicted to peak at a value of about 0.3 manSv per year.
Intervention will thus not be justified based on the collective dose.

A comparison with the results from the Marina study shows that the radiological
sensitivity (collective dose per unit discharge, e.g. manSv per PBq) of discharges of' 7Cs
to the Barents Sea and Kara Sea is about one order of magnitude lower (4 manSv PBq"1)
than that of discharges of 137Cs to the Irish Sea (50 manSv PBq'1). The main reason for
this difference is me low productivity of seafood for human consumption in the Polar
waters compared with that in the European coastal waters.
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Table 1. CoUective doses calculated to year 4000 from a worst-case
scenario of radionuclide releases from dumped radioactive waste

Nuclides
Cs-137
Co-60
Sr-90
Pu-239
Am-241
Ni-63
1-129
H-3
Total

Releases (TBq)
2700
470
2500

11
8

170
0.0006

360
6219

Collective doses (mansieverts)
7.93
0.47
0.39
0.26
0.02

0.0047
0.000024
0.000015

9.1
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A RADIOECOLOGICAL MODEL OF RADIONUCLIDE BIOACCUMULATION

IN THE ECOSYSTEMS OF THE BARENTS AND KARA SEAS

Tatiana G.Sazykina

Institute of Experimental Meteorology, SPA "TYPHOON",

Obninsk, Kaluga Region, 249020 Russia

A dynamic model is developed to assess the radioecological

consequences of the radioactive waste dumping in the Arctic Seas

with a special focus on the impact on fisheries. This work is

done as part of the International Arctic Seas Assessment Project.

The Arctic Seas are considered as a set of interconnected

compartments, including 4 boxes for the Barents Sea, and 2 boxes

for the Kara Sea. The selection of specific marine compartments

is determined by a number of factors: the prevailing system of

currents, the areas of deep and shallow waters, the location of

radioactive waste dumping sites, as well as the distribution of

commercial fish feeding and spawning areas. The box model is used

for long-term predictions of water and sediment contamination in

the Arctic Seas in case of hypothetical leakages of radionuclides

from the dumping sites near the Novaya Zerolya archipelago.

The assessment of radioactive contamination of biota in the

Arctic seas has its distinguishing features as compared with

similar calculations for warmer climatic zones.

1. Because of severe climatic conditions in the Arctic seas,

many commercial species of fish use the Barents Sea as a

feeding area, and the coastal waters of the Norwegian Sea as

a spawning area. Regular seasonal migrations of most

commercial species of fish for distances of 1,500 - 2,000 miles

are observed. Over the course of a year fish migrate to various

regions of the Arctic seas which can differ considerably in

radioactive contamination levels.

2. Accumulation and excretion of radionuclides by organisms

at low temperatures occur slower than in warmer seas. The

equilibrium between radionuclide concentrations in water and fish

has no time to be established during the period of residence of

the fish in a given area of the sea.

3. Accumulation of radionuclides by fish is also affected by
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seasonal variations in the intensity of fish feeding.

The dynamics of radionuclide accumulation by fish and

biological removal of radionuclides under severe low temperature

conditions is calculated in a special block of the model.

An original method is proposed for modelling the dynamics of

radioactive contamination of fish, with consideration for fish

feeding behaviour, growth and migration pathways in the Arctic

Seas.

The radionuclide concentrations in water Cw(t) are

calculated for all areas of the Arctic Seas.The radionuclide

concentrations in phytoplankton, zooplankton, molluscs and

macroalgae are calculated by the conventional procedure, using

concentration factors.

The radionuclide concentrations in fish are calculated on

the basis of a dynamic model. The following processes are taken

into account in the model: the uptake of radionuclides with the

fish diet; the growth of fish; the losses of radionuclides

because of metabolic processes.

A basic equation for the specific radionuclide activity in

fish flesh y(t) is

dy AM 1 Q°1

= -(k + Xm + )*y + *y*FOOD* *X .

dt M M Qo

where

y is the specific radionuclide activity in fish flesh,

Bq/kg ;

X is the radionuclide concentration in fish diet, Bq/kg;

FOOD is the fish diet, kg/day;

Y is the coefficient of food transfer to the fish biomass;

Xm is the rate of biomass losses under metabolic processes

(Ym means the rate of fish weight reduction in the absence

of food);

AM is the rate of the fish biomass growth, kg/day;

Q°1 and Qo are the concentrations of a stable chemical

analogue of the radionuclide in the fish biomass and in its

diet, respectively;

X. is the radioactive decay constant.

The radioactive contamination of important commercial
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species of Arctic fish is modelled with consideration for the

peculiarities of their living and feeding habits. Model

predictions are made for biologically significant and long-lived

radionucl ides, such as 137Cs and 90Sr .

The potential consequences of radioactive waste dumping for

Russian and Norwegian fisheries are analyzed based on the

statistical data of commercial fishery in the Arctic Seas and

adjacent areas. Doses for humans due to the consumption of

contaminated marine foodstuffs from the Arctic Seas are

estimated.
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ASSESSMENT OF RADIOLOGICAL CONTAMINATION FROM THE DUMPSITES
IN THE KARA SEA.

Ivanov, G.I., Bordukov, Yu.K., Polyak, L.V., Krinitski, P.I., Nescheretov, A.V.
Krasnyuk, A.D1.& Ellis, K.M2.

1 Sevmorgeologia, St. Petersburg, Russia, 2Bedford Institute of Oceanography, Canada

In 1991-92 Association Sevmorgeologia performed a broad environmental
investigation of the Barents and Kara Seas, including background assessment of
radionuclide contamination in bottom sediments, water, and benthic biota (Ivanov et
al.,1993). The continuation of these studies was aimed at detailed investigation of
potential point sources for radionuclide dispersal. In 1993 Sevmorgeologia
conducted a survey of the radioactive waste dumpsites reported in the White Book
for the East Novaya Zemlya Trough, Kara Sea (Yablokov et al., 1993). Three
dumped vessels with radioactive waste on board were chosen as primary objects for
this survey. The search was maintained by ORETECH side-scan sonar at a
frequency of 100 kHz.

Of the three objects only one was found at coordinates close to those reported in the
"White Book" for a sunken vessel, with waste yielding 118 kCi of total radioactivity.
High-resolution side-scan and echosounder images show the vessel of 85x20x12 m
resting on the sea bottom at 385 m depth with a slight list to the right side and 2 m
deep penetration into sediments. Water and sea-bottom around the site was
thoroughly investigated and sampled by means of CTD, 100 I Niskin bottle, box-
corer, Lehigh gravity core, grab with a foto-box, and a small dredge. Similar
investigation was also performed for areas south and north of the found vessel, and
along the eastern coast of Novaya Zemlya from Abrosimov to Stepovoy Bay.

Collected water, sediments, and benthic organism tissues were measured for
contents of human-made radionuclides, such as Cs-137, Cs-134, Pu-239, Pu-240,
and 1-129. Results obtained indicate no anomalies at the dumpsite with respect to
background levels, which suggests the abscence of leakage. However, the detailed
investigation of all the dumpsites is necessary for comprehesive assessment of
potential radioactive contamination in the Arctic.

lvanov,G.I., Ivanov.V.L, Bordukov.Yu.K., Sadikov.M.A., Polyak.L.V. 1993
Radioecology of the Barents and Kara Sea: Level of apprehension and research
strategy. In: Radioactivity and environmental security in the oceans: New research
and policy priorites in the Arctic and North Atlantic. Proc. Internat. Conf., June 7-
9,1993, Woods Hole, p.79-89

Yablokov, A.V., Karasev, V.K., Rumyantsev, V.M., Kokeyev, M.Ye., Petrov, O.I.,
Lystsov, V.N., Yemelyanenkov, A.F. and Rubtsov, P.M. 1993. Facts and problems
related to radioactive waste disposal in seas adjacent to the territory of the Russian
Federation. Moscow, Office of the President of the Russian Federation, 72 p.
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RESULTS OF THE GAMMASPECTROMETRIC ANALYSIS
OF SEDIMENT SAMPLES FROM THE 1994 NORWEGIAN/
RUSSIAN EXPEDITION TO THE KARA SEA

A.W. VAN WEERS
Netherlands Energy Research Foundation, P.O. Box 1, 1755 ZG Petten, The Netherlands

INTRODUCTION

Bays of Novaya Zembla and the Kara Sea have in the past been used by the former Sovjet Union
as disposal sites for radioactive waste. Three successive joint Norwegian/Russian expeditions were
organized to the area to investigate the present characteristics and extend of environmental
contamination from the dumped material. On request of the European Commission ECN
participated in the 1994 expedition and received a number of sediment samples for gammaspec-
trometric and radiochemical analysis. In the present paper preliminary results of the
gammaspectrometric analyses are reported. Radiochemical analyses will be performed and
reported later.

SAMPLE TREATMENT AND ANALYSIS

Sample treatment
Information on sampling location, sample type and sampling date is presented in table 1 below.

Table 1: Information summary on sediment samples from the 1994 Norwegian/Russian cruise to
the Kara Sea.

Station no.

St3

St6

St7

Stl3

Stl9

St26

St38

StIA

StStep2

Location
(bay)

Abrosimov

Abrosimov

Abrosimov

Abrosimov

Abrosimov

Abrosimov

Abrosimov

Abrosimov

Stepovogo

Coordinate
sN

71° 56,37

71° 56,16

71° 56,16

71° 55,97

71° 55,75

71° 55,55'

71°55,35'

71° 56,00'

72° 33,48'

Coordinate
sE

55° 17,89'

55° 19,20'

55° 19,85'

55° 21,78'

55° 24,31'

55° 24,32'

55° 26,94'

55° 21,10'

55° 24,80'

Water
depth (m)

10

20

16

15

17

19

24

15

35

Sampling
date

Aug. 30

Aug. 30

Aug. 30

Sept. 1

Sept. 1

Sept. 9

Sept. 1

Aug. 31

Sept. 12

Sample
type

Surface

Core

Surface

Surface

Surface

Surface

Surface

Core

Core

The samples were received on March 1 1995 from the NRPA at Osteras (N) and comprised six
surface sediment samples and three 100 mm diameter deep-frozen sediment cores and a dry
intercomparison sediment sample. The fresh frozen surface sediment samples were freeze dried,
lightly ground and homogenized in a mortar with a pestle. Coarse material like small pebbles and
shell remains were removed from the samples.
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The frozen sediment cores in their plastic tubing were allowed to warm up to about - 8 °C
Subsequently they were inserted in a cylindrical holder in which a piston was pushed up so as to
extrude the still lightly frozen sediment in increments of 1 cm for the first 10 sections and of 2 cm
form the remaining core. Sections were removed with a thin blade of aluminium and transferred to
a plastic container and deep frozen again. The frozen sections were freeze-dried and treated further
as the surface sediment samples.

Measuring geometries
The surface sediment samples were packed in 100 mm diameter, 20 mm high, hard plastic culture
dishes and sealed gastight with two-components resin glue. This provided the posibility to
determine Ra-226 in the samples by measuring the count-rate of the short-lived gama-emitting
decay products of Rn-222. As less material was available from the sections of the cores, these
samples were packed in polytheen cylindrical boxes of 48 mm diameter and 25 mm high. The lids
were glued to the boxes with two-components resin for the same reason as explained above.

Calibration sources
For both geometries described above, calibration sources were prepared using certified materials
RGU-1, RGTTh-1 and RGK-1, obtained from the International Atomic Energy Agency (IAEA)
for most of the natural radionuclides. Calibration sources for artificial radionuclides and Pb-210
from the natural ones were prepared by filling the geometries with a non-radioactive matrix on
which known amounts of certified radionuclide solutions were applied and dried. Certified
solutions were obtained from the Physikalisch Technische Bundesanstalt (PTB, Braunschweig).

Counting procedures
All calibration sources and samples were counted on N-type, low-background, high-purity
germanium detectors in low-background shielding, connected to multichannel analysers. From the
counting of the calibration sources count rates per unit activity in the sources were derived for each
of the main photopeaks of the radionuclides. The calibration factors (cts/s per Bq) were used to
calculate activities and activity concentration in the samples counted for 48 to more than 120
hours.
High levels of Cs-137 in sections of the core from station IA caused a very high base line in the
low-energy region. As a consequence it was not possible to determine Pb-210 by gamma-spectro-
metry. Therefore Pb-210 in all samples was determined through alphaspectrometric analysis of its
decay product Po-210, using a method based on Flynn 1968 [1].

RESULTS

Surface sediments
The results of the radionuclide analysis of the surface sediment samples are presented in table 2.
They refer to concentrations on a dry weight basis in the upper 2 cm of the sediment Ra-226 from
the U-238 decay series and Ra-228 and Th-228 from the Th-232 decay series all three occur in
concentrations in the narrow range of 19 to 24 Bq/kg. Concentrations of Cs-137 ranged from 12 to
46 Bq/kg, while Co-60 could not be shown to be present in two samples and ranged from 0.4 to
2.9 Bq/kg in the other four.

Sediment cores
Natural radionuclides
All three cores showed rather constant and equal concentrations of Ra-228 and Th-228 over depth.
Concentrations ranged from 30 to 40 Bq/kg at St2, from 20 to 30 Bq/kg at StIA and from 18 to 25
Bq/kg at St6. At the latter two stations the Ra-226 profile was similar to those from Ra-228 and
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Th-228. However, as shown in Fig. 1. Ra-226 at St2 exhibits a strong concentration profile
decreasing from 282 Bq/kg at the surface to about 40 at the 10-12 cm horizon. Pb-210 profiles for
each of the cores are shown in Fig. 2.

Table 2:

Sample

St3

Stl3

St7, box 1

Stl9

St26

St38 2/2

Radionuclides in

Ra-226 Bq/kg

20.2 ± 0.4

19.0 ±0.4

18.8 ±0.4

19.3 ± 0.5

20.2 ± 0.4

20.3 ±0.3

1994 surface sediment samples from Abrosimov Bay.

Ra-228 Bq/kg

19.3 ±1.0

20.4 ±0.7

19.0 ± 0.7

20.8 ± 1.2

21.1 ±0.6

19.6 ± 0.6

Th-228 Bq/kg

22.8 ± 0.8

23.6 ± 0.6

21.1 ± 0.5

22.6 ± 0.9

22.2 ± 0.5

21.3 ±0.6

Cs-137 Bq/kg')

45.9 ± 0.4

31.8 ±0.3

42.1 ±0.3

38.8 ± 0.4

29.1 ±0.3

12.1 ±0.2

Co-60 Bq/kg')

2.9 ± 0.3

0.40 ±0.03

1.6 ±0.2

n.d. *)

0.8 ± 0.2

n.d.")

*): Decay corrected to sample date;1"): not detected.

Artificial radionuclides.
The profiles for Cs-137 at St2 (Stepovogo) and St6 (Abrosimov) are shown in Fig. 3. Co-60 was
not detected at St2 and at St6 only in the 14-18 cm sections at a level of 7.5 Bq/kg. Profiles for Cs-
137 and Co-60 at StIA (Abrosimov) are shown in Fig. 4. They show , with only one exeption,
parallel profiles of Cs-137 and Co-60, although at quite different concentration levels. Maximum
concentrations of 22 - 23 kBq/kg Cs-137 occur between 4 and 8 cm depth. At the same level the
Co-60 concentration ranges from 80 - 89 Bq/kg.

DISCUSSION

As the sediment samples analysed at ECN comprise only a small fraction of the total number of
samples collected during the 1994 Kara Sea expedition, detailed interpretation has to await a more
complete set of analytical results. This applies to the one Ra-226 profile, the Pb-210 profiles as
well as to the artificial radionuclides. However, from the present limited data set it is clear that the
much enhanced levels of Cs-137 and Co-60 at StIA are related to a local source, as the six surface
sediments and the upper 2 em's at St6 from the Abrosimov Bay are much lower in Cs-137 and Co-
60 than the upper two em's from core StIA. The profile also indicates a common source for the
two radionuclides. In-situ gammaspectrometric surveys carried out during the 1995 expedition
indeed showed localized Cs-137 contamination close to waste containers at StIA [2].

REFERENCES

[1] W.W. Flynn, The determination of low levels of Po-210 in environmental materials. Analytica
Chimica Acta43 (1968), 221-227.
[2] L. F6yn, A. Nikitin, The joint Norwegian/Russian expedition to the dump sites for radioactive
waste in the Abrosimov fjord and the Stepovogo fjord, August September 1994. Report from the
expedition on board R/V Viktor Buinitskiy, with some preliminary results.
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Figure 1. Profile of natural radionuclides in a sediment core taken at station

St2 during the 1994 Norwegian/Russian expedition to the Kara Sea
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Mobility of radionuclides in sediments from Abrosimov
and Stepovogo Fjords

PEER B0RRETZEN, HEIKKI FJELLDAL, HELGE LIEN, DEBORAH H. OUGHTON,
BRIT SALBU.

Laboratory for Analytical Chemistry, Agricultural University of Norway,
P.O. Box 5026, 1432 As, Norway.

BACKGROUND

According to the Whitebook (1993) 3 reactors with spent fuel, 5 reactor compartments
without fuel, several barges and numerous steel containers have been dumped in the
Abrosimov Fjord since 1965. Furthermore, one submarine with fuelled reactors was dumped in
1981 in the Stepovogo Fjord. Using sonars and a remote operated vehicle (ROV) with an
underwater camera the Russian-Norwegian expedition to the Abrosimov Fjord was able to
localise 3 assumably reactor compartments, 3 vessels and a large number of steel containers
(Nikitin et ctl., 1995, Salbu et al., 1995). In the Stepovogo Fjord, the submarine (No. 601) was
localised in the outer fjord, while a large number of steel containers were observed in the inner
fjord. Results from the 1993 and 1994 Joint Russian-Norwegian expeditions to Abrosimov and
Stepovogo Fjords demonstrated that sediments close to dumped objects, especially in the
vicinity of dumped steel containers, were significantly contaminated with 1;>7Cs and 90Sr as well
as 60Co (Nikitin et al., 1995, Salbu et al., 1995). Thus, contaminated sediments collected close
to containers dumped in the Abrosimov and Stepovogo Fjord, were used in investigations on
the mobility of radionuclides.

SEQUENTIAL EXTRACTIONS

In the water-sediment system radionuclides may interact with various components in sediments
through different mechanisms. For example through reversible processes exchangeable
fractions may be mobilised with time and transferred to the water phase; through irreversible
processes radionuclides are increasingly fixed to mineral lattices with time. However, the
transfer to the water phase may also occur as resuspension. Furthermore, transformation
processes influencing the physico-chemical forms and thereby the mobility of radionuclides
may occur due to changes in pore water pH, the redox condition, complexing organic material,
and the activities of microorganisms and bottom animals.

To obtain information on mobile and inert fractions of lj7Cs and ^Sr, sequential extractions of
sediments from Stepovogo and Abrosimov Fjords have been performed using two extraction
procedures. The sediment samples were collected during the Joint Russian - Norwegian
expedition in 1994. In most cases a simplified procedure gives sufficient resolution to
distinguish between "mobile" (H2O, 1M NFLtAc pH sea water, 1M NHiAc pH 5) and inert
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fractions (7 M HNO3, residue) of u7Cs and 90Sr in sediments. Fresh, wet sediment samples,
extracts (ca 1 g dry weight:20 ml, centrifugation at 10.000 G) and residues were subjected to
gamma spectrometry (U7Cs) and radiochemical separation prior to low level liquid scintillation
(90Sr). Stable Cs- and Sr-isotopes were determined by neutron activation analysis (NAA) and
atomic absorption spectrometry (AAS).

SEDIMENT-WATER INTERACTIONS - MODEL EXPERIMENTS WITH TRACERS

In order to follow the kinetics of the water-sediment interaction dynamic tracer experiments
have also been carried out. These studies are most useful for assessing the role of sediments as
sink for radionuclides released from dumped waste in the future By adding 1:>4Cs and 85Sr to
fresh sediment-sea water systems (static experiments or shaken system) and following the
interactions with mobile and inert fractions using sequential extraction as a function of contact
time, the effective rate constants for the interactions can be estimated according to:

Seawater

k, k2

Reversibly
bound to
sediment

k3

<

"Irreversibly"
fixed by
sediment

MOBILITY AND KINETICS

The total concentration of iy7Cs was 120 kBq/kg and ^Sr was ~300 Bq/kg in the Stepovogo
Fjord surface sediments, and 4.1 kBq/kg for lj7Cs and 8.5 kBq/kg for ^Sr in the Abrosimov
Fjord. The Abrosimov Fjord sediment showed an increasing activity of lj7Cs with depth while
the 90Sr activity decreased with depth. Autoradiography (Fig. 1), demonstrates that radioactive
particles are present in the sediments.

Figure 1. Autoradiography of surface sediment from Stepovogo Fjord
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Sequential extraction results (Figs. 2-5) demonstrate that about 50 - 70% of'"Sr is associated
with mobile exchangeable fractions, while 90 - 100% 137Cs is strongly bound to inert mineral
fractions (7 M HNOs, residue) The mobility of ^Sr in the Abrosimov Fjord sediment decreas-
es with depth (Fig. 5). The high inert fraction (HNO3) of 90Sr in the Stepovogo sediment
reflects the presence of particles (Fig. 2). The distribution of 137Cs is to a certain extent similar
to that of stable Cs, indicating long contact times and a high degree of isotopic exchange

St. Step II (ROV)-4
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H20

NH4Ac-pH7

2 NH4Ac-pH5
K

m HNO3

Residue

1 i
1 '

p

t

BUBSBH
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Figure 2. Distribution of lj7Cs in sediment extracts from Stepovogo
Fjord

St. Step II (ROV)-4
90Sr
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Figure 3. Distribution of '"Sr in sediment extracts from Stepovogo
Fjord
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O 7Cs

60%

Depth [cm]

Figure 4. Distribution of Cs in sediment extracts from Abrosimov Fjord
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Figure 5. Distribution of Sr in sediment extracts from Abrosimov Fjord

Results obtained from dynamic model experiments using tracers, demonstrate rapid interaction
of U4Cs+-ions with the mobile sediment fraction, while the interaction of 85Sr++-ions was slow
and weak. For 134CsMons, the interaction with the mobile fraction decreases and the
interaction with the inert fraction (HNO3) increases with time. Thus, a transformation in the
association of I34Cs with sediment occurs with time, from mobile to inert species. By using the
program "ModelMaker" information on the time dependent interaction of 134Cs+ - ions with the
sediments is attained (Fig. 6).

Fraction of 134Cs - ions - - • - "irreversibly bound"
• ^ ^ ^ reversibly bound
^—^ a seawater

4000

Figure 6. Interactions of l34Cs"-ions with reversible and irreversibly bound fractions of Stepovogo
surface sediments as a functions of time (4 °C).

CONCLUSION

Sediments collected close to dumped containers in the Stepovogo and Abrosimov Fjords are
contaminated with 137Cs and '"Sr. Radioactive particles are present in the sediments. l3lCs from
Stepovogo and Abrosimov Fjords sediments is strongly fixed to sediment fractions. The rate of
interaction for Cs-ions with mobile sediment fraction is rapid while the interaction with inert
fraction occurs gradually A certain amount of the ^Sr in sediments is associated with mobile
ion-exchangeable or carbonate like fractions. However, a considerable part of the 90Sr
associated with the Stepovogo sediment is strongly fixed. Thus, part of the 90Sr deposited in
the sediment may be associated with inert particles. Based on the present experiments, the
sediments from Abrosimov and Stepovogo Fjords should act as a sink for released ^Cs-ions
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The transfer of 137Cs from sediments could occur from resuspension or from uptake in bottom
animals. For release of ionic 90Sr from dumped waste, transport with the water masses should
be expected as the sediments are a poor sink. However, a certain amount of the ^Sr in
sediments are present in exchangeable mobile forms and may be released to the water phase
with time.
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The purpose of this study is to quantify some of the parameters needed to perform near-
field modeling of sites in the Kara Sea that were impacted by the disposal of radioactive waste.
The parameters of interest are: the distribution coefficients (KJ for several important
radionuclides, the mineralogy of the sediment, and the relationship of K^ to liquid to solid ratio.
The distribution coefficient, K^ is the ratio, at steady-state, of the concentration of a contaminant
on the sediment to its concentration in the water. It is a critical parameter that describes the
degree to which a sediment will retain or immobilize a contaminant.

Sediment from three locations in the Kara Sea area: Station 2 (73° 00' N, 58° 00' E in 287
meters), Station 3 (74° 30' N, 62° 00' E at a depth of 334 meters), and Station 6 in the
Stepovogo Bay (72° 33.04' N, 55° 22.15' E at a depth of 45 meters). These samples were taken
by the joint Russian/Norwegian survey group and were provided through the Norwegian
Radiation Protection Authority. The sediment at all three locations was suboxic mud. At Station
2 average grain size was 17 \nr\ (71.5% silt and 2 1 % clay) and Total Organic Carbon was 93
mg/g. The clay fraction was composed primarily of mixed layer smectite (34%), illite (18%),
chlorite (17%) and kaolinite (14%).

Uptake kinetics were determined for ^Sr, "Tc, 1 2 5 I , 137Cs, ^ U . Slow kinetics were
observed for uranium and technetium and iodine, implying that the rate limiting process was
probably not adsorption but a reaction prior to uptake. In contrast to other elements
investigated, these three elements are sensitive to changes in oxidation/reduction conditions.
Distribution coefficients were determined for radionuclides using batch type experiments.as well
as isotherms. Isotherms, which are plots of contaminant concentration in the liquid as a
function of its concentration on the solid, allow an evaluation of the relationship between
sorption and concentrations of contaminant. If the relationship is linear (the slope is then KJ
at the relatively high tracer concentrations in the laboratory experiments, then it is appropriate
to use that KJ, for the much lower concentrations typically found in the environment. All
isotherms, so far, have been linear. Table 1 gives results of the batch tests (labeled B) and the
isotherms (labeled Iso) for each of the three stations. The observed values are compared to
those recommended by the IAEA for coastal sediment. The K^ values determined for the Kara
Sea sediment is significantly lower than the IAEA values in all cases, with the exception of
iodine. There is also a difference in K^ values for 137Cs between station 6 (Stepovogo Bay) and
those of the trough, with the bay having about one-half the value of the trough. For Sr, K̂ s are
the same in both areas and average about 4 mL/g, 250 times lower than the IAEA values.

Another set of experiments showed that K̂  values of "Tc and 137Cs are influenced by the
solid to liquid ratio. While in a clean laboratory experiment with simple materials there should
be no effect; in a natural system (or at least using natural materials) we observed that the K̂
for 137Cs varied nonlinearly from 40 to 3600 mLVg as the liquid to solid ratio varied from 3.4 to
6400. These experiments are being repeated. We suspect that this result may be an artifact
of concentration changes within the closed systems of the experiments.
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Table 1. KD (mL/g) Values for Kara Sea Sediment

Element

Cs

Sr

Tc

I

U

Sorption
Kinetics

fast

fast

slow

slow

slow

Station
2

230 B
360 Iso

5.3 B
3.9 Iso

43B
4 Iso

56 B

23 B

Station
3

330 Iso

3.2 Iso

1.2 Iso

18 Iso

110 Iso

Station
6

180 Iso

4.7 Iso

TBD*

TBD*

TBD*

Recommended
IAEA, Coastal

3000

1000

100

20

1000

* TBD = to be determined, the experiments are in progress.

The sediment, as it rests on the ocean bottom, is reducing. If the sediment has sorbed
radionuclides and it is then resuspended, staying in the water column sufficiently long that it
oxidizes, then what is the fate of the previously sorbed contaminants? Sediment which
previously had been used for uptake experiments under reducing conditions was exposed to
30% hydrogen peroxide to oxidize the sample. Each experiment was sampled after the peroxide
treatment and the count rates of tracers in the liquid phase were compared to previous
samplings taken during anoxic conditions. Results are shown in Table 2. With the exception
of "Tc there was no remobilization of radionuclides after oxidation had taken place. More
strontium and uranium were sorbed by the oxidized material than by the reduced sediment.
While the count rates of cesium and iodine were unchanged, the count rate of "Tc increased
by 67%.

Table 2. Activity in Seawater in Contact with Sediment Showing Effects of
Oxidation on Sorption/Desorption

Tracer

Sr-85

Tc-99

U-232

1-125

Cs-137

Activity Before
Oxidation (cpm/mL)

19.3 ± 1.8

135

3.3 ± 0.7

8.9 ± 0.8

0.46 ± 0.12

Activity After
Oxidation (cpm/mL)

14.7 ± 1.3

214

-0.1 ± 0.1

8.8 ± 1.4

0.58 ± 0.14

Change

sorption

desorption

sorption

no change

no change
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Samples of sediment from each section of cores from stations #3 and #6 (as well as
three sections from station #2) were digested, filtered and analyzed by Inductively Coupled
Plasma Emission Spectroscopy for uranium, nickel, manganese, iron, chromium, zinc, copper,
lead and cadmium, silver, cobalt, and arsenic. Results are shown in Table 3 for selected
elements at Station # 3. Other stations had similar concentrations.

Table 3. Concentrations (jig/g) of Metals in Sediment from Station 3, Kara Sea

Depth

0-1 cm

1-3

3-5

5-7

7-9

9-11

Blank*

U

190

194

204

213

201

194

0

Ni

42.6

47.4

50.2

44.1

44.5

47.5

0.004

Mn

7580

9450

11,100

8500

13,600

24,600

0.082

Fe

39,600

40,900

43,200

41,900

42,200

40,400

0.451

Cr

56.4

61.3

62.9

64.8

68.8

72.5

0

Zn

95.6

105

102

104

99.6

92.1

0.019

Cu

25.3

25.6

26.2

27.3

25.6

24.8

0.007

Pb

27.4

2.71

14.8

14.3

9.93

18.4

0.002

Cd

0.90

0.90

1.01

1.09

0

0.79

0

* The Blank is a reagent blank of the acid and filtration process used during
sediment digestion. It is reported as concentration in the liquid. Results for the
digests are reported after conversion of the digest analytical values to the mass
per gram of dry sediment.

Sediment from the trough and Stepovogo Bay contain very high concentrations of
uranium. The values are typically about 200 jig/g of sediment. This concentration of U is very
high compared to other marine sediments. Profiles of U in three sediment cores show that
concentrations are relatively constant with depth in the sediment, implying that these
concentrations are natural. We are in the process of having some samples analyzed for
uranium isotopes. This should shed some light on the source of uranium. No matter what the
source is, the reducing, high TOC sediment of the area is a powerful sink for uranium and for
other elements that have low solubilities under reducing conditions. A preliminary comparison
of other metals in Stepovogo Bay and the trough indicates that they are similar in concentration
to those of suspended sediment from a pristine river flowing to the Kara Sea (river data from
Clark Alexander).

We have observed that elevated counts (above the seawater background) were obtained
from seawater that had been in contact with sediment, when it was analyzed by liquid
scintillation counting (LSC). To explore this more thoroughly, samples of the dried sediment
were weighed into 25 grams of filtered seawater. After six days the seawater was sampled,
filtered and analyzed by LSC. The count rate in the filtered water is directly proportional to the
mass of sediment with which the water was in contact. Apparently, a radionuclide is being
released from the sediment to the seawater that increases the count rate. This effect does not
appear to be caused by scintillation of an organic compound. Our current hypothesis is that
radon is the cause of the elevated count rates, based on the high uranium concentrations.
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Isotherm for 137Cs on Sediment from the Kara Sea
Sediment from Three Locations

Cs-137 Activity on Solid (cpm/g) (Thousands)

2 4 6 8 10 12

Cs-137 Activity in Liquid (cpm/mL)

14

Isotherm for 85Sr on Kara Sea Sediment

Activity on Solid (cpm/g)
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Rgure 1. Isotherms for 137Cs and ^Sr for sediment from three locations in the Kara Sea.
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RADIONUCLIDE SOURCES IN THE BARENTS AND KARA SEAS

J.N. Smith, K.M. Ellis, Bedford Institute of Oceanography, Dartmouth, N. S., Canada
S. Forman and L. Poly a k, Ohio State University, Columbus, Ohio
G. Ivanov, Okeangeologia, St. Petersburg, Russia
D. Matishov, Murmansk Marine Biological Institute, Murmansk, Russia
L. Kilius, University of Toronto, Toronto, Ont, Canada
S. Dahle, Akvaplan-niva, Tromso, Norway

INTRODUCTION:

Some of the major sources for radionuclide contamination in the Arctic Ocean are past
nuclear explosions and dumping activities on and nearby the island of Novaya Zemlya
(Yablokov et al., 1993; Aarkrog, 1994). Prior to the Moscow Test Ban Treaty of August,
1963 approximately 79 nuclear bombs, exceeding 150 megatons yield were detonated
by the Soviet military in the atmosphere over Novaya Zemlya. Earlier nuclear testing
(1955-61) resulted in the detonation of at least three kiloton yield bombs in shallow water
(<100 m) proximal to Chernaya Bay in Southern Novaya Zemlya. Other sources of
radioactive contamination near Novaya Zemlya include liquid radioactive wastes
dumped in the Barents Sea and solid radioactive wastes in nuclear reactors and barges
dumped in the Kara Sea. The potential environmental threats have led to a wide range
of marine radioactivity investigations (eg. Strand et al. (1994)) throughout the Barents
and Kara Seas, including the present study that focuses on identifying sources, storage
areas and delivery rates for radionuclide contaminated sediments in the Novaya Zemlya
coastal zone.

METHODS AND MARINE EXPEDITIONS

A preliminary study of radionuclide distributions in Barents Sea sediments was carried
out by our research group on board the R/V Geolog Fersman and the R/V Dalniye
Zelentsy in the Barents Sea in 1992. These results indicated that levels of artificial
radionudides throughout the Barents Sea were generally consistent with fallout
background levels, with one major exception. High levels of ?39240Pu were measured in
a single surface sediment collected from the small (1-6 km wide, 15 km long) fjord of
Chernaya Bay, the site of several underwater nudear weapons tests in the 1950s (Smith
et al., 1995). Sediment and large volume seawater samples were collected during a
subsequent 1993 cruise of the RV Geolog Fersman to Chemaya Bay (Figure 1). During
this cruise samples were also collected near a radioactive waste dumpsite in the Novaya
Zemlya Trough. At both locations, large volume (50-100 I) seawater samples were
passed through KCFC resin cartridges to extract Cs and the resins were transported
to the BIO laboratory and analyzed using a gamma ray spectrometer. Plutonium and
strontium were precipitated from seawater using iron hydroxide and sodium carbonate
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techniques. One liter water samples were shipped to the IsoTrace Laboratory (Toronto,
Ont.) where 129I was measured by accelerator mass spectrometry (Kilius et al., 1992).
Sediments were collected using box and gravity (Lehigh) cores, sub-sampled on the
ship and returned to the BIO laboratory for radionuclide analyses for 210Pb, 239-24Opu
2 4 tAm, t29l and gamma emitting radionuclides.

RESULTS AND DISCUSSION

Chernaya Bay

Chemaya Bay is a shallow (< 100 m) embayment on the southern coast of Novaya
Zemiya bordered by low elevation (< 50 m) accretionary spits formed by long-shore drift
from the southeast. High levels of ^ ^ P u (2,517 Bq/kg and 11,148 Bq/kg) were
measured in surface sediments (0-2 cm) of box cores collected in the fine-grained
sediments in the deeper (60-80 m) central region (Sta. 112 and 113) of the fjord (Figure
2). These plutonium levels are similar to those measured in sediments at sites of
underwater nuclear weapons tests at Enewetak Atoll in the Pacific Ocean (Nelson and
Noshkin, 1973) and at the site of the nuclear weapons accident in Thule, Greenland
(Smith et al., 1994). Reduced " " ^ P u levels (395 and 1525 Bq/kg) were measured in
surface sediments of cores at the northern extremity (Sta. 110) of the fjord and near the
20 m sill (Sta. 114), respectively. " " ^ P u levels decrease further to 106 Bq/kg in
surface sediments immediately outside the fjord, indicating that Chemaya Bay has been
relatively effective in retaining the original inventory of bomb-produced, particle-reactive

137 ^ ^
ve in retaining

radionudides. 137Cs and Co levels were much lower than those of ^ - ^ P u with
maximum values in surface sediments of 80 Bq/kg and 140 Bq/kg, respectively being
measured at Sta. 113.

The inventory of artificial radionudides in Chemaya Bay sediments is almost entirely
retained in the upper 20 cm of the sediment column. Sediment-depth distributions of
239240pu I37QS a r K j 60QQ ^ggUy exn jbjt a plateau or sub-surface maximum in the upper
5 cm and then decrease to background levels by the 15-20 cm level. In contrast, Pb
levels in Chemaya Bay sediments are typical of uncontaminated, fine-grained marine
sediments and can therefore be used to constrain the sedimentation and biological
mixing (biodiffusion) rates (Smith et al., 1986; 1995). The application of a single layer,
bio-diffusion model to radionuclide profiles in core 113 results in good agreement with
measured profiles for parameter values given in Figure 3 where a constant input flux
was assumed for 210Pb and an impulse input flux in 1957 was assumed for the artifida!
radionuclides. These results indicate that sedimentation rates in Chemaya Bay are low
(< 0.1 cm/y) and that the sediment-depth distribution of radionudides is governed mainly
by biological mixing processes. Elevated levels of ^ ^ P u (4.2 Bq/m3) were also
measured in unaltered bottom water in Chemaya Bay, owing either to the release of
dissolved 239-240pu from bottom sediments and/or to the resuspension of plutonium-
enriched, surficial sediments.
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Sediments in Chernaya Bay are characterized by low initial 24OPu/239Pu and 241Pu/"9Pu
atom ratios of 0.030 and 0.0012, respectively, which are reduced from ratios of 0.18 and
0.015, respectively typical of global fallout (Smith et al., 1995). These low ratios are
caused by low yields of 240Pu and 241Pu in the relatively inefficient nuclear tests
conducted in Chernaya Bay. The low yield of 241Pu has resulted in a 241Arn/^9i240Pu
activity ratio of 0.05, which is also considerably tower than the value of 0.18, typical of
modern sediments contaminated by atmospheric fallout. The 241Am/2M'240Pu activity
ratio in surface sediments increases with increasing distance from its value of 0.05 in
Chemaya Bay to fallout levels of 0.30 at distances of 150 km into the Barents Sea.
241Am/2^ i240Pu activity ratio data provides a cost-effective method for estimating the
fractional quantity of Chernaya Bay plutonium transported into the Barents Sea,
assuming end member mixing between sediments contaminated separately by
atmospheric fallout and by nuclear tests in Chemaya Bay.

N1 Dumpsite - Novaya Zemlya Trough

Following the work conducted in Chernaya Bay the RV Geolog Fersman proceeded to
the N1 Dumpsite in the Novaya Zemlya Trough (Figure 1). Sediment cores and
seawater samples were collected at well-defined positions proximal to a sunken barge
reported in the Yabiokov Report to have been carrying 118 Ci of solid radioactive wastes
when it was scuttled in 1980. 137Cs and 239i240Pu activities in surface sediments (Figure
4) are typically 20 Bq/kg and 1 Bq/kg, respectively, and represent values that are typical
of fallout levels in the Barents and Kara Seas (Strand et al., 1994). Excess 210Pb and
artificial radionuclides are generally retained in the upper 10 cm of the sediment column.
137Cs and 239>24OPu activities of 14 Bq/m3 and 0.02 Bq/m3, respectively, measured in
deep water from the dumpsite region represent combined inputs from atmospheric
nuclear tests, Chernobyl and Atlantic water contaminated by releases from the Sellafield
Reprocessing Plant. Contamination of this water from reprocessing plant inputs is also
evidenced by the relatively high 12V37Cs atom ratios of 70-80 measured in bottom
water that are in excess of levels of < 10 that are typical of atmospheric fallout
(Raisbeck et al., 1993). There is no evidence for enhancement of radioactivity levels in
sediments or seawater proximal to the barge to indicate recent leakage of radioactive
contaminants from the dumpsite.

CONCLUSIONS:

1. Elevated levels of artificial radionuclides as great as 15,000 Bq/kg for 239i24CPu, 250
Bq/kg for 137Cs and 100 Bq/kg for ^Co were measured in sediments in Chernaya Bay
which have been contaminated by several nuclear tests conducted in the 1950s.

2. Sediment-depth distributions of 2392*0pu and other artificial radionuclides are
consistent with results from biodiffusion models that are constrained by 210Pb sediment-
depth distributions. These results indicate that sedimentation rates in Chemaya Bay are
low (< 0.05 cm/y) and that downward transport of radioactive contaminants is governed
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mainly by sediment mixing or bioturbation with the entire inventory retained in the upper
20 cm of the sediments

3. Chemaya Bay plutonium is distinguished by low initial 2<oPu/239Pu and P u / P u
atom ratios of 0.030 and 0.0012, respectively and a 241Am/239i40Pu activity ratio of 0.05
(compared to 0.3 in fallout) which provides a method for tracking its dispersion over
distances of 100 km into the Barents Sea.

4. Artificial radionudide levels in sediments and seawater near a sunken barge loaded
with radioactive wastes in the Novaya Zemiya Trough are similar to background fallout
levels in the Kara Sea and provide little evidence for the release of radioactive
contaminants from the dumpsite.
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LIST OF FIGURES

Figure 1. Cruise track

Figure 2. Chernaya Bay

Figure 3. Radionuclide sediment profiles at Station 113 in Chernaya Bay are
consistent with results from a biodiffusion model for a sedimentation rate, co, of 0.05
cm/y and a biodiffusion coefficient, Db of 0.15 cm2/y indicating that downward transport
of radionudides is governed mainly by biological mixing.

Figure 3. Plutonium transport from Chernaya Bay is reflected by a decrease in the
23$240pu S j g n a | normalized to % (day + silt) component of the sediments, with
increasing distance seaward from Chemaya Bay. The increase in the 241Am/2 240Pu
ratio with increasing distance up to 100 km reflects mixing of sediments contaminated
with Chemaya Bay fallout (241Arn/239i24CPu = 0.05) and atmospheric fallout
(241Arn/23«40Pu = 0.30)

Figure 4. Large volume water samples were collected in the vicinity of the barge
dumpsite in the Novaya Zemlya Trough (see Figure 1) using a 100 I sampling bottle
Radionuclide bottom water concentrations around dumpsite location are typical of levels
measured throughout the Kara Sea and Novaya Zemlya Trough and show no indication
of enhanced releases of radioactivity from the barge.
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NORWEGIAN SEA 4

KARASEA ,
Dumpsit^c

Figure 1: Cruise track for FW Geclog Fersman in September 1993.
The location of Chemaya Bay and the site of the dumped vessel are
marked.

Figure 2: Levels of Cesium-137. Plutonium-239.240 and
Cobalt-60 measured in surface sediments in Chemaya Bay
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Radionuclide Sediment Profiles
Chemaya Bay (Sta. 113)
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Figure 3. Radionuclide sediment-depth profiles (Sta. 113) in Chemaya
Bay are simulated by bwdiffusion model using steady-state flux of 210Pb,
and 1957 pulsed input of artificial radkxiudkJes. Plutonium concentrations
are among the highest ever recorded in the marine environment.

Radionuclide Bottom Water Concentrations at Dumpsite
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Figure 4. Elevated 1^7Cs levels in bottom compared to surface
water are due to older age of deep water in Novaya Zemlya
Trough labelled by higher levels of Sellafield and Chernobyl
tracers. Bottom water activities reveal no evidence for
radioactivity releases from the dumpsite.
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INTRODUCTION

Contaminated soils and sediments can act as secondary sources of radionuclides to Arctic
waters. In cases where the original source of contamination has ceased or been greatly reduced
(e.g., weapons' testing, waste discharges from Mayak and Sellafield) remobilization of
radionuclides from previously contaminated sediments increases in importance. With respect to
Arctic waters, potential secondary sources include marine sediments contaminated by
weapons' testing (Aarkrog 1993; JRNC 1994), by discharges from nuclear installations to
seawater, e.g., the Irish Sea (Fjelldal etal, 1995), or by leakages from dumped waste
containers (JRNC 1994; Berretzen et al., 1995; Salbu et al., 1995). The major land-based
source is run-off from soils and transport from sediments in the catchment areas of the Ob and
Yenisey rivers, including those contaminated by Mayak discharges. Remobilization of
radionuclides is often described as a secondary source of contamination. Whereas primary
sources of man-made radionuclides tend to be point sources, secondary sources are usually
more diffuse.

Radionuclides can be transported from the sediment to water phase by chemical, physical and
biological processes (Fig. 1). Chemical mobilization includes ion-exchange, leaching and
dissolution; physical transport can occur due to natural or anthropogenic resuspension of the
sediments, e.g., during flooding, erosion or estuary dredging. Biological processes can effect
both chemical and physical (bioturbation) mobilization. The input of radionuclides to the Kara
Sea through the Ob-Yensiey estuaries includes ionic species that have been chemically leached
from high activity soils in the Upper Techa river (Tronstad et al., 1995), as well as physical
transport of contaminated suspended sediments.

The radionuclide speciation and interaction with sediment components will determine the
degree to which remobilization of radionuclides can influence levels in other parts of the
ecosystem. Transfer fluxes (Bq yr'1) will be a function of both the amount of radionuclides in
sediments and the kinetics of transformation processes. With this in mind, the aim of the work
presented in this paper was to investigate radionuclide (137Cs and ^Sr) association with
sediments and to study possible processes leading to mobilization and transfer to Arctic
waters. Investigations include experiments on the transfer of radionuclides from both
freshwater sediments and marine sediments to seawater.
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Figure 1: Sources of radionuclides from sediments to river, estuarine and marine waters.

MATERIALS AND METHODS

Experiments were carried out on marine (Kara Sea, Irish Sea, Stepovogo and Abrosimov
Fjords), estuarine (Ob-Yenisey) and dirty ice sediments. Total 137Cs and 90Sr concentrations
were determined using standard radiochemical techniques. Tracer studies using 134Cs and 85Sr
were used to investigate the kinetics of radionuclide adsorption and desorption. All
experiments were carried out under aerobic conditions at 4°C, using fresh, wet sediments. The
water used in the tracer studies was either Oslo Fjord seawater (salinity 34 psu, pH 8.2) or
Akerselv river water (pH 5.4), primarily because site-specific waters were unavailable for most
sites. It must be stressed that tracer experiments should be seen as operationally-defined
investigations into processes and controlling parameters, rather than an attempt to mimic
natural conditions.

Mobilization from Freshwater Sediments
The potential for mobilization of radionuclides from sediments following transfer from a
freshwater to a saltwater environment was studied. Labelled river waters (20 ml) were added
to Ob and dirty ice sediment samples (equivalent to ca. 1 g dry weight). After 1 week contact
time, distribution coefficients (Kd ml g'1) were measured in fresh water (3 x 20 ml extraction)
and after transfer to saltwater (3 x 20ml extraction). Extractions were carried out sequentially:
labelled sediments were shaken with water for 1 hour, then separated by high-speed
centrifugation.

Sorption and Mobilization from Marine Sediments
Rates of change in sediment-water Kd (ml g'1) were measured as a function of contact time in
static seawater-sediment tank studies. Radionuclide mobilization from sediment components
was studied using sequential extraction after different contact time of labelled seawaters. The
extraction agents included: seawater; 1M NH4Ac (pH 7); 1M NH4Ac (pH 5); and 7M HN03.
In samples having high enough "natural" contamination levels (i.e., Irish Sea and Stepovogo)
the distribution of 137Cs and *°Sr between sediment extraction fractions was compared with
that of the 134Cs and 85Sr tracers.
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RESULTS AND DISCUSSION

Mobilization from Freshwater Sediments and Soils
Run-off from contaminated sediments and soils through the Ob-Yenisey estuaries represents a
source of contamination in Arctic waters (JRNC, 1993; JRNC, 1994). During "normal"
conditions the transfer of both 137Cs and '"Sr with suspended sediments is not thought to
represent a significant fraction of the activity inputs to the Kara Sea. However, two main
sources of sediment transport can occur under episodic events, namely, "dirty" ice (i.e., ice
containing sediments) and suspended sediments transported with flood waters. In both cases,
freshwater sediments are transported into marine waters, hence are subject to changes that can
influence mobility of radionuclides associated with sediments. Preliminary analysis of 90Sr in
surface sediments from the Ob-Yenisey area indicated enhanced levels in Ob river sediments
and in sediment samples taken from dirty ice 600 km NNW of the estuary mouth (up to
41 Bq/kg). These levels are higher than the average for open Kara Sea sediments (< 2 Bq/kg)
(JRNC 1993).

Experiments using Ob and dirty ice sediments labelled with 134Cs and 85Sr tracers showed that
Kd varied enormously between freshwater and seawater: Kd in freshwater was up to factor of
1000 higher than in seawater (Fig. 2.). The mobilization of 134Cs and *5Sr after transfer of
sediments from freshwater to seawater may reflect the effect of increased pH, ionic strength,
salinity and/or concentration of exchangeable elements (i.e., alkali or alkaline earth metals).
Previous studies with tracers showed that reducing the pH of seawater decreased Kd for both
l34Cs and 85Sr, so pH is unlikely to be controlling factor (JRNC, 1993). In the case of 8SSr, high
stable Sr concentrations in seawater (8 mg/1) will promote mobilization through isotopic
exchange. Of course if Sr is not in an exchangeable form (e.g., carbonate forms, or fuel
particles), mobilization may not be so extensive.
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Figure 2. Change in Kd following sequential extraction (1 hr) of labelled Ob and Dirty ice sediments (1
\vk contact time) with freshwater and saltwater (n=3, STD < 5%). Ob samples collected 400 km
upstream from estuary mouth, Dirty ice collected 600 km N from estuary mouth
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Sorption and Mobilization from Marine Sediments
In Arctic waters, radionuclides can be transferred from the water phase to bottom sediments
by a number of processes, including sorption of ionic species, aggregation of colloids and
precipitation of mineral particles or biological materials. For many radionuclides, sediments
represent the major sinks in the ecosystem, the distribution between water and sediments being
determined by the physical and chemical properties of the radionuclide, the water and the
sediment. Tracer uptake studies to sediments showed that Kd for 85Sr was much lower than for
134Cs, 11 ± 2 and 950 ± 350, respectively, after 1 month contact time. Both static and shaken
systems indicated that sediment type influenced the degree and rate of 134Cs fixation (Fig. 3).
Kd for 134Cs appeared to be correlated with sediment cation exchange capacity and loss on
ignition (organic content). Gentle shaking increased binding rates of 134Cs by a factor of 10
compared to the static experiments. However, after 1 month contact time, there was
reasonable agreement between Kd in static and shaken water-sediment systems.

O 2OO 4OO 6OO 8OO 1OOO 12OO 14OO
Contact time (hr)

Figure 3: Change in Kd for n4Cs as a function of contact time in static seawater-sediment system (ca. lOg
dry weight sediment, added wet, to 2000 ml seawater).

Sequential extraction studies showed that 85Sr was easily extracted from sediments, whereas
l37Cs was rapidly and strongly fixed to sediment components (Fig. 4). Comparison of tracer
distributions with results from extraction studies on Irish Sea and Stepovogo sediments gave
very similar distributions for 137Cs and the 134Cs tracer. However, ""Sr was rather more
strongly-bound to the sediment than 85Sr, showing a significantly higher extraction into NH4Ac
(pH 5) than was observed for the tracer. This could reflect a time-dependent sorption reaction,
e.g., incorporation of *°Sr in the carbonate or amorphous fraction in marine sediments.
Differences between the tracer and the "natural" '"Sr may also indicate different source terms
(i.e., non-ionic for the 90Sr) or different removal mechanisms to sediments (e.g., biological
cycles rather than ion-exchange).

In conclusion, 90Sr is much less strongly bound to marine sediments than 137Cs, and can be
chemically mobilized through ion exchange with elements in seawater. Radiocaesium is
strongly and rapidly fixed to sediments. Discharges of 137Cs to surface sediments (i.e., from
dumped containers) would be expected to be retained in sediments to a greater extent than
discharges to sea-waters. Physical mobilization of sediments, for example resuspension, may
be of more importance for transport of l37Cs than for '"Sr.
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Figure 4. Tracer study showing extractability of 134Cs and 85Sr tracers associated with marine sediment as
a function of contact time (c.a. 0.5 g dry weight to 20 ml seawater, shaken for 30 mins then stored at 4°C).
The sediment sample was collected 300 km North of the Ob-Yenisey estuary mouths.
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Introduction

Satellite images from the Kara Sea show that, until July, fast ice extends along the coast and fills the
estuaries of the Ob' and Yenisey rivers. It is separated from offshore drift ice by a region of open water,
comprising a flaw lead/polynya. By August, much of the fast and drift ice has melted and retreated from the
southwestern Kara Sea, leaving behind a persistent patch of ice east of Novaya Zemlya.

Because both the Ob' and Yenisey rivers discharge water throughout the winter, the fast ice is likely
to incorporate river-bome contaminants by bottom adfreezing. During peak river discharge in June, the fast
ice remains in place, and is potentially influenced by the river outflow throughout the length of the estuary.
Breakup and melting of the fast ice in July could release contaminants to the surface waters

By late July and August, when the fast ice has disappeared, the river discharge is observed primarily
along the shore in a zone which extends offshore more than 100km. In fall, newly-forming ice may
incorporate contaminants from the river plume, while in late
winter, convection penetrating to the sea floor may allow
resuspended sediments to be entrained in ice forming in the
flaw lead/polynya. Drift ice formed in this region could men
advect contaminants offshore (PFIRMAN et al., 1995).

Here we discuss the potential for exchange of water,
ice and contaminants with the Barents Sea through Kara Gate
(Karsikye Vorota), south of Novaya Zemlya, in the context of
the temperature and turbidity distribution observed in the
satellite images

SS7 dstribution Kara and Pechora Seas on 8 Aug 1988

Processing of Advanced Very High Resolution Radiometer (AVHRR) Satellite Images

Field of view (swath width) for the sensors is approximately 2500 km. Pixel size at the sub-satellite
point is 1.1 x 1.1 km, increasing to about 3 km across track towards the edge of the swath. The sensitivity
of the AVHRR thermal infra-red channels is approximately 0.12°C. The image processing was primarily
done using MINIMAGE UNIX developed at Ecole des Mines de Paris and software developed in house
(Akvaplan-niva, Tromse, Norway).

Masking Land. Ice and Clouds

Pixels representing open water, land, ice and clouds were separated using threshold values in
different channels. The thresholds and the channels used for the masks were determined for each scene
separately.

It was not possible to isolate the water pixels with very high red reflectance with the use of simple
threshold values. Because of this, the upper parts of the Yenisey and Ob' rivers, as well as Pechorskaya and
Khaypudyrskaya Guba have been masked out. These areas probably have open water with very high
turbiditv.
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Also, due to the relatively low spatial resolution of the imagery, some pixels may represent the total
reflectance of two or more different sources, e.g. water, cloud, and/or ice. This can cause problems in
interpretation. For example, high reflectance percentages around some ice edges might be caused by the
presence of small floes.

Red Reflectance

A major part of the signal received in the red (channel 1) is from the atmosphere. Possibilities for
atmospheric correction of AVHRR data are limited, but over water one can assume that the signal received
in channel 2 (near infrared) is almost entirely derived from the atmosphere. Assuming further that the
atmospheric effects in channel 1 and 2 are constant, an atmospheric correction was made by subtracting the
lowest reflectance (clear water) value found in the channel 2 image from all reflectance values in the channel
1 image.

Red reflectance can be used as a measure for turbidity (S0RENSEN et al., 1989; PRANGSMA and
ROOZEKRANS, 1989; PAGANO, 1991; FROIDEFOND et al., 1993). The relation between reflectance
and turbidity can be assumed to be linear Elevated red reflectance may be due to suspended sediment
and/or biological activity in the surface waters but also to the occurrence of clouds or ice within the pixel.
Therefore, the red reflectance must be interpreted with care.

A color table was assigned to the reflectance values for water and ice. The color scale ranges from
black (null reflectance) through blue, green, yellow and orange to very dark red (20% reflectance). Land and
clouds were overlain with a gray-level image based on channel 2 data.

Sea Surface Temperature

Sea surface temperatures (SSTs) were calculated using thermal infra-red values in AVHRR channels
4 and 5. Together with the image data, the satellite transmits measurements of radiation from two sources
with known temperature, an on-board black body target and deep space. The temperature of deep space is
assumed to be known, and the temperature of the black body is measured on board and transmitted to earth
for every scan line in the image. These values are used to assess a linear relation between the digital output
values and the satellite-received radiances. Slope and intercept for the calibration equation were determined
using data from SO equally spaced scan lines

Brightness temperatures (Tb) for channel 4 and 5 were calculated from the radiance (L) detected by
the sensor, using a sensor specific approximation for the inverse of Planck's radiation law for the AVHRR
sensors, as formulated by Singh (in PRANGSMA and ROOZEKRANS, 1986):

Tb = Bb/(In(Lb)-Ab)-273.15

Where Ab and Bb are constant for a specific sensor and channel.

Sea surface temperatures (Ts) were calculated using regression relationship coefficients for infra-red
channels 4 and 5 (split window technique) as proposed by Deschamps (in PAGANO et al., 1991):

Ts =T4 + 2.63 (T4-T5)-2.18

For eastern North Atlantic waters, SSTs derived using this method are usually accurate within 0.6°C. The
SST and brightness temperature images were classified and color coded in intervals of 1°C. Ice, land and
clouds were merged into the image as was done for the red-reflectance images.

Kara/Barents Water and Ice Exchange

The narrow Litke Current in the northern part of the 61-km-wide Kara Gate flows towards the west
with velocities ranging up to 25 cm/s (PAVLOV et al., 1994). The southern portion of Kara Gate and the 8-
km-wide Yugorsky Shar, are dominated by the east-flowing Pechora Current (NOVTTSKIY, 1961) with
velocities ranging up to about 65 cm/s (PAVLOV et al., 1994). Particularly in the summer, the Pechora
River discharge represents a large portion of this easterly flow (TANSIURA, 1959), mixed with saline
waters of Atlantic origin (ZENKEVITCH, 1963). There are indications in both surface temperature and
turbidity of this water exchange. The Litke Current is seen as cooler, less turbid water in the northern part
of the strait. In return, the warmer, more turbid water of the Pechora Current is observed in the southern
portion of Kara Gate. The eastward flow of turbid water along the coast seems to incorporate some
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influence from the Pechora River discharge as proposed by Tansiura (1959). Pavlov and Pfirman (in press)
estimate that, overall, there is a net annual water inflow from the Barents Sea through the strait of Kara Gate
of about 1,240 km3/year (0.04 Sv, ranging up to 0.6 Sv). la addition, Kuznetsov (1983) estimates that from
May to November about 21,000 km2 of ice flow from the Kara to the Barents Sea. In winter Kuznetsov
(1983) states that the flow reverses and from December to April 98,000 km2 of ice flow from the Barents to
the Kara, resulting in a net ice transport toward the east of 77,000

Assessment of the actual transport through Kara Gate is important, because it represents a direct
path from the more contaminated regions of the southern Kara Sea into a highly productive region of the
Barents Sea. The eastern Novaya Zemlya Current is potentially fed by discharge from fjords where
dumping of radioactive waste took place, as well as by recirculating Ob' and Yenisey river discharge and it
continues in part as the Litke Current through this strait. Although the flux of sediments and contaminants
through the strait has not been measured, there are indications that some westward transport does occur. The
distribution of DDT, lead, and oil hydrocarbons seem to indicate active westward transport through the
strait, and the distribution of zinc, cobalt and nickel (GRIKUROV, 1994) are consistent with this scenario.
Analysis of sea floor sediments by Numberg et al. (in press) also indicates westward transport of some clays
through Kara Gate consistent with the location of the Litke Current observed in the satellite images.
Similarly, Zenkevitch (1963) observed faunal distributions consistent with exchange of water through the
strait. Arctic and boreal benthos in Kara Gate and along the southwestern coast of Novaya Zemlya appear to
drift into the Barents Sea from the colder Kara sea forming a distinctive assemblage in this region.

Drift Experiment

In 1930-1934, Vize (1937) conducted a series of experiments with drifters in the Kara Sea. Over
300 wooden buoys with return addresses were released to the surface waters. On average, 5 buoys were
deployed at each station. 83% of the drifters released in the northwestern Kara Sea near Vize Island were
recovered in the Atlantic Ocean along the coasts of Iceland and Norway. Only a few from the southern Kara
Sea were recovered in the Atlantic, indicating limited export to the Atlantic from this region. Assuming that
the buoys exited the Kara Sea to the north and came south through Fram Strait, the "normal" drift velocity
from the Kara Sea to the northern coast of Iceland or the northwestern coast of Norway, is about 2.5 nautical
miles per day.

In 1934, there was rapid transit from the Kara Sea to the Norwegian Coast, including one drifter —
deployed near Vize Island — that was recovered within 250 days. If these buoys also exited the Kara Sea to
the north and came south through Fram Strait to Norway, this transit time would represent more than triple
the usual velocity: 7.8 nautical miles per day (VIZE, 1937 — note, however, that the actual route is
unknown). This experiment shows that under certain conditions the transit time from the Kara Sea to the
Nordic region can be quite rapid.

Conclusions

Because of the extensive ice cover in the southern Kara Sea, contaminants discharged in rivers are
likely to interact extensively with sea ice, during all the year except for late July to mid October.
Contaminants may be incorporated in the fast ice, as well as in ice forming in the offshore flaw polynya
(PFIRMAN etal.,'1995.

River influence on shelf surface waters reaches its greatest extent in late summer, when it forms a
region of high turbidity and temperature along the shore, extending offshore more than 100km. Examining
the distribution of contaminants on the sea floor (GRIKUROV, 1994; MELNKOV et al., 1994),
sedimentation rates (KLENOVA, 1960), and the ice distribution (PAVLOV and PFIRMAN, in press)
indicates that sediments and contaminants discharged by the rivers accumulate in the region protected by
fast ice cover. Offshore of the fast ice zone, contaminants may be adverted from the region by sea ice
and/or ocean currents.

Both the images and information from the literature indicate exchange of water, ice, sediments,
organisms, and contaminants, through Kara Gate. Coupled with the distribution of pesticides and metals
mapped by Grikurov (1994), these data indicate that the flux of contaminants through the straits south of
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Novaya Zemlya should be investigated because it could influence the large population of detritus feeders in
the region.

The drifter research of Vize (1937) shows that, under special circumstances, rapid transit may occur
from the northern Kara Sea to Norwegian shores.
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Sea ice and ice-borne sediment samples were collected across the western
Arctic basin on the joint U.S./Canada Arctic Ocean Section during August,
1994. Samples were processed on board and returned at the completion of
the cruise to Oak Ridge National Laboratory for analysis. Sediment was
observed on the surface and in the ice from the southern ice limit in the
Chukchi Sea to the North Pole. Preliminary results on the ice-bome
sediment samples shows widespread elevated concentrations of 137Cs
ranging from 4.9 to 73 mBq g dry weight"'' (Figure 1). The lowest concentrations
measured (4.9 to 5.6 mBq g dry weight"'') were found in samples on the
Chukchi Sea continental shelf, and correspond to activities reported for Chukchi

Sea bottom sediments. The highest value (73 mBq g dry weight""I) found north of
the Chukchi Sea, is comparable to elevated levels present in the shelf sediments
of the Yenesey River estuary. Although these levels are not dangerous, they are
in several cases significantly higher than any bottom surface sediments collected
in the Bering, Beaufort and Chukchi Seas from 1992-1994 (Figure 2).

In collaboration with Tom Beasley from the Environmental Measurements
Laboratory plutonium and neptunium activities were measured. The plutonium
isotope ratio (239pu:240pu) o f the high 137Cs sample discussed above was
lower (0.17) than would be expected for integrated world bomb fallout (0.18-
0.20), but higher than surface sediments in the Yenesey River estuary (0.13-
0.16). Plutonium isotope ratios of surface sediments in the Ob River estuary are
similar (0.17-0.18), however, ice formed in these locations in the Kara Sea would
not typically be transported into the Beaufort Gyre, where the highest
radiocesium concentrations were observed.

Additionally, two other sea ice sediment samples had even lower 240pu:239pu

ratios (0.13 and 0.14), indicating an origin which is in part from nuclear re-
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processing activities. These ratios were observed in sea ice sediments with
modest radiocesium concentrations (7.5 and 12.3 mBq g dry weight ~1,
respectively). All of the other sea ice sediment samples have 240pu:239pu

ratios consistent with plutonium of bomb fallout. There are also indications that
237Np:239pu levels in the samples with low 240pu:239pu ratios show an
excess of neptunium over that in integrated bomb fallout, again suggesting an
origin from nuclear re-processing activities.

In comparison to sediment associated with sea ice, 137cs concentrations of the
ice itself were less than 1 mBq M. No other anthropogenic radionuclides were
detected during gamma spectroscopy. Concentrations of 129j j n the sea ice
samples, assayed using accelerator mass spectrometry were also consistently
low, around 1 x 10.8 atoms H , which are comparable to surface Arctic Ocean
waters.

These results indicate that sea ice is a primary transport mechanism by
which contaminated sediments are redistributed throughout the Arctic
Ocean and possibly exported into the Greenland Sea and North Atlantic
through Fram Strait. The wide variability in the ice-borne sediment
concentrations of 1 3?Cs measured along the transect argues that
contaminants incorporated on the Siberian shelves can follow much more
variable trajectories than is suggested by mean ice drift calculations.

Our findings strongly support future investigations of processes of
radionuclide and sediment incorporation into ice. Likewise, modeling of
ice transport from the Siberian shelves, as well as probability studies of ice
trajectories derived from historical and current buoy drift fields are
warranted to determine the fate of ice transported radionuclides.
Monitoring on the Beaufort Sea shelf of Alaska is suggested.
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Figure 2. Distributions of sediment activities of *^Cs (Bq • kg dry weight-
1) detected in surface (0-4 cm) sediments collected in the Bering Sea (top
panel), Beaufort and Chukchi Seas (middle panel) and in sediments
entrained in Arctic Ocean sea ice (bottom panel). Radioactivity ranges
reported correspond to the date of collection. Bering Sea samples were
collected in 1990,1992,1993, and 1994. Samples north of Bering Strait were
collected in 1991,1992, and 1993. Sediments entrained in sea ice were all
collected in August, 1994 except for one sample collected in August, 1993.
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INTRODUCTION

About 900,000 km2 of the polar pack ice is transferred annually from the Arctic Basin to the
North Atlantic. The largest portion of this exported ice cover is created by the large scale
divergence within the ice pack, but a significant portion of the ice cover originates in the mar-
ginal seas, either by fall freezing of the seasonally ice free waters or by wintertime advection
away from the coast.

The main objective of this study is to estimate the annual production of ice in the Laptev Sea
and to determine its ultimate fate. The study is motivated by the possibility that ice formed in
the Laptev Sea may be an agent for the long range transport of pollutants such as radionu-
clides.

The strongest evidence for long range, non-diffusive, pollution transport is the ubiquitousness
of "dirty ice" throughout the eastern Arctic (Pfirman et al., 1990, and Niirnberg et al., 1993).
Although much of the ice is discolored by biogenic material, there is clear evidence of fine
grained lithogenic material. While the biogenic material grows throughout the arctic, the litho-
genic material can only be incorporated into ice formed in the coastal waters.

Figure 1. Mean field of ice motion and the mean position of the mid-September (mean mini-
mum) ice edge. The Laptev Sea area is demarcated by the box in the lower part of the figure.
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In this study we attempt to characterize the mean and interannual variability of ice production
by investigating the winter production and subsequent melt of ice in the Laptev Sea from 1979
through 1992. The general approach is to associate pollution transport with the net exchange of
ice area from the Laptev Sea to the perennial ice pack. The primary data sets supporting the
study are ice charts, ice motion, and geostrophic wind.

Figure 2. Contours of probability of fast ice during April. The median boundary roughly fol-
lows the 20m isobath and is relatively stationary from January through June.

MATERIALS AND METHODS

Mean monthly fields of ice motion were analyzed using observed ice motions from DARMS
and Argos buoys in combination with mean monthly fields of pressure (Fig. 1). Ice charts were
studied to determine the interannual variability of the fast ice (Fig. 2) and multi-year (MY) ice
edges (Fig. 1). Using these ice edges and mean fields of ice motions, we were able to estimate
the ice production in the Laptev Sea from 1979 to 1992.

Fast Ice

The term "fast ice" is used to describe that ice cover which is mechanically fastened to the
shore or to the sea floor. As can be seen in Figure 2, there is very little spatial variability in the
interannual fast ice edges. The median boundary of the fast ice edge roughly follows the 20m
isobath. The fast ice reaches its full winter time extent by December and is relatively stationary
from January through June.

October Ice

By mid-October freezing conditions predominate throughout the Laptev Sea. The area shore-
ward of the previous September main ice edge is covered by a new generation ice having
thickness of 20-30 cm. For our study, we have defined three areas of October Ice Production,
1.) the Deep Water Area defined by the MY ice edge and the 50m isobath, 2.) the Shallow
Water Area defined by the 50m isobath and the Fast Ice Edge, and 3.) the Very Shallow/Fast
Ice Area. The Deep Water October Ice is not considered a candidate for long range transport of
pollutants since we assume that the surface waters beyond the 50m isobath have low concen-
trations of suspended sediment, and neither is the Very Shallow / Fast Ice since this ice tends to
melt in place during the fast spring melt. This leaves only the shallow water area as a possible
source for long range transport of pollutants. This shallow water production area is

150,000km2.
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Figure 3. Mean October Ice Production Areas

Winter Flaw Lead Ice

A persistent feature of winter ice conditions in the Laptev Sea is the coastal polynya (or flaw
lead) formed at the edge of the fast edge boundary. Under offshore wind the drift ice moves
away from the fast ice boundary exposing the ocean to the winter atmosphere. The width of
open water can range from a few hundred meters up to several kilometers. Northward of the
open water a semi consolidated slurry of nilas and slush ice may extend for 10-15 km from the
fast ice boundary. This band of exposed water and rapidly forming ice is often seen extending
for 1800 km along the fast ice boundary.

The combination of frazil ice formation, rapidly forming new ice, and turbulently mixed shal-
low water leads to the incorporation of sediment and pollutants into the ice cover. For this
study we assume that all new ice cover formed in the Laptev Sea from November through
April is created in the winter flaw lead.

As a simple illustration of new ice cover production we consider the idealized case in which
the mean field of winter ice motion advects the newly formed ice away from the flaw lead.
First consider the trajectory of a single parcel of ice starting at 74.3N.125E on 1 November.
Figure 4 shows monthly positions along the trajectory, beginning on 1 November and ending
on 1 May. The net distance traveled is about 400 km. Now consider the trajectory of the locus
of ice parcels originating along the position of the mean fast ice boundary on 1 November. The
successive monthly positions of these ice parcels define a sequence of lines; adjacent pairs of
lines delineate monthly ice motion.

All ice particles sharing the same line were created in the flaw lead at the same time. In this
simple example the field of ice motion is held constant, so there is no difference between the
November motion of particles initiated on the fast ice boundary and the April motion of parti-
cles initiated on the fast ice boundary.

As an illustration of annual ice production in the winter flaw lead, the example above points
out a minor technicality. How can there be a November production of flaw lead ice when the
stationary flaw lead is not established until late December? The answer is - There is no
November ice produced along the flaw lead; the apparent production is due to advection of
very shallow water October ice across the yet to be established fast ice boundary. So, the ice
labeled November (and a portion of the ice labeled December) is really October ice. This mis-
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representation is probably not important to either the ice production or the pollution incorpora-
tion argument, because, by the end of April there is little difference in thickness or other
physical properties between October ice and November ice. Furthermore, the "mislabelled"
November ice was probably formed under very similar conditions as is found near the flaw
lead, so pollution and sediment loads should be similar.

Also shown in Figure 4 is the mean motion of the MY ice edge from its average October posi-
tion to its position on 1 May. The October ice formed between the 20 m isobath and MY ice
edge is now bounded by the MY pack and the flaw lead ice.

Figure 4. Idealized model of flaw lead production of ice during winter.

RESULTS

Total ice area production in the Laptev Sea may be taken as the sum of the ice produced during
freeze-up, the ice produced in the winter flaw lead, and the ice produced in the fast ice zones.
An alternative is to partition ice production by the water depth- ice created in water deeper
than 50 m; ice produced between the 20 m and 50 m isobath; and ice produced in the very shal-
low regions. We hypothesize that ice produced between the 20 m and 50 m isobath is the agent
for the long range.

We now separate shallow water ice production into three categories: October ice created
between the 20 m and 50 m isobaths; ice cover created in the flaw lead, November through
January; and ice cover created in the flaw lead, February through April. The total winter pro-
duction of ice cover is given by the sum of the three categories. The surviving winter produc-
tion only considers that ice formed from October through January. Shallow water ice
production and melt determined from studies of the ice charts, and yearly ice motion is sum-
marized in Table 1.

Table 1: Shallow Water Production of Ice (Ian2)

Year

1979

1980

1981

1982

1983

1984

October

132,000

132,000

147,000

147,000

147,000

147,000

Winter

233,000

362,000

237,000

183,000

280,000

88,000

Total

365,000

494,000

384,000

330,000

427,000

235,000

Surviving

245,000

305,000

246,000

226,000

324,000

172,000
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Table 1: Shallow Water Production of Ice (km2)

Year

1985

1986

1987

1988

1989

1990

1991

1992

Mean

October

141,000

147,000

99,000

129,000

63,000

147,000

140,000

111,000

131,000

Winter

293,000

293,000

220,000

310,000

162,000

186,000

243,000

314,000

243,000

Total

434,000

440,000

319,000

439,000

225,000

333,000

283,000

425,000

373,000

Surviving

270,000

325,000

225,000

333,000

128,000

270,000

270,000

251,000

256,000

In a typical winter season ice is produced in the Laptev Sea by the October freeze up of the
summer open water, ice free area and then by the winter flaw lead production of ice from
November through May, but only ice formed in shallow water of less than 50m can possibly
pick up pollutants and as Nikolaeva, et al., 1970 found, ice formed after February 1 typically
does not survive the summer melt and thus can not be considered a candidate for long range
transport of pollutants. We found that the mean annual shallow water production rates are
131,000km2 for October and 243,000km2 from the winter flaw lead. About 117,000km2 of this

ice fails to survive the summer melt, leaving 256,000km2 to be exported into the perennial ice
pack, but eventually melt in the North Atlantic. Due to stresses in the ice, we estimate that this
area of originating from the shallow water portion of the Laptev Sea, is reduced to account for
20% of the ice cover fluxing through the Fram Strait.
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INTRODUCTION

Radionuclides 129I and | j 7Cs have become important water tracers for the Arctic Ocean as a
consequence of large releases by two European reprocessing plants, Sellafield (UK) and Cap La
Hague (France), since the late 1960s. Atlantic water, carrying atmospheric fallout radionuclides
and labelled with tracers from reprocessing plants, is transported into the North and Norwegian
Seas enters the Arctic Ocean either through Fram Strait or the Santa Anna Trough via the
Barents and Kara Seas. The latter pathway carries water through areas containing radioactive
waste dumped by the former Soviet Union and radionuclides released from these sources could
be transported into the Arctic Ocean, representing an additional source of contamination. The
fate and transit times of the reprocessing tracer signal can provide information of the ultimate
fate of released radionuclides from the dumped radioactive waste in the Kara and Barents Seas.

Until the late 1980s, information about radionuclide distributions in the central Arctic Ocean
was limited to samples collected from ice camp locations, but the recent use of ice-breaking
vessels in the Arctic Ocean has allowed a better access to remote regions. Results from the 1994
Arctic Ocean Section (AOS) aboard Canadian Coast Guard ship Louis St Laurent, which crossed
from the Pacific to the Atlantic Ocean via the North Pole, provide information on water column
distributions of artificial radionuclides in the major basins of the Arctic Ocean and provide an
evaluation of temporal trends for stations in the western Arctic Ocean.

SAMPLING

Radionuclide profiles were collected at 10 stations and at 15 surface locations along the cruise
track (Figure 1). Samples were collected by combining water from several Niskin bottles on a
rosette sampler. Cesium isotopes were concentrated on KCFC (potassium cobalt ferrocyanide)
resin from 40- 601 and plutonium and ^Sr concentrated from 60-1001 samples by precipitation.
Additional 137Cs samples were collected using in-situ Challenger pumps which pumped water
through two KCFC cartridges, processing up to 500 1 in two hours. KCFC resin was counted on
a 50% efficient, low background Ge detector, plutonium samples were purified by standard
radiochemical techniques and alpha counted and '"Sr was determined by beta counting of the
^Y daughter. One litre water samples were collected for 129I and analyzed using the Accelerator
Mass Spectrometry at IsoTrace Laboratory at University of Toronto.

204



RESULTS

Surface activities of 137Cs and 129I along the AOS cruise track (Figure 1) show highest values
over the Lomonosov and Mendeleyev Ridges (137Cs and I29I activities up to 14.7 mBq/1 and 105
x 107 atoms/1, respectively) with slightly reduced levels in surface water overlying the Makarov,
Canada and Amundsen Basins. The l29I/137Cs ratio (Figure 2) of > 60 in surface water over the
Lomonosov Ridge, when compared to the source function curve for Sellafield (Zhou et al,
1993), correspond to releases during the late 1970s, consistent with a comparatively rapid return
flow (10-12 years) of surface water along ridge systems towards Fram Strait as part of the Trans
Polar Drift. Reduced levels of 129I (< 10 x 107 at/1) and l37Cs (< 2.5 mBq/1) found in surface
water in the Chukchi Sea reflect Pacific-source water contaminated only with atmospheric
fallout from weapons tests. 137Cesium activities are slightly lower than those measured in
surface water in 1991 (Roos and Holm, 1993), reflecting the decrease in 137Cs effluent from the
European reprocessing plants since 1979.

The i29I/137Cs ratio measured in the water column across the Arctic Ocean is shown in Figure 2
and is similar to distributions measured for the individual isotopes 129I and lj7Cs. Elevated 129I,
137Cs activities and ratios extend below the surface layer in the halocline (approximately 80 -
250m) and the Atlantic Layer (approximately 250 - 900 m) as far east as the Canada Basin,
sinking below the surface Pacific-origin water. The elevated levels reflect the transport of
Atlantic Water carrying effluent from reprocessing plants far into the Arctic Ocean, but the
decrease in the I29I/137Cs ratio with depth reflects the longer transit time for deep water from the
European reprocessing plants and earlier release years with lower 129I/137Cs ratios.

The temporal changes of radionuclide distribution in the Arctic Ocean are illustrated in Figure 3,
which shows profiles of 137Cs measured at the North Pole in 1979 (Livingston et al, 1984), in
1991 (Roos and Holm, 1993) and during AOS in 1994. The I37Cs inventory in the upper 1000 m
in 1979 was due to atmospheric fallout only while elevated 137Cs in 1991 and 1994 contains
inputs from European reprocessing plants and Chernobyl.

239,240pjutomurn at the North Pole (Figure 3) is depleted in the surface mixed layer as a result of
scavenging on the shelves, increasing through the halocline and Atlantic layers as a consequence
of reduced scavenging and downward transport of 2 3 9 2 4 0 p u on particles from surface water.

Although 134Cs was generally below detection limit (0.1 mBq/1), two measurements of the
134Cs/137Cs ratio of 0.011 and 0.014 in surface water over the Lomonosov Ridge give an estimate
of the lj7Cs Chernobyl contribution of the order of 30%, in agreement with measurements made
recently by Josefeson et al (1995). Corrections must be made for the Chernobyl contribution to
129I/137Cs ratio in order to determine the reprocessing plant and atmospheric fallout components.

The source of'"Sr is dominated by atmospheric fallout from weapons tests with little
contribution from reprocessing plants or Chernobyl releases. ^Strontium/ 137Cs ratios will be
compared the fallout ratio of 1.5 will be useful in quantifying 137Cs from atmospheric fallout.
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CONCLUSIONS

1. Highest levels of radionuclides were found in surface water over the Lomonosov Ridge,
consistent with a rapid return flow of surface water as part of the Trans Polar Drift, give a 10-12
year transit time for effluent from European reprocessing plants to this area.

2. Radionuclides released from European reprocessing plants are present throughout the Arctic
Ocean above the deep layer (1500-2000 m) with the exception of surface water in the Chukchi
Sea where Pacific water carrying only atmospheric fallout, flows through the Bering Strait.
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Figure 1: Cruise track for AOS in 1994 showing Cs activities measured in surface water.
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Figure 2: Ratio of 129I/137Cs measured across the Arctic Ocean during AOS. High ratios (> 60)
in water over the Lomonosov Ridge and Makarov Basin indicate recent arrival (approximately
10 - 12 y) of the European reprocessing plant signal.
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Figure 3: 137Cs water column profiles (mBq/1) at the North Pole at LOREX in 1979 (Livingston
et al, 1984), on Oden in 1991(Roos and Holm, 1993) and from the Louis St. Laurent in 1994.
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Since 1993 the Finnish Centre for Radiation and Nuclear Safety (STUK) has had the opportunity to
participate in Russian scientific expeditions on Barents, Petshora, Kara and White Sea. The aim of
this ongoing joint work between STUK and the Murmansk Marine Biological Institute (MMBI) has
been to obtain reliable data on the levels of transuranics and other antropogenic radionuclides in the
Russian Arctic Sea areas and ecosystems. Information about the amounts of dumped radioactive
waste, of the number of scrapped submarines, still carrying nuclear fuel in their reactors, laving in
the North Russian harbors or military bases, of the storage tanks for fuel assemblies on land and of
the possible runoff from reprocessing plants on Ob- and Jenisei-rivers have caused great concern
among the population in the North.

Marine and terrestrial samples were collected during scientific expeditions organized by MMBI in
1993 to Barents, Petshora and Kara Sea and in 1994 to Barents, Petshora and White Sea. MMBI
was responsible for the organization of the expeditions and all necessary permission and for the
heavy work on sample collection. STUK took care of the sample handling when the material was on
the ship's deck. Experts of MMBI helped in identification of the marine biota. STUK was
responsible for the terrestrial sampling and all radioactivity determinations.

SAMPLING

Sediment samples were collected from 137 locations marked on Map 1, STUK took part in
collection on 74 locations. Additional 63 top layer sediment samples were collected by scientists of
MMBI during expeditions to the Stohkmanovskaya gas field and to the northern part of Barents
Sea near Franz Josefs Land and St.Anna Trough. Top layer sediment samples were also obtained
from the Laptev Sea expedition of the icebreaker "Polarstern" of Alfred Wegener Institute.

The sediment samples represent usually the 0 - 2 cm top layer collected by a spoon or a spatula
from a van Veen grab or Russian ocean grab More quantitative samples were collected with a box
corer. These samples were sliced with a large spatula. During the Barents, Petshora and White Sea
expedition in 1994 a Niemisto gravity corer was also used. A Gemini corer was lost in the Barents
Sea at the beginning of this expedition.

Several macrobenthic fauna samples were collected with a drag or grab from Petshora Sea, but
some specimens also from Barents, Kara and White Sea. Red and brown algae samples were
collected at the shoreline or by diving at nine locations in Barents, Petshora and White Sea. Fish
samples from the most common fishing areas in Barents Sea were collected by trawling during three
expeditions in 1993 and also during a special fishing expedition in 1994.
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Map 1. Collection of sediment samples from the Russian arctic seas, STUK and MMBI 1993 and 1994. Small amount of " t o isotope noticed in sediments marked with
a number.



Sampling of lichen, vascular plants and soil was carried out to reveal the contribution of at-
mospheric fallout from nuclear weapons tests and from the Chernobyl accident.

RADIOACTIVITY DETERMINATION

Radioactivity analyses were performed by STUKs Regional Laboratory at Rovaniemi. Before the
analyses sediment, algea, plant and soil samples were dried at 105°C and homogenized. The
preliminary treatment of marcobenthic samples depended on the type of organism. E.g. shells were
separated from larger bivalvia and gastropoda before drying and homogenization. Flesh, bones, liver
and other tissues were separated from the fish. All samples were dried before the
gammaspectrometric measurement except the flesh of larger fish which were measured fresh.

All the samples were measured gammaspectrometrically with a high purity germanium semicon-
ductor and a multichannel pulse-high analyser. The results were analysed using computer programs
of STUK. Radiochemical analyses for ^Sr and Pu-isotopes were carried out to selected sediment,
algae and fish samples. ^Sr analyses were made with the classical nitric acid precipitation method
using 85Sr isotope as a tracer. The method to analyse 239-24Opu and ^'Pu and the results are
presented in an other paper of this conference (Ikaheimonen et al, 1995).

RADIOACTIVITY LEVELS ON THE SHORE

The atmospheric nuclear weapons tests on Novaya Zemlya in the 50's and 60's have not caused any
particular fallout of long-lived radionuclides on the nearby islands or coastal areas. 137Cs con-
centrations in lichen samples collected on south-shore of Novaya Zemlya, in two locations on
Waigatsh island, on Jenisey outlet and on Kanin peninsula were exceptionally low, on average only
30 Bq/kg d.w. Higher iy!Cs concentrations 100 - 400 Bq/kg were measured in lichen collected on
the Kola peninsula or White Sea area, where most of the samples contained also small amounts of
l34Cs isotope originated from the fallout of the Chernobyl accident.

Areal surface vegetation and soil samples (Map 2) from Waigatsh, Kolguev, Kanin peninsula and
Jenisey showed a 137Cs level of 500 - 900 Bq/m2. Samples from Kola peninsula and White Sea area
showed higher cesium levels, from 700 to 3200 Bq/m2. These concentrations are similar to those
measured in Northern Finland (Rissanen and Rahola, 1990).

RADIOACTIVITY LEVELS IN RUSSIAN ARCTIC SEAS

Cesium-137 was measured in all marine samples. Surface sediments from Barents, Petshora and
Laptev Sea contained from 2 to 15 Bq/kg, sand samples below 1 Bq/kg d.w.

Higher l37Cs concentrations were measured in the White Sea. Sediments from Kandalaksh bay
contained 45 Bq/kg in the surface layer. The concentration decreased with the depth and after 15
cm no cesium was noticed in the NiemistS corer samples. Two sampling locations in the middle of
White Sea showed 38 and 46 Bq/kg concentrations and 40 - 60 Bq/kg was measured in the mixed
layers of a 20 cm long corer sample collected near the outlet of Dvina river. Other gammanuclide
noticed in White Sea samples were small amounts of 1J4Cs isotope in some samples from Dvina
and Onega bay and 1.6 Bq/kg '"Co in Kandalaksh bay (site 22 in Map 1.).
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Map 2. Collection sites of terrestrial samples. 137Cs concentration Bq/m2 in areal surface soil samples with the
vegatation, mainly lichen species. Size of the sample 50 cm x 50 cm, depth 5-7 cm.

Kara Sea sampling was carried out in the Baydaratskaya bay and at the outlets of rivers Ob and
Jenisey. The highest l j7Cs concentration, 81 Bq/kg was measured in a box corer sediment profile
collected at the Jenisey river outlet (site 13 in map 1) . This sample contained also ^Co isotope and
minor amounts of 125Sb and L'4Cs isotopes (Table 1). Over 20 Bq/kg cesium-137 concentration
was also measured in another Jenisey sample (site 12 in Map 1), in one sample outside Ob-river (site
9 in Map 1) and in a sample collected near the Kara gate (site 1 in Map 1). Minor amounts of " C o
was measured in all of these samples as well as l i4Cs isotope, which was also noticed in all
sediments collected outside Ob and Jenisey outlets.

Table 1. Radionuclide concentrations, Bq/kg d.w. in a box corer sediment collected at sampling site
13 at Jenisey outlet 1993.

sample depth
cm

0 - 2cm
2 - 5 cm
5 - 8cm
8 - 1 1 cm

11 - 14 cm
1 4 - 1 7 cm

I37Cs

81
75
76
70
67
75

"Co

5.8
5.1
4.0
2.3
1.8
1.8

^Sr

0.21
0.64
0.34
0.39
0.26

239,24Opu

0.74
0.65
1.1
1.1
1.2
0.72

238Pu

0.026
0.029
0.042
0.040
0.041
0.032

The average U7Cs concentrations of the upper 0-2 cm layer of the sediment collected in Petshora
and Barents Sea was about 100 Bq/m2 , in Kara Sea 130 Bq/m2 if the Jenisey outlet level 580
Bq/m2 is excluded and in White Sea about 200 Bq/m2 (Table 2)
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Table 2. Cs concentrations, Bq/m in the upper layer (0-2 cm) of the sediments collected 1993
in Petshora and Kara sea and in 1994 in Barents and White sea. x = number of sampling sites

Sea

Petshora Sea
Kara Sea
Barents Sea
White Sea

X

13
9
4
6

mean

100
130
110
200

min

60
45
40

120

max

170
270 (580)
160
300

'"Sr analyses have been so far performed only to some sediment samples collected from Barents,
Petshora and Kara Sea. All the concentrations have been below 1 Bq/kg d.w. and at about the same
level as on the Jenisey outlet (Table 1). The plutonium concentrations of the sediment samples will
be presented in another paper (Ikaheimonen et al, 1995) of this conference. All the gammanuclide,
strontium and plutonium results for sediment samples obtained in this research are in good
agreement with other monitoring results in the same areas (Strand et all, 1994) (Hamilton et al,
1994)

44 samples of red and brown algae were collected from 11 locations in Barents, Petshora and White
Sea (Map 3). All the b7Cs concentrations were very low but slightly higher concentrations were
noticed in the few samples collected in the "mediterranean" White Sea (Table 3). Ptilota plumosa
and Psycodrys rossica found drifting on the north-east shore of Kolguev island contained 4.4 and
1.7 Bq/kg d.w Co isotope. Also slightly higher • Pu concentrations were measured in the
same Ptilota sample (Ikaheimonen el al, 1995).

Map. 3. Locations of algae sample collection Small amounts of
collected on the north-east coast of Kolguev island.

°Co noticed in the species
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Table 3. Average I37Cs concentrations, Bq/kg d.w. in algae samples collected 1993 - 1994 in
Barents, Petshora and White Sea. (n) number of samples

Fucus sp
Ascophyllum nodosum
Laminaria sp
Palmaria palmata
Odonthalia dentata
Chorda filum
micellaneus algae

Barents Sea
n Bq/kg

10 0.8
4 0.6
5 2.2
2 1.7
2 2.2
2 <0.5
s <0.5-2.2

Petshora Sea
n Bq/kg

6 1.5

2 1.5

White Sea
n Bq/kg

2 3.9

I 3.4

All the samples of makrobenthic fauna showed also very low b7Cs concentrations, usually below
the detection level 0.1 Bq/kg d. w. Higher concentrations up to 20 Bq/kg d.w. were measured in the
sediment constructed tubes of Polychaetes while the concentrations of the annelids living in the
tubes were below detection level. However small amounts of MCo isotope was measured in the
shells of bivalvia Modiolus modiolus (0.05 Bq/kg d.w.), in some polypes living on the shells (3.3
Bq/kg) and also in the shells of Mytilus edulis (0.1 Bq/kg) obtained by dredging from the sea area
north east from Kolguev island. More results on benthic fauna are presented in another paper
(Matishov et al, 1995) of this conference which contain also the results of the fish sampling.

DISCUSSION

The samples collected and analysed during this joint work between the Finnish Centre for Radiation
and Nuclear Safety and the Murmansk Marine Biological Institute covers a rather large area of the
arctic in north west Russia. All the analysed sediment, algae, benthic and fish samples have shown
surprisingly low radionuclide concentrations and indicate that the open sea areas are almost
uncontaminated. But the most interesting locations with potential risk sources are closed areas.

134Cs isotope originating from the fallout of Chernobyl accident was measured only in terrestrial
samples collected on the Kola peninsula and around the White Sea. Small amounts of this isotope
with only 2 years half-life was also noticed in some sediment samples from White Sea. U4Cs isotope
was not noticed in any terrestrial sample collected from the coastal area between the Kanin
peninsula and the Jenisey river. The very low concentrations of l:>4Cs isotope measured in Kara Sea
sediment samples were usually in association with an outlet of a river and were obviously
transported by river water from the central parts of Russia.

The measured low concentrations of the antropogenic radionuclides in the Barents and Petshora
Sea originate obviously from the the global fallout. The higher White Sea concentrations contain
also additional fallout from the Chernobyl accident and probably also some terrestrial runoff Low
concentrations of ^Co isotope in some sediment, algae and benthic fauna samples reveal however
slight fresh contamination as were concentrations also at the outlet of Jenisey river.

The results on well documented sampling locations (GPS) represent also a background data for
possible leakage or other accidents.
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The Barents Sea
The Barents Sea is a shallow sea with an average depth of 230 m. It covers the
area from the Norwegian Sea to the coast of Novaya Zemlya, and from the
mainland of Norway and Russia to about 80" N. The Barents Sea is the only part
of the Arctic ocean that has a substantial biological production.
Up to 75% of the surface can be covered by ice. The annual variation is however
considerable. Most of the ice melts during the summer and creates by this
process a special hydrographic regime with a rapid developing ice-edge
phytoplankton bloom (Skjoldal and Rey, 1989, Sakshaug and Skjoldal, 1989). This
highly productive zone follows the ice-edge retreating northwards during the
melting.
The inflow of warm and nutrient rich Atlantic water to the Barents Sea is
another essential factor influencing the conditions for biological production in
the area.

The Barents Sea ecosystem contains some of the world largest fish stocks like the
capelin, the Northeast Arctic cod and partly the Norwegian spring spawning
herring. There are strong interactions between these stocks, and variations in the
year-class strength of the various fish stocks have a marked influence on other
components of the ecosystem (Hamre, 1991).
In addition to the direct harvest of the area, the Barents Sea is important as
feeding grounds for fish populations harvested further south on the Norwegian
shelf.
The annual catches of fish from the Barents Sea have, during the last forty years,
been in the order of 2,0 - 3,5 million tonnes.

For Norway and Russia the fisheries in the Barents Sea is of great importance.
On the international market, fish from this still less contaminated sea, compared
to for instance the North Sea, is highly appreciated.
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Radioactive contamination

a) Observations in the sixties
The atmospheric nuclear bomb tests in the late nineteen-fifties made it necessary
to monitor the radioactivity in the marine resources of the Barents Sea. The
Institute of Marine Research, IMR, Bergen, as an advisory research institute
under the Norwegian Ministry of Fisheries, started in 1958 a monitoring
programme on radioactivity in fish meal. The samples represented an average of
the catches from the various fishing areas, and the measurement was aimed to
detect possible radioactive contamination in commercial landed fish.
In 1961 started also regular measurements on important fish species. A summary
of the results of these measurements is presented in fig. 1 (Fayn, 1991), where
also the present status according to Sickel et al. (1995), is included.

80.00- ,

o.oo
1961 1968 1991-94

Fig. 1. Total mean beta-activity minus 40K in fish from the Barents Sea. Values
from 1991-94 reported by Sickel et al. (1995) are for 137Cs.

The values at the time of measurement were reported as total beta-activity
minus the activity of potassium-40, (Berge, pers com.). The potassium-40 values
were calculated on the basis of a constant isotope ratio after determination of
total potassium content.
Although the monitoring was not specific regarding determination of radio-
nuclides, the results gave a sufficiently good basis for a continuous assessment
of radioactive contamination of fish and fish products from the Barents Sea.
The measurements undertaken during the monitoring programme in the sixties
increased our knowledge of the behaviour of direct fallout to the ocean. The
nuclear bomb tests conducted in the eastern Barents Sea created a considerable
direct contamination of this sea area.
The data from the monitoring program showed clearly differences in
contamination between the fish-meal samples and the individual samples. While
contamination was clearly demonstrated in the individual samples of muscle
tissue, the fish-meal which consisted of skin and bone and other non edible parts
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as the gills, where water flushes through constantly, showed less evidence of
contamination. This indicate that the uptake of radionuclides in the fish flesh
came through the food.
The monitoring showed an "immediate" response of higher contamination
following a bomb test and also a pronounced seasonal difference in the
radioactive contamination of the fish. During the summer, the radioactive
contamination was at its highest. Indicating that the bio-concentration was
through phytoplankton to zooplankton. During the highly productive summer
season the various rish species may shift their diet to smaller species.
The highest mean values, close to 90 Bq -kg"1 w.w., was measured in saith
(Pollachius virens) in 1963. Saith as a semi pelagic fish may find its food higher in
the water column, while cod and haddock are demersal species feeding close to
the bottom.
An observation maid by Berge was what may be interpreted as a species
dependent uptake of strontium-90 in fish bones.
While significant levels of strontium-90 was detected in bones from haddock,
only insignificant levels were determined in bones from cod and spotted catfish.

At the time of closure of the monitoring programme in 1968 it was believed that
the problem of radioactive contamination in the fish resources of the Barents Sea
was a thing of the past. The Chernobyl accident and more recent events as the
wreckage and sinking of the former Soviet nuclear submarine "Komsomolets"
and the documentation by the Russian government (Anon, 1993 a) of the
problem of dumped radioactive material at the east coast of Novaya Zemlya,
have proved different.

b) Present observations
When the Chernobyl accident happened almost two decades had passed without
any systematic monitoring of the radioactivity in the Barents Sea. The accident
initiated new activity in this field at the IMR. In 1990 a programme of sampling
sediments and water in the Barents Sea for, in the first hand, determination of
radiocaesium.
Caesium has chemical properties resembling potassium and as potassium is an
important ion in the osmoregulation of fish it is likely that caesium behaves
similar. The concentration of potassium and caesium in oceanic seawater are 380
g -m'3 and 0,5 mg -m'3 respectively, and given concentration factors as reported by
Polikarpov (1966) of 11.0 for potassium and 10,9 for caesium in haddock from
the Barents Sea, the content of caesium in fish is small compared to potassium.
As the presence of the anthropogenic radioactive isotopes of caesium in oceanic
seawater have to be rather small compared to the non radioactive isotope, the
radiocaesium contamination in fish from such areas has also to be low.

However, since the Barents Sea is, and has been, exposed to,
- anthropogenic radioisotopes through atmospheric fall-out,
- discharges from nuclear industry in Europe transported northwards by the

currents, particularly the Norwegian Coastal Current,
- assumed contributions from land based sources in northern Russia, and
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- the dumping of radioactive material by the former USSR in the eastern
Barents Sea and the Kara Sea,

it is important to establish a good knowledge of the distribution of radiocaesium
available for the marine organisms of the area. Thus the contamination of
radiocaesium in sediments was given first priority.

Sediments
Our sediment samples represents the first (upper 1 cm) centimetre of the bottom
sediments. Sediment sampling procedure is according to the guidelines
established in the North Sea (North Sea Task Force) reported by ICES, 1992.
The overall mean value from a total of 102 stations in the Barents Sea and the
west coast of Svalbard is 3,2 Bq -kg"1 d.w. of caesium-137. Caesium-134 was not
detected. The caesium-137 values were found to be between <l,0 and 8,6 Bq -kg"1

with the highest values close to Svalbard.

Biota
Measurements of contaminants in commercial fish catches are done as part of
the regular quality control system. Most of the samples for routine control of
radioactive contamination are measured with Nal-detectors having a detection
limit of approximately 20 Bq -kg'1 w.w. All samples measured with this type of
equipment have so far fallen below this detection limit.
This monitoring programme has also included more elaborated measurements of
some fish samples and the results as reported by Sickel et al. (1995), show values
for caesium-137 between 0,3 + 0,06 Bq -kg'1 and 0,8 ± 0,7 Bq -kg"1 for cod and
haddock caught in the years 1992 - 94 in the Barents Sea area.
The russian fisheries institute, PINRO, in Murmansk, measured radioactive
contamination in seaweed from the eastern part of the Barents Sea in 1991, they
reported values from 4 - 10 Bq -kg'1 dry weight. Earlier measurements from the
norwegian coast in the beginning of the eighties, referred to by Carlson &
Snoeijs (1994), show a gradient from south to north from about 13 to 6 Bq -kg'1

d.w. in Fucus sp. Sickel et al. (1995) reported a caesium-137 value from 1993 of
1,2 ± 0.07 Bq -kg"1 d.w. in Fucus sp. from Varda close to the boarder of Russia.

Water
Our measurements in surface samples from the Barents Sea, collected in 1991,
showed values of caesium-137 between 5-15 Bq -m'3. These values are within the
same range as the values determined on board the russian research vessel
"Akademik Boris Petrov" in 1991. The results from these measurements showed
a distinct reduction in caesium-137 levels in the surface water as the ship moved
northwards, from about 50 Bq -m'3 in the Skagerrak at the southern border of
Norway, to values around 10 Bq -m'3 in the Barents Sea.
During the three norwegian - russian expedition to the Kara Sea in 1992, -93 and
-94, measurements of caesium-137 were between 11-32 Bq/m3.
The lowest values were measured in fairly brackish surface water, while the
higher values were observed in deeper water with salinity reflecting inflow of
Atlantic water.
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Older data of caesium-137 from seawater samples from the Barents Sea were in
the same range as the data from the nineties. Kautsky (1980) reported caesium-
137 values from surface water of the Barents Sea in 1972 between 0,14 - 0,26
pCi -I'1 ( 5,2 - 9,6 Bq -m'3) with the highest values close to the Norwegian coast.
Vakulovski et al. (1985) reported caesium-137 values from the Kara Sea surface
water to be between 8 - 27 Bq -m'3 in 1982.

Concluding remarks
The fish resources as such of the Barents Sea have not yet been affected by
anthropogenic radioactivity. Neither during the nuclear bomb tests in the fifties
and sixties, nor during recent years due to accidental releases. The fisheries may
however, be dramatically affected by the fact that the focus of the media on
radioactive contamination frightens people from eating fish.

For the concern of the radioactive contamination of the Barents Sea we will
continue the monitoring,

a) to detect possible changes in the presence of radionuclides in
Norwegian waters, and to develop a base for assessing, in a readiness
situation, the impact of potential accidental releases, and

b) to document the potential of contamination both in marine fish and in the
marine environment for the purpose of avoiding speculations about the
quality of fish products from Norwegian waters.
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INTRODUCTION

A monitoring programme for assessing the levels of radioactivity in marine fish in the Northern
areas of Norway (north of the Arctic Circle) is founded by the Norwegian Food Control
Authority, and co-ordinated by the local Food Control Authority, Salten Region, Bod0. The
local Food Control Authorities in Troms0 and Hammerfest, and the Svanhovd Emergency
Preparedness Unit, Norwegian Radiation Protection Authority, in Svanvik participates in the
programme.

The programme focuses on marine species which are important for human consumption. It
started in 1993 and will continue for several years. The programme is co-ordinated with the
National programme for monitoring the levels of artificial radioactivity in the marine
environment The National surveillance programme is co-ordinated by the Norwegian
Radiation Protection Authority (Sickel etal., 1995).

Information about the dumping of nuclear waste, sunken nuclear submarines, and the handling
of nuclear waste on the Kola peninsula has led to the speculation whether marine fish from
the Northern areas are, or can be, contaminated with radioactive isotopes. Among potential
sources of radioactive contamination to the Northern seas are dumping of nuclear waste to the
Barents and Kara Seas, river transport from nuclear installations in the drainage areas of the
rivers Ob and Yenisey and the rivers Pechora, Onega and Severnaya Dvina, the nuclear
submarine Komsomolet which sunk south east of the Bear Island in 1989, nuclear power plants
and Russian bases for the nuclear fleet along the coast of the Kola peninsula (Sickel etal.
1995).

The aim of the programme is to document the levels of any radioactive contamination in
marine fish from the northern part of Norway and the Barents Sea, and to monitor the levels
regularly in order to discover any changes due to possible releases from radioactive sources.

The intervention levels for the nuclides Cs-137 and Cs-134 are 370 Bq/kg for milk and infant
food and 600 Bq/kg for all other foodstuffs. These are the same intervention levels as those
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which apply in the European Union. At present in Norway, a national level of 3000 Bq/kg are
applied for reindeer meat, game and wild-caught fresh water fish.

MATERIALS AND METHODS

Materials
During the autumn of 1993 and throughout 1994, totally 59 samples offish, shrimps and
scallops were collected from commercial catches delivered to local fishing plants and from
research catches on board the research vessel «Oscar Sund», Department of Fisheries and
Natural Science, Bod0 College. The collections were co-ordinated by the local Food Control
Authorities in Hammerfest, Troms0 and Bod0.
The catching sites are shown in Fig. 1. 24 of the samples were cod which were collected
regularly. The remaining 35 samples of different species were collected occasionally. These
species were haddock, saithe, herring, shrimp, redfish, wolf-fish, Greenland halibut, plaice,
scallop and farmed salmon (Table 1). Each sample of fish consisted of 25 individuals. The
samples of shrimps and scallops consisted of about 5 kg each. Weight and length were
registered. The measurements were done on muscle tissue from the thickest part of the fillet
Quantities of the 11 sampled species which were caught or slaughtered north of the Arctic
Circle in 1994 are shown in Fig. 2.

Individual measurements with Nal detectors
About 200 g frozen and thawed muscle tissue from each individual were cut to small pieces,
transferred to the measuring beaker, and measured for Cs-137 using Canberra series 10
portable multichannel analysers with 3" Nal scintillation detectors (resolution of approx. 7%,
efficiency of approx. 5%). Each measurement lasted about 2-3 hours or until 5000 counts had
been registered. The detection limit for these instruments is about 20 Bq/kg.
If muscle tissue from one individual was not sufficient, two or more individuals were pooled.
The measurements were made at the local Food Control Authorities in Hammerfest, Troms0
andBod0(Fig. 1).

Measurements on pooled samples with HP Ge detector
Muscle tissue from all the individuals in each sample were mixed to make a pooled sample.
About 500 g of the pooled sample was filled in a Marinelli beaker (500 ml) and measured for
Cs-137. The measurements were performed on coaxial one open end, closed and facing
window, Canberra HP Ge (high purity germanium) detector (relative efficiency 35%, detection
limit 0.05 Bq /kg). The measuring times were about 24 hours. At a level of 0.5 Bq/kg the
uncertainty of the measurements was about 10%. These measurements with Hp Ge detector
were made at Svanhovd Emergency Preparedness Unit in Svanvik (Fig. 1).

RESULTS

Totally about 1150 measurements of individuals from 59 samples (Table 1) using Nal
scintillation detectors have been made. All the samples had radioactivity below the detection
limit (20 Bq/kg wet weight). These results are satisfactory regarding the consumption of
marine fish from these areas. This type of detectors are convenient and relatively fast to use,
and are also satisfactory regarding regularly monitoring of radioactivity caused by any nuclear
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accidents. But because of the high detection limit relatively to the registered levels of
radiocaesium in marine fish, it was not possible to measure individual variations within a
sample of fish. Neither was it possible to register any small changes in radioactivity during
months or years caused by any slow releases, or any differences between catchment locations.

Measurements on 58 pooled samples using HP Ge-detector showed values from about 1 Bq/kg
wet weight and lower (Table 1). The lowest levels were found in shrimps (about 0.2 Bq/kg wet
weight). There was not any distinct difference between the remaining examined species (mean
values from 0.3 to 0.7 Bq/kg). These values are by far below any intervention levels
concerning the radionuclides Cs-137 and Cs-134. Because of the short half life of Cs-134 (fia =
2 years) relatively to the Tsjemobyl accident in 1986, almost all the activity measured were
from Cs-137 (tm = 30 years).
During the 16 months of regular collection of cod samples, there was not significant change in
the level of Cs-137 in the fish muscle. Nor was it any difference in levels between the different
catchment locations (Fig. 1). The mean value for 24 pooled samples of cod was 0.5 Bq/kg wet
weight. This is on the same level as reported by others: 0.7 Bq/kg in cod caught in the Barents
Sea, 0.5 Bq/kg in cod caught in the Norwegian Sea, and 0.3 Bq/kg in cod caught in the North
Sea, all the samples collected in 1993-1994 (Sickel et.al., 1995), 0.2-3.0 Bq/kg in fish caught
in the Barents Sea in 1991-1993 (Mathisov, 1994), 0.4- 2.2 Bq/kg in fish caught in the Barents
Sea in 1974 (Kilizhenko, 1992), and 0.5-3.6 Bq/kg in different fish species caught in the N.W.
Atlantic Ocean in 1969-1972 (Pertsov, 1978).

Conclusions:
So far, all the analysed samples of fish, shrimps and scallops from the coastal waters of
Northern Norway and from the Barents Sea, had very low levels of radiocaesium. Compared
to the intervention levels for foodstuffs, the levels found in marine fish from this fishing areas
were negligible.

Based on the measurements with HP Ge detector, it was not distinct difference between the
examined species regarding the levels of Cs-137 in muscle tissue. The lowest levels were found
in shrimps. Nor was it found any significant change of activity in cod muscle during the 16
months of regular collection and measuring or any difference in activity between the different
catchment locations.

The monitoring programme will continue. Because of the low levels of radioactive caesium,
more measurements will be done using Hp Ge-detectors and less measurements using Nal
scintillation detectors in the ongoing programme. This will better enable us to detect any minor
changes in the levels of radioactivity, and to measure individual variations of radioactivity
within samples.

Nal scintillation detectors are convenient and relatively fast to use, and are also satisfactory
regarding the monitoring of radioactivity caused by any nuclear accidents. Therefor regular
measurements using Nal detectors will continue in the monitoring programme.
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Table 1. Measured levels of Cs-137 (Bq/kg wet weight) in samples of different fish species, shrimps
and scallops using HP Ge-deteaor. The samples were collected in the coastal waters of Northem
Norway and in the Barents Sea during the autumn of 1993 and throughout 1994. Each sample consisted
of 25 or more individuals. The uncertainty at the measured levels was about 10% .

Species No.of Activity,Cs-137 (Bq/kg)
samples Mean Max. Min.

1 Cod (Gadus morhua)
2 Haddock (Meanogrammus aegleftnus)

3 Saithe {Pollachius virens)
4 Herring {Clupea harengus)
5 Farmed salmon (Salmo salar)
6 Shrimp (Pandalus borealis)
7 Redfish (Sebastes marinus)
8 Scallop (Chlamys islandica)
9 Spotted wolf-fish (Anarhichas minor)
10 Greenland halibut (Reinhardtius hippoglossoides)
11 Plaice (Pleuronectes platessa)

24
7
6
3
6
7
2
1
1
1
1

0.5
0.3
0.4
0.4
0.8
0.2
0.6

-
-

1.1
0.7
0.7
0.6
1.2
0.4
0.7

-

0.5
0.7
0.7

0.3
<0.05
0.3
0.2
0.4
0.1
0.4

-
-
-
_
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Figure 1. Approximate catchment locations for the samples of fish, shrimps and scallops. The numbers
represent species in accordance with table 1. Some of the numbers represent more than one collection.
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400000

Species

Figure 2. Quantities of the sampled species caught or slaughtered north of the Arctic Circle in 1994.
The numbers are given by the Norwegian Raw Fish Organisation (tons of round fish), the Norwegian
Fishermen's Sales Organisation for Pelagic Fish (tons of hening for human consumption), and the
Norwegian Fish Fanners Association (tons of gutted salmon).

226



NO9700044

PLUTONIUM IN FISH, ALGAE, AND SEDIMENTS IN THE BARENTS,
PETSHORA, AND KARA SEA

T. K. Dcaheimonen, K. Rissanen, *D. G. Matishov and *G. G. Matishov
Finnish Centre for Radiation and Nuclear Safety, Finland
"Murmansk Marine Biological Institute, Russia

INTRODUCTION

This work contributes to the joint research programme between the Finnish Centre for Radiation and Nuclear
Safety (STUK) and the Murmansk Marine Biological Institute (MMBI) in the Arctic. Attention has been
focussed to measuring amounts and locating possible sources of artificial radionuclides in the Russian Arctic
Sea area. Sediments, algae, bottom fauna and fish samples were collected by experts from STUK and MMBI
during several scientific expeditions organized by MMBI in 1993 and 1994W. The first results on plutonium
concentrations in fish, algae and sediment samples analysed by STUK are presented in this paper.

MATERIALS AND METHODS

Commercial fish species: arctic cod, haddock, seithe, seacat, plaice, flounder, halibut, redfish, and also ray were
collected by trawling on the most common fishing areas of the Barents Sea in 1993 and 1994. 20 plutonium
analyses have been so far performed on fish flesh, bone, and liver samples. Flesh and bones were dried and
homogenized before analysing. Liver samples were analysed fresh.

Red and brown algae were collected at the shoreline or by diving at nine locations in the Barents, Petshora, and
White Sea (Fig. 1). One species of red and five of brown algae, twelve samples altogether, were analysed for
plutonium isotopes. Samples were dried (105 °Q and homogenized before analysing.

Figure 1. Sampling sites for alga samples.

Sediment sampling was carried out using a Russian ocean crab, van Veen crab or a box corer. Top layer of
sediment was collected from the crab with a spoon. Box corer allowed a more quantitative sampling. The
samples were sliced with a large spatula. Surface sediment samples from 21 sites in the Barents Sea, surface
and deeper sediment layers from nine sites in the Petshora Sea and seven sites in the Kara Sea were analysed
for plutonium (Fig. 2.). Sediment samples were dried at 105 °C and homogenized before analysing.
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Figure 2. Sampling sites for sediment samples.

and 239'240Pu was analysed with a method used in STUK3. Internal M2Pu tracer was used. After wet ashing
and acid leaching (350 °C) of samples, plutonium isotopes were separated by means of anion exchange.
Plutonium was electrodeposited onto a stainless steel disc. Alpha activity was measured with a semiconductor
detector - multichannel analyser equipment. For quality assurance the analysis series also contained
environmental reference samples of IAEA and reagent blancos.

RESULTS AND DISCUSSION

Fish
239-24OPu concentrations in the flesh of commercial fish species, arctic cod (Gadus callaris). haddock (Gadus
aeglofinus). seacat (Anarhichas lupus), saithe (Gadus virens). and redfish (Sebastes marinus) were all below
detection limits, 0.6 - 2 mBq/kg fresh weight. The flesh of ray (Raja radiatd). not consumed by man, contained
slightly more plutonium, 7.9 mBq/kg f.w. This is probably due to the living habits of ray different from other
fish species analysed. It lives near the bottom, and feeds mostly on bottom animals and also bottom deposits.
All 238Pu concentrations of fish flesh were below detection limits (0.6 - 2 mBq/kg f.w.).

In other organs of fish, small amounts of " ' - ^ u were detected only in three samples: bones of ray
(4.9 mBq/kg f.w.), bones of cod head (43 mBq/kg f.w.), and liver of haddock (17 mBq/kg f.w.). Plutonium
concentrations in all other bone samples (cod, haddock, seacat, plaice) and liver of cod were below detection
limits.
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All the observed plutonium contents in the fish of the Russian Arctic Sea areas investigated are at the same
level as in earlier studies of fish and sea animals in the North Atlantic Ocean and Arctic Sea areas and do not
show any exceptional concentrations of plutonium in fish in the Russian arctic area studied4-5-6.

Algae
Results for plutonium concentrations in alga samples are presented in Table I. All the concentrations were low,
but some differences were found between different species and also between sampling sites of the same species.
Red alga (Ptilota plumosd) from the east shore of Ostrov Kolguyev island contained 0.28 Bq/kg (d.w.) of
239-24OPu. Also "Co was detected in this sample2. In Fucus vesiculosus 239-240Pu concentrations varied from 0.035
to 0.23 Bq/kg d.w. In other brown alga species concentrations varied from 0.020 to 0.12 Bq/kg d.w. Differences
of this order in plutonium concentrations are typical for alga samples taken at separate sites. All ^ P u
concentrations were below the detection limit, 0.01 Bg/kg d.w.

In comparison to other studies in the Arctic waters and also to the Baltic Sea area the plutonium concentration
in algae were at the same average level and did not show any source of excess plutonium in the area
studied5-7-8-'.

Sediments
^'Pu and 239-24°Pu concentrations analysed in the Barents Sea surface sediments are presented in Table II. ""Pu
concentrations varied from below detection limit to 0.14, and those of 2M'240Pu from 0.5 to 3.2 Bq/kg d.w.
Plutonium concentration ratios (238Pu/23'-2<0Pu) ranged from 0.023 to 0.049, except for one sample (20a), where
it was 0.082. Large uncertainty in measurements of ^'Pu near its detection limit can affect the ratio.

In the Petshora Sea area the " ' -^Pu concentrations in the uppermost sediment layers varied from 0.27 to 4.3
Bq/kg d.w. (Table III). Among these, the highest amounts of plutonium were found at the sampling sites (7 and
8) south of Novaya Zemlya. The ""Pu/239-24^ activity ratio varied from 0.028 to 0.066.

At some locations in the Kara Sea the sediment was softer and it was possible to sample also deeper layers,
which allowed determination of vertical distribution and total amounts of plutonium in these cores. Plutonium
concentrations varied from site to site and in one core also from depth to depth (Table IV). Highest
concentrations of 239-240Pu and that of ^Pu , were found at a coastal sampling site (1) near the Ostrov Vaygach
island. There also the greatest total amounts of 23'-240Pu and ^ P u were observed. The ^'Pu/^'-^Pu activity
ratios varied from 0.027 to 0.046.

Sediment samples collected at the outlet of the Ob river (6) and the Yenisey river (13) did not show any
exceptional plutonium concentrations.

In all the sea areas studied, ^Pu/ 2 3 ' - 2 4 ^ isotopic ratios suggested a global fallout origin. Generally these
plutonium results are in good agreement with other monitoring results in the same areas4-'-10. Although
plutonium concentrations were slightly higher in the area near the Kara gate, it is not possible to draw any
conclusion from these results of possible plutonium sources in the researched area. In the Barents Sea area, the
variation was also of the same order of magnitude. In the Baltic Sea area this kind of variation was found both
before and after the Chernobyl accident11-12. It is well known that many factors affect the radionuclide
concentrations, e.g. topography of the bottom in the entire sea area and especially in the vicinity of the
sampling site, type of sediment (soft or hard bottom), sedimentation rate, effects of river transport, mixing and
transport of the paniculate matter by wave action and bottom currents. The type of bottom only, can affect the
radioactivity concentration of sediment with a factor of 10 - 201J. Therefore more information is needed of the
local variability of these factors.

The sampling locations of this study represent only the open sea areas with a free access; prohibited military
areas of the North-west Russia with potential pollution sources are not included.
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Table I. 23tPu and 239-24OPu concentrations in red and brown algae in the Barents, Petshora and White Sea (for
sampling sites see Fig 1).

Sample

Ptilota plumosa

Laminaria saccharina

Laminaria saccharina

Laminaria saccharina

Fucus vesiculosus

Fucus vesiculosus

Fucus vesiculosus

Fucus vesiculosus

Fucus sp.

Fucus sp.

Laminaria sp.

Chorda filum

Sea area
Sampling site

Barents Sea (5)
Kolguyev

Barents Sea (2)
Seven Islands

Barents Sea (4)
Kanin peninsula

White sea (8)
Chupa

Barents Sea (1)
Dalnye Zelentsy

Barents Sea (2)
Seven Islands

White Sea (9)
Solovetsk

Barents Sea (3)
Ostrov Nokuyav

Petshora Sea (7)
Vaygach

Petshora Sea (6)
Novaya Zemlya

Petshora Sea (6)
Novaya Zemlya

Barents Sea (3)
Ostrov Nokuyav

Date

18.7.1994

12.7.1993

21.7.1994

23.7.1994

11.7.1993

12.7.1993

26.7.1994

1.8.1994

20.7.1993

23.7.1993

23.7.1993

1.8.1994

Bq kg"1 dry weight (± 16%)

^ P u

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

< 0.01

mwopy

0.28 (6)

0.057 (11)

0.029 (17)

0.039 (25)

0.076 (11)

0.11 (11)

0.035 (25)

0.23 (10)

0.041 (25)

0.12(12)

0.042 (20)

0.020 (25)
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Table II. ^Pu and
Fig. 2).

Sampling site

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20a.

21.

22.

"'•wpu concentrations in sediments of the Barents Sea in 1993

Sample depth
cm

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

- 0 - 2

Date

10.6.

11.6.

11.6.

12.6.

12.6.

12.6.

13.6.

13.6.

14.6.

15.6.

15.6.

16.6.

16.6.

17.6.

18.6.

20.6.

23.6.

24.6.

24.6.

26.6.

26.6.

(for sampling sites see

Bq kg"1 dry weight (+ 16%)

™Pu

0.037 (16)

0.062 (16)

0.074 (11)

0.050 (13)

0.073 (14)

0.021 (31)

0.053 (17)

0.025 (30)

0.059 (13)

0.033 (23)

0.095 (17)

0.14 (14)

0.11 (11)

0.076 (9)

<0.02

0.047 (16)

0.049 (25)

0.052 (17)

0.078 (23)

<0.03

<0.02

0.63 (4)

1.7 (4)

2.0 (3)

1.2 (3)

1.9 (3)

0.87 (5)

1.6 (4)

1.1(6)

1.6 (3)

0.88(5)

1.9(5)

3.2 (4)

2.4 (3)

1.6 (3)

0-59(5)

1.0 (4)

0.94 (6)

1.1 (4)

0.95 (6)

0.50 (9)

0.55 (9)

Table III. 23iPu and m240Pu concentrations in sediments of the Petshora Sea in 1993 (for sampling sites see
Fig. 2).

Sampling site

1.

2.

7.

8.

15.

17.

20.

32.

33.

Sample depth
an

0 - 2

0 - 2

0 - 2
2 - 4

0 - 2
2 - 4

0 - 2
2 - 4

0 - 3

0 - 2

0 - 3

0 - 2

Date

14.7.

15.7.

16.7.

16.7.

18.7.

19.7.

19.7.

25.7.

25.7.

Bq kg"1 d.w. (+ 16%)

<0.03

0.049 (25)

0.13 (15)
0.13 (10)

0.17 (10)
0.062 (15)

0.037 (20)
0.057 (12)

<0.02

<0.04

< 0.02

0.053 (24)

0.40 (10)

1.1(5)

4.3(5)
3-7 (4)

2.6 (5)
1.5 (3)

13(5)
1.3 (3)

0.65 (5)

0.36 (8)

0.27 (10)

1.0 (6)
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Table TV. ^'Pu and Z39-2*°pu concentrations in the sediments of the Kara Sea in 1993 (for sampling sites see

Fig. 2).

Sampling site

1.

6.

7.

9.

10.

11.

13.

Sample depth
cm

0 - 3
3 - 5
5 - 1 0

0 - 1 0

0 - 2
2 - 4
4 - 6
6 - 8

0 - 8

0 - 2
2 - 4

0 - 2
2 - 4
4 - 6
6 - 8

0 - 8

0 - 2

0 - 2

0 - 2
2 - 5
5 - 8
8 - 1 1
11 - 14
14-17

0-17

Date

12.9.

total BqnT2

15.9.

total Bqm~:

15.9.

16.9.

total Bqm~z

16.9.

17.9.

18.9.

total BqnT2

Bq kg"1 d.w. (± 16%)

0.10 (10)
0.10(12)
0.11 (12)

3.7

0.020 (20)
<0.02
<0.02

0.028 (35)

-

<0.02
<0.02

0.034 (20)
0.030 (26)
0.047 (18)
0.048 (18)

1.3

<0.02

<0.02

0.026 (20)
0.029 (20)
0.042 (18)
0.040 (18)
0.041 (20)
0.032 (20)

2.5

2.2 (4)
2.4 (4)
3.3 (4)

100

0.51 (5)
0.46 (7)
0.66 (5)
0.88 (6)

24

0.55(7)
0.46 (7)

1.1 (5)
1.1 (5)
1.2 (4)
1.2 (4)

37

0.18 (8)

0.30 (7)

0.74 (8)
0.65 (7)
1.1 (5)
1.1 (5)
1.2(5)

0.72 (6)

67
asloteUkj
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Peculiarities of radionuclides' accumulation in benthic
organisms and fish of the Barents and Kara Seas.

D.G.Matishov*, G.G.Matishov*, K.RissanerT*

Murmansk Marine Biological Institute Russian Academy of Science Murmansk, Russia
**Finnish Centre for Radiation and Nuclear Safety Rovaniemi, Finland

INTRODUCTION

Murmansk Marine Biological Institute , together with the Finnish Centre for Radiation and
Nuclear Safety, have conducted a joint work in the Arctic since 1992. This co-operation has
mainly focused on environmental radioactivity and covered Barents, Pechora, Kara, Laptev
and White Sea areas. The sampling location of benthic fauna and fish is described in Fig. 1.

Figure 1. Sampling station for fish and sediment
© - bottom sediment and benthos station
+ - fish station
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SAMPLING AND MEASUREMENTS

The sampling and measurement methods of these work will be presented in an other
conference paper (Rissanen K, etal.,1995).

RESULTS

Benthic fauna
Bottom organisms take an important place in marine ecosystems of the Western Arctic shelf.
They are the main food source for commercial fish and some birds. A species composition of
zoobenthos among fauna of the Barents Sea shelf is the widest. We have determined the level
of gammanuclides in typical zoobenthos species collected in 1991-1994 (Matishov et al., 1994).
As a result of the gammaspectrometric measurements of the samples a very low content of the
artificial radionuclid l ^ C s , usually below 1 Bq/kg dry weight, was determined. Concentrations
of the natural ^K- isotope were up to 500 Bq/kg d.w.

Some peculiarities in 1-^Cs accumulation were found 1993 among the different species of the
Pechora Sea's benthic organisms. Only in one rather large worm Sipunculidae the concentration
was 5 Bq/kg dry weight, benthos samples collected in 1993 there were very low levels of
137Cs. In particular, Radiocaesium content in molluscs was as follows. Iceland scallop 0,3-0,8
Bq/kg, Macoma calcarea 1,4 Bq/kg, Liocyma flexuosa 0,3 Bq/kg. Radiocaesium content in
gastropods, decapods, amphipods, sea-cucumbers, polychaeta varied from 0,7 to 3,1 Bq/kg.

Similar values of isotopes are typical also for molluscs (Portlandia arctica ) of the Kara Sea.
Polychaeta (Spiochaetoperus) have a certain specificity in radionuclid accumulation. They have
the highest level of l ^ C s concentration from 6 to 17 Bq/kg in the tubes. An accumulation
level of artificial radionuclides in benthic animals in the West of the Kara Sea's shelf is very
low. Gammarids and brittle stars contain 137Cs from 0,7 to 2,0 Bq/kg and 6 0Co 0,4 - 1,3
Bq/kg (Foyn L. and Nikitin A., 1993).

In benthic organisms, for example, amphipods, decapods, gastropods, foraminifers, collected
in 1991-1992 on the mainland slope of the Western Barents Sea's outlying area ( where the

submarine "Komsomolets" was sunk), ^^Cs content was 1-10 Bq/kg. There was more
Radiocaesium (13-15 Bq/kg) in such organisms as Ampeliscidea. "^Sr accumulation in brittle
stars and in other kinds of benthos was very low - 0.01 - 0,34 Bq/kg (Kuznetsov Yu. V. et
al., 1993).

Sea fish
Sea fish is the most important group of the shelf ecosystem. During and after atmospheric tests
at Novaya Zemlya, research on the radioactivity level in haddock and cod caught in different
fishing areas of the Barents Sea were carried out (Saetre R., Foyn L , et al., 1992). The data
shows the rather fast reduction of fish radioactive contamination after 1963. The highest
values of total beta-activity (without 4^K activity) were on average 80 Bq/kg of raw fish . The
level of sea fish radio-contamination was reduced below 10 Bq/kg of raw weight by 1986
(Saetre R., Foyn L., et al., 1992).
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Gammaspectrometric results from 1979 to 1994 show that ^^Cs maximum values in cod

(Cadus morhua morhua(L)) were varying from 1 to 3 Bq/kg (Dubovaya T.,1993; this paper).

Fig.2 shows, that the content of 1-^Cs j n the Barents Sea cod has been low during last 15

years.

Cod, haddock, saithe, halibut, flounder and ray caught in the Barents Sea 1993 and 1994 was

analysed by Finnish Centre for Radiation and Nuclear Safety. l-^Cs concentrations were very
low, in average from 0.3 to 1.0 Bq/kg of raw mass, maximum content was not more than 1.4
Bq/kg.

In conclusion, the concentration of l-^Cs in benthic fauna and commercial fish and algae of

the Barents and Kara Seas is generally low and originates from the global fallout. The highest

levels of 137cs a r e determined in the animals inhabiting the silty bottom(Fig.3).

References:

Dubovaya T,1993. 1 3 7Cs concentration in the Barents Sea seafood. MMBI report: 2-20.

Foyn L., A. Nikitin 1993. The joint norwejian - russian expedition to the dumpsites for
radioactive waste in the open Kara Sea, the Tsivolki fjord and Stepovogo fjord. September-

October 1993. In: Report from the expedition on board R/V "V. Buinitskij", with same
preliminary results.

Kuznetsov Yu. V., N.A. Nosov, V.K. Legin, 1993. Dumping of radio-active wastes into the sea
environment: scientific and practical aspects. Intemnational Conference on Environmental
Radioactivity in the Arctic and Antarctic, Osteras, 1993.

Matishov G., D. Matishov, J. Szczypa, K. Rissanen,1994. Radionuclides in the ecosystem of the
Barents and Kara Seas region. Apatity,1994.

Rissanen K., D.G. Matishov, G.G. Matishov, 1995. Radioactivity levels in Barents, Petchora,
Kara, Laptev and White Sea. International conference on environmental radioactivity in the
Arctic. Oslo, 1995.

Saetre R., L. Foyn, I. Klungsoyr, H. Loeng, 1992. The Barents Sea Ecosystem. In: Man and the
Barents Sea Ecosystem Groningen, 1992.

237



NO9700046

RECONSTRUCTION AND PREDICTION OF RADIOACTIVE CONTAMINATION
OF THE ECOSYSTEMS OF THE ARCTIC SEAS

Ivan I. Kryshev

Institute of Experimental Meteorology, SPA "TYPHOON",
Obninsk, Kaluga Region, 249020 Russia

An analysis of the radionuclide content in components of
the marine ecosystem was performed on the basis of observational
data . The site-specific factors of radionuclide accumulation in
marine biota and sediments were calculated for 90Sr and 137Cs, see
Table 1.

The following can be concluded from the comparison of site-
specific accumulation factors with the world averaged data,
presented in the IAEA Publication N.247 ( Sediment Kd and
Concentration Factors...,1985) :

- 90Sr concentration factors in algae and zooplankton of the
Arctic Seas are roughly the same as world averaged values,
however, for fish they are much higher the average values and
are mostly as high as the upper estimates of 90Sr concentration
factors presented in the IAEA Publication N.247;
- 137Cs concentration factors in algae and zooplankton of the

Arctic Seas are practically equal to the generalized world data,
however, they are twice as high as world-averaged values for
fish, yet not going beyond the range of uncertainty for world-
averaged data.

The internal and external doses for aquatic organisms were
assessed on the basis of experimental and calculated data on the
content of radionuclides in components of the marine ecosystem,
with allowance made for geometrical characteristics of the
organisms and radiation sources by the methods presented in
(Effects..., 1976; Kryshev & Sazykina, 1986). The following
groups of organisms were considered: phytoplankton, zooplankton,
invertebrates, macroalgae, fish and waterfowl.

In calculations of the exposure dose rate to biota the
organisms were approximated using simplified geometric models. In
all cases radionuclides were assumed to be distributed uniformly
throughout the organism. The estimated exposure doses for
organisms of the Kara and Barents Seas obtained on the basis of
observational data and model calculations of the content of 137Cs
and 90Sr in components of the marine ecosystem in the period
1961-1993 are presented in Table 2. It is seen from Table 2 that
for all groups of marine organisms the additional exposure doses
are considerably lower than the natural background radiation. The
highest dose rates of internal technogenic irradiation are
typically for fish (up to 24 and 40 nGy/day for the Barents and
Kara Seas, respectively), which is more than ten times lower than
the natural background radiation. The dose rates of external
exposure of benthos to artificial radionuclides are about 90-590
nGy/day, which is lower than the respective component of the
background radiation. Two maxima are observed in the time
dependence of the dose rate. The first maximum is associated with
nuclear weapon tests in the early 1960s, whereas the second one
appears to be related to radionuclide intakes with sea currents
due to waste discharges from radiochemical plants into the Irish
Sea (Vakulovsky et al., 1985, 1993; Kryshev & Sazykina, 1993). On
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the whole, it may be concluded that on average, technogenic
exposure doses to aguatic organisms in the Arctic seas are
relatively low and do not exceed 0.1% of the natural background
radiation for plankton, and 10% for benthos and fish.

Assessments were made of exposure doses for the human
population linked to the marine environment by seafood
consumption pathways.

The dose rate dynamics were analysed for two regimes of
fish flesh consumption from the Barents Sea: 3 0 and 22 0
kg/year. The former value characterizes the average consumption
of fish flesh in the regions of Russia adjacent to the Barents
sea, and the latter represents the consumption of fish by
fishermen who can be considered as a hypothetical critical group
of population. Two maxima are observed in the dose rate dynamics:
in the periods 1961-1965 (3.5 /iSv a"1 for average consumers and
24 /iSv a"1 for fishermen) and 1981-1985 (1.7 pSv a"1 for average
consumers and 12 jiSv a"1 for fishermen) . In this case, even for
the critical group neither "ecological" criteria (based on the
comparison with the natural background radiation) nor health
norms (regulated by the radiation safety standards) are exceeded.
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TABLE 1
Estimated radionuclide accumulation factors in the
ecosystem components of the Arctic seas

Ecosystem
component

137 Cs 90 Sr

Algae
Zooplankton
Molluscs*
Crustaceans*
Benthos
Fish
Waterfowl**
Sediments
(coastal)
Sediments
(deep-water)

50±30
30±20
30±20
30±20
30±20
200190
60±40

300011000

2000+1000

512
211
1014
211
1014
1016

80140

1000+500

2001100

The observational data used in this Table are taken from
(Vakulovsky et al., 1985, 1993; A survey... 1993, Radioactive
contamination..., 1994)
* - concentration factors for molluscs and crustaceans are

taken from IAEA Publication No.247 (Sediment Kds..., 1985);
- concentration factor for 90Sr is taken from NRCC

Publication No.19250 (Radioactivity..., 1982).

TABLE 2

Estimated exposure dose rate for biota of the Arctic seas
(1961-1993), 10~9 Gy day"1

Ecosystem
component

Phytoplankton
D=2 0 jam
D=50 /xm
Zooplankton
D=0.2 mm
L=5 mm,D=2 mm
Crustaceans
G=25 cm
Molluscs
G=10 cm
Macroalgae
Fish
small,G=20 cm
large,G=l00 cm
Waterfowl

From water
From sediments

Barents Sea

Internal

0.016-0.082
0.04-0.21

0.07-0.49
0.4-2.4
0.5-3.0

1.2-5.2

1.3-6.0

8-16
11-24
8-30

External
0.23-0.52
90-350

Kara Sea

exposure

0.026-0.13
0.065-0.32

0.09-0.81
0.5-3.9
0.6-5.0

1.7-8.9

2.0-10.0

10-27
16-40
9-41

exposure
0.30-0.90
110-590

Natural
background
radiation*

500-1800

600-3800

1900-5100

1800-3600

1400-3400
600-1000

500-1500

24-96
700-8900

Notes. L-length, D-diameter, G-
Natural background radiation

Kryshev & Sazykina, 1993)

•geometrical factor.
is taken from (Effects...,1976;
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Kola Fiord sediment Radioactive Contamination in the vicinity
of nuclear ice breakers fleet base.

(Murmansk Department for Hydrometeorology and Monitoring of Environment)

ky Alexey Nam jatov

Civil and military ships with nuclear power installations are based in the coastal waters of the
Kola bay for more than 30 years. First submarine with nuclear engines appeared in 1958 , and the
first ice-breaker with nuclear engine "Lenin" appeared in 1959. The main purpose of this work - to
estimate effect of a discarding artificial radionuclides on ecosystem of this region, i.e.* to estimate
concentrations (stipulated discards) in the elements of ecosietem - in the water, sediments,
phitoplanktciu zooplankton, fish, seaweeds, molluscs, as well as to calculate individual and
collective doses ae a result of the discards from the only enterprise "ATOMFLOT" where the civil
nuclear ice-breakers are basing. *

All types of radioactive waste are generated at the territories of this base:
used radioactive assemblies;
gas radioactive waste;
liquid radioactive waste;
solid radioactive waste.

Liquid radioactive waste are mostly generated during me following operations :
-at hydrooverioading of the ionexchange rasins;
-replacement of first circuit activity filter,
-dfsactivation of the controlled zones after reactor reloading. At the ship-repairing plants and
on the bases liquid radioactive waste are formed at the disactivation of the nuclear engines.
tools, parts, reloading equipment, etc. during the reactor reloading.
Radioactive composition of the liquid radioactive waste consists of;

as far as corrosion products are concerned - S4Mnt
 scCo;

as far as fisaion products are concerned -^Sr^Cs^^Ce.
scCo and U7Cs are determinants each in its own group. In general during one active group
exploitation (about 4 ysarsj.total the activity from the liquid radioactive waste may constitute
0 .1 -7 Ci. But in average during a year activity is 0.3 Ci. Thus, liquid radioactive waste,
forming during nuclear ice-breakers exploitation are regarded as low active.

Up to 1986 liquid radioactive waste were transported to the Barents sea and discarded to the
specially allotted polygons.

Now (since 1989) liquid radioactive waste are purificated and poured to the Kola bay just on the
enterprise territory. Technological scheme of purification of liquid radioactive waste
consists of the following aspects:

electric chemical coagulation;
mechanical filtration;
ionchangeable cleaning with the application of selective sorbents on non-organic basis;
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two-staged dialysis.
The three stages allow to cany out liquid radioactive waste separation from radionucleids.

Separation from the chemical admixtures is carried out with membranous filters. But none of die
existing now methods which are applying during liquid radioactive waste purification allowj»4e
clear them from tritium, specific activity of tritium in waters of the first circuit nuclear engine is
about 0.01 Ci/1. After the purification of liquid radioactive waste discard with the radioactive
security standards is made to the service collector, where the first dilution of liquid
radioactive waste takes place.

Liquid radioactive waste during exploitation of one active zone are not uniformly produced
Thus, minimal amount of liquid radioactive waste during a year is about 13 m3, maximal amount
which fells on the time of reactor recharging is aboutf0 m3 .

Water after purification may to have next nuclidea: lS7CsJJ*Cs, *°Sr, 5*M«. *°Co. ^'Jo, H4Ce.
12-'Sb, "Zr, " M \ lceRa, i03Ru, ls*Bu, 152Bu. Radionucleids composition of the water after
purification which are discarded to the Kola bay is also not stable. For instance, ratio
•37Cs?°Sr may to change from 11.0 to 1.0 .

The value of (he radioactive discards constitute fee value of one order with atmospheric
fallouts (for 1S7Cs and 90Er) in the whole area of the Kola Bay.

In 1994 Murmansk Department for Hydrometeorology and Monitoring of Environment there have
been carried out works concerning studies of the bottom sediments contamination on the
territory of the civil enterprise "ATOMFLOT".

Mainly the collection of samples was carried out on board the ship "Victor Buinitsky" belonging
to the Murmansk Department for Hydrometeorology and Monitoring of Environment Collection
samples was carried out in the centres of squares 100 x 100 m dimension. Besides, 7
samples were collected from the moorings of the Repairing-Transport Enterprise
"ATOMFLOT1. All samples were gamma-spectrometrical analysed md^9""10^ were determined
in 8 samples.

Background stations were carried out to the south of the Enterprise "ATOMFLOT'. Such a choice
was determined by two reasons:

- to the North of the Enterprise "ATOMFLOT' in the Kola bay more bases of nuclear
submarines are situated, they also can influence the Kola bay area;

- in the surface layer where water discards take place after liquid radioactive waste
purification summary current is directed from the South to the Norm, thus, possible influence of
the Enterprise "ATOMFLOT1 itself or some other objects should be much less.

Minimum value of '"Cs was about 2 Bq/kg of dry weight, and maximal value was 43.0 Bq/ka of
dry weight Average value in the investigation area 17.9 Bq/kg dw. Though in the li7Cs
distribution a certain regularity should be traced-maximum values were observed most often
along the moorage line. U7Cs concentration on !he "background" stations in the surface layer
were 39.4 Bq/kg dw. and 14.0 Bq/kg dw.
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60Co was determined only in 8 samples out of 84 samples collected Average value in the
investigation area 0.8 Bq/kg dw. In one of the samples "Co concentration was determined on
the level of minimum-detecting value, in other samples S0Co concentration range was 3.0-27.0
Bq/kg dw. As for the value of the i37Cs!eoCG ratio concentration its value in the area was 0.7-
11.1.

i54Eu was detected in 11 samples out of 84 collected samples, in 7 samples - lS4Eu
concentration were either on the level or less than minimum detectable concentration. In other
samples range of1'S4Eu contents change varied between 3.0-123Bq/kg dw. Average value in the
investigation area 3.8Bq/kg dw. Ratio 137CsllS4Eu in the investigated samples was about
1.04-1.02. Only in samples with relatively high concentration oii54Eu mis ratio was 0.2 and 0.3 .

Out of 84 samples collected 13iEu was detected in 11. Out of these in 6 samples its contents was
on the level or lower than minimum detective value, maximum meaning was 55 Bq/kg dw.
Average value in the investigation area 1.0Bq/kg dw. Ratio 1S7CsliSiEu in the investigated
samples was about 2.1-3.1. Only in samples with relatively high concentrations of lS2Eu this
ratio was 0.4.

i39'i40PU contents was 0.53-1.00 Bq/kg d.w. Ratio concentrations m3*°Pul137Cs varied
from 0.019 to 0.100. In global fallouts this ratio value must be approximately 0.026 , In the 4
samples analysed mis ratio value corresponds to value of global fallouts. In other samples this
ratio was bigger.

The estimation effect were conducted by the balance method Kola Bay is geographically divided
geographically into three part- Southern, Average and Northern. Therefore, we have presented
Kola Bay like 3 volumes - appropriate to each part of the bay. The sach volume is presented like
truncated pyramid and the size of a pyramid is approximate to the appropriate morfometrics
characteristics. Discards from RTP "ATOMFLOT" are made in Average part of bay. Accounts
include tidal exchange of a water between the Kola Bay and Barents sea and between parts of bay
and, also exchange by a water with river and compensatory flows. As a result of accounts, for each
part of Kola Bay, we have concentrations of radionuclides in elements of ecosistem and are
received individual doses by chain of water - fish - person stipulated discards RTP
"ATOMFLOT1.
The accounts are executed for two variants:

- at the average volume of a annual discard and average size of a concentration factors;
- at the maximum volume of annual discard and maximum size of a concentration factors.

As a result of accounts we have received the following value concentration of radionuclides
stipulated only by the discards of RTP "ATOMFLOT1:

1) In the water the additional concentration of radionuclides can make only 10"3 - 10"5 Bq/m3.

2) In the sediments at mean - annual discards the concentration of !44Ce can reach 0.8 Bq/kg dw.,
the concentration of eoCof

 l54Eut
 i51Eu, 9SZr can make 0.07, 0.2, 0.1 and 0.1 Bq/kg dw.

accordingly. At the maximum size of annual discards concentrations of iHCe can reach 9 Bq/kg
dw., andVoncentrations 6cCo, l54Eu, lS2Eu, 95Zr can make 0.7,1.8, 1.2
and 1.4 Bq/kg dw. During the reserch we have not found out 9SZr and l44C& because the period of
half-life of these nuclides is considerably small. When comparising of estimated and measured
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levels it is possible to see, mat measured level is a little bit It can be explained like that
investigation was near by the source of discard and did not cover whole area of the Average part
ofbay.

3) In fish, estimated concentration of radionuclides, stipulated only discards can make only 10": -
lO^Bq/kgw.w.

4) In molluscs - 10"2 - 10"8 Bq/kg w.w,

5) In seaweeds - 10"2 - 10" Bq/kg w.w.

6) In phitoplankton and zooplankton - lCr - 10"* Bq/kg w.w.

7) Estimated individual doses received by a person in trophical chain by water - fish - person,
stipulated by discard of RTP "ATOMFLOT" at average aize of annual discard and average size
concentration factors can make 1.7 - 4.1xlO10 Sv/year ( for different parts ofbay ). At maximum
size of annual discard and maximum aize of the concentration factors in the Average part of bay
individual doses can make 6.2 xlO ° Sv/ year, for other parts of the bay - about three times less.
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Mobility of radionuclides in Irish Sea sediments

H. FJELLDAL1, H. LIEN1, D.H. OUGHTON1 AND B. SALBU1

laboratory for Analytical Chemistry, Agricultural University of Norway, N-1432 Aas, Norway

Releases
The Sellafield (formerly Windscale) reprocessing plant, UK, is one of the major sources
contributing to fission products to the Arctic Seas. According to recent assessments a total of
41 PBq 137Cs and 6.2 PBq 90Sr has been discharged into the Irish Sea since the 1960ies .
(Kershaw and Baxter, 1993). The maximum releases occurred during 1974-1978 and maximum
concentration of Cs-isotopes and ^Sr were observed in the Barents and Kara Seas in the early
1980ies (Vakulovsky et al. 1993). The transit time from Sellafield to the Barents and Kara
Seas is thereby estimated to be 4-6 years for mobile radionuclide species. The discharges from
Sellafield have been significantly reduced since the 1980ies. However, the Cs-signal from
Sellafield was still recognized in the Kara Sea in 1992 (JRNC, 1993).

When effluents are mixed with sea waters, mixing zone chemistry occurs. Radionuclides
associated with particles, either present in the effluent or formed upon mixing, will settle in
sediments. Based on previous investigations radionuclides in the Sellafield effluent are, to a
certain extent, associated with particles and colloids (Salbu et al, 1992). Furthermore, sorption
of reactive radioactive species to sediment surfaces will take place. Thus, Irish Sea sediments
may act as sink for radionuclides in the Sellafield effluent. However, the fraction of effluent
radionuclides present in mobile forms (low molecular weight or colloidal species) is of
importance for further transport. When the releases from a point source are reduced, the
mobilization of radionuclides from previously contaminated sediments may become increasingly
important. Thus, contaminated Irish Sea sediments may act as a diffuse source contributing to
transfer of radionuclides to the water phase.

The objectives of the present work is to study mobilization of Cs-isotopes and ^Sr from
contaminated Irish Sea sediments (i.e. as a diffuse source) and to obtain kinetic information on
water-sediment interactions (i.e. sediments as a sink).

Samples and experiments
Due to a close collaboration with MAFF (Ministry of Agriculture, Fisheries and Food), UK,
LAK joined the December 1993 cruise to the Irish Sea on the research vessel "Cirolana".
Sampling of waters and sediments took place at the Sellafield effluent outlet and at the
sedimentation "mud patch" area. Additional samples were collected in December 1994 by
MAFF

Colloidal species in waters were fractionated by ultrafiltration using a trangential flow system.
For sediments, the analytical program included determination of the vertical distribution of
radionuclides as well as mobility studies using sequential extraction and sorption-desorption
kinetic tracer experiments. Cs-isotopes were determined by gamma spectrometry. After
radiochemical separation of ^Sr/^Y, ^Sr was determined by low-level scintillation counting
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Distribution of radionuclides
The concentrations of radionuclides in waters and sediments were highest close to the Sellafield
effluent outlet The concentrations in surface water (203 ± 5 Bq/m3 for I37 Cs, 13 ± 2 Bq/m3 for
90Sr) were somewhat higher than in near bottom waters. About 30 % of Cs-isotopes and 10 %
of 90Sr were associated with colloids (> 10 kDalton).

Similarly, the concentrations of radionulides in sediments were higher at the effluent outlet than
at the "mud patch". The highest concentrations of 137Cs and 90Sr observed at 10-20 cm depth
(Figs. 1 and 2) may reflect high deposition in sediments two decades ago. The U4Cs/137Cs
isotopic ratio decresed from 0.33 in the surface layer of the sediment, to 0.018 at 25 cm depth
(Fig 3). As 134Cs is a shortlived radionuclide, (~ 2 years), recent contribution seems to be of
relevance The results may also reflect that processes influencing vertical migration take place
in the sediment
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Figure 1 Vertical distribution of 134Cs and 137Cs
in Irish Sea sediments collected close to the
Sellafield effluent outlet.

Figure 2. Vertical distribution of ̂ Sr in Irish
Sea sediments collectedclose to the Sellafield
effluent outlet in 1993 and 1994.
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Figure 3.134Cs/137Cs-ratio in the Irish Sea sediment collected close to the Sellafield effluent outlet 1993
and 1994

Mobility and interactions
Sequential extractions of sediments (Fig. 4) demonstrated that all of the b7Cs is strongly fixed
to inert sediment components, (dissolved in 7 M HN03). Thus transfer of 137Cs from
sediments to the water phase should not be attributed to reversible exchange processes, but
more likely to resuspension of particles. About 80-90 % of 90Sr in sediments collected close to
the effluent outlet is, however, mobile, i.e. present as easily exchangeable forms (Fig. 4). As

246



similar results (70 % mobility) are obtained for '"Sr in "mud patch" sediment the contaminated
Irish Sea sediments seem to represent a potential difiuse source for releasing '"Sr.
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Figure 4. Sequential extractions of ^Sr (A-C) and 137Cs (Fig. D) in Irish Sea sediments collected close
to the effluent outlet 1993 (UF1), at the "mud patch", 1993 (UF2) and close to the effluent outlet in 1994
(core A and B).

To obtain information on the interaction of radionuclides with sediments, model experiments
using labelled sea water (mCs*-ions, 85Sr+T-ions) added to Irish Sea sediments have been
performed at 4°C (Fig. 5). By withdrawing samples of water information on the distribution
coefficients, KD, is attained. Using sequential extraction, kinetic information of the interaction
of the tracers with mobile or inert sediment fraction is achieved (Oughton et al 1995).
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bound
k3 SEDIMENT

fixed

Figure 5. Model for the kinetic sediment-water interaction study using ionic tracers (l34Cs, 85Sr).
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The results demonstrate a rapid interaction of l34Cs+-ions with sediments (Fig. 6) while the
interaction of 85Sr+*-ions is extremely weak. Thus, Irish Sea sediment could act as sorbent for
ionic L*7 Cs-species in the Sellafield effluent, while ^Sr-ions should be considered mobile. The
high deposition of 90Sr in Irish Sea sediments may therefore reflect the presence of other 90Sr-
species than simple ions in the previous effluent. 134Cs+-ions in the sediment is initially rapidly
associated with mobile sediment fractions. With time, however, the ions are strongly fixed to
inert sediment fractions (7 M HNO3).
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100? water
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Figure 6. Interaction of l34CsT-ions with mobile and inert Irish Sea sediment fraction

CONCLUSIONS
The concentration of u7Cs and 90Sr in waters and sediment collected close to the Sellafield
effluent outlet is very high compared to other marine systems '^7Cs is strongly fixed to inert
sediment fractions, while 90Sr is mobile. The Irish Sea sediment may act as a sink for lj7Cs+-
ions released from Sellafield today. Irish Sea sediment represents also a potential diffuse source
for the release of'"Sr present as mobile exchangeable species to the water phase.
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DISTRIBUTION AND INVENTORIES OF Pu, Am, 210Pb AND 137Cs IN SEDIMENTS AROUND
SVALBARD

Per Roos, Elis Holm, Dan Josefsson; Radiation Physics Department, Lund University, Sweden.

Stefan Hulth and Per Hall; Analytical and Marine Chemistry, Chalmers, Gothenburg, Sweden.

INTRODUCTION

The area south and west of Svalbard is strongly influenced by relatively warm, nutrient rich water
originating in the Atlantic Ocean while cold polar water from the Arctic Ocean sets the environmental
conditions north and east of Svalbard. The sedimentary regimes may thus differ considerably between the
'ice-free' areas south and west and the areas north and east of Svalbard which are ice-covered during a
longer part of the year.

Arctic sediments in the Svalbard region were collected during the R/V Polarstern cruise, EPOS II, in 1991
from depths ranging from 170 m on the shelf to about 2500 m on the slope of the Nansen basin (fig. 1).
Sampling was performed by a multiple corer (core diameter 10 cm) or a large box corer.

The benthic oxygen flux from these sediments as well as pore water/solid phase distribution of C, N, P
and Si has been reported elsewhere (Hu94) and (Hu95).

• 17

«*

, ' . < • ' " > ' - •

Fig.l: Positions of sediment cores collected
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STATION

2

6

7

9

10

11

14

15

16

17

18

19

DEPTH

240

2010
326

550
2577

869

2490
1010
486

273

188

242

lat

(deg., min.)

76,36

79,0
79,10

80,8

83,31

81,23
81,39
81,34
80,44
78,40
76,36

76,0

long.

(deg., min.)

34,52

05,55
10,45

09,51

16,42

17,24
29,57

31,10
29,29
32,09

34,49

34,51

Table 1: Depth and positions for the investigated stations.

After analysing sediments by gamma spectrometry for 137Cs, standard chemical procedures followed by
alpha spectrometry were used for determining 210Pb, a9+24OpUj ^ P u and 241Ara. Analysis for thorium
isotopes were also performed in order to determine the degree of diffusive mixing by using the 22STh/232Th
ratio.

Results and discussion:

Typical depth profiles of 210Pb, 137Cs and 239+24OPu from some of the sampled stations are shown in fig.
2-8. Inventories and ratios are listed in table 2. The depth penetration of the radionuclides are often
similar which most likely is an effect if sediment mixing. In most stations this is probably the most
important mechanism for transport in to the sediments. In very few cores any excess 228Th was detectable
indicating rapid mixing or a significant fraction of the sediments being 'old' sediments laterally
transported. Due to the mixing behaviour of most of the sediments, radionuclide ratios has been tabulated
(table 2) in spite of that inventories has not been calculated (due to all samples not being analysed).

From inventories and radionuclide ratios some different regions may be identified. Stations in the
relatively shallow central Barents sea (station 2, 18 and 19) all show high concentrations of 239+240Pu
(around 2.5 mBq/g) in top sediments while 238Pu/239+24OPu and '"Cs/^'^^Pu ratios are generally low (0.04
and 2-3 respectively). This might be due to preferential scavenging of Pu in this region. The influence of
Sellafield plutonium is rather low which also is seen from a 241Am/239+240Pu ratio of 0.4. The 'Barents
characteristics' is also seen on the shallow station 7 which shows exceptionally high integrated values of
"10Pb, iy7Cs, and 239*24OPu. This station is situated close to Svalbard which may give rise to a higher
radionuclide flux to the sediments, due to the core at this site being too short the inventories given may be
seriously underestimated.

Stations 6, 9,14,15 and 16 all show completely different radionuclide ratios with ^ P u p ^ ^ P u and
:37Cs/:a9*24OPu ratios of 0.055-0.065 and 10-13 respectively. From the Pu-ratios the Sellafield influence is
more clearly detected here than at the Barents stations. This is also seen in the 2AlAm/239*2MP\i ratio of
0.65-0.8 as compared to 0.4 on the Barents stations.

251



Bq/Kg
I 000

?'J0

3q/Kg

Pb-210 (EXCESS)
DEPTH PROFILES

P b - 2 1 0 CE»C

DEPTH PROFILES

2 3
mass-depth [g/cm2]

STATIONS STATION 7 STATION to

— A - ' o ••—•

Bq/Kg

3000

1 000

300

100

30

10

3

Cs-137
DEPTH PROFILES

1 2 3

mass-depth [g/cm2)

STATION 14 S M T I 0 N , 5 STATION 18 STATION 17

a — - - - 4 o — - » - •

Cs-137
DEPTH PROFILES

2 3

mass-depth [g/cm2]

STATIONS STATION 7 STATION 10

- • « i O - - , - •

mass-depth [g/cm2]

STATION 15 STATION 18 STATION 17

5q/Kg

Pu-239+240
DEPTH PROFILES

2 3

mass-depth [g/cm2]

STAT1ON10 S T A T ) O N 8 STAT1ON7 STATION10

b - - - ^ O — - * — •

Bq/Kg
2.5

PU-239+240
DEPTH PROFILES

' o

mass-depth [g/cm2J

STATION 15 STATION 10 STATION 17

---4 o — -*— -
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STATION

2
6

7

9

10

11

14

15

16
17

18

19

Vb,,
[kBq/m2]

4.8

9.5

42

22
6.4

28

22

10

16

2.4

5.7

4.6

137CS

fBq/m-']

220

c:a 450

300

120

c:a500
307

223

430

170
—

c:a200

- " • 2 4 0 P u

[Bq/m2]

18

c:all5

c:a30
—
—

24
—

33
—
—

•^Pu/^'Pu

0.04

0.065
0.04

0.055
0.07

0.03

0.067

0.065

0.06

0.035
0.04
0.04

. . .

0.40
—

—

—

0.65
—

0.79
—

0.40
. . .

2.2
12
3.7
10
18
8.7

12.8

9.0

13.0
18
3

2.6

fable 2. Inventories and ratios of the radionuclides analysed at the various stations.

Finally station 17 shows a complete lack of Sellafield plutonium, the ratio ^Pu/^ '^^Pu being only
0.033. This station also shows a high 137Cs/239t24OPu ratio of 18. Furthermore the 210Pb inventory is only 2.4
kBq/m". The generally lower inventories found east of Svalbard is likely an effect of the different
hydrography and ice-coverage as compared to west of Svalbard
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Attention focussed on the Barents-Kara Sea shelf with respect to radioactive contamination is
a result of several factors. Firstly, this area is a large submarine dumping ground for
radioactive waste; secondly, the Novaya Zemlya archipelago was one of the largest sites for
nuclear tests, which included submarine and atmospheric explosions; thirdly, a large number
of vessels and submarines with nuclear reactors and/or weapons on board operate in the
Barents and Kara Seas; and fourthly, this region is subjected to contamination brought from
European and Western Siberian industrial installations by North Atlantic currents and rivers,
particularly the Ob and Yenisey.

The Saint Anna Trough, in particular, is an important transit zone for the transport of
contaminants between the Barents and Kara Seas and the Arctic Ocean. In 1994 the
Association Sevmorgeologia performed a multidisciplinary investigation of Saint Anna
Trough and, partly, Franz Victoria Trough in the scale 1:1 000 000 (70 stations). This
included studies of suspended and bottom sediments, water, aerosols, and benthic biota, with
special emphasis on radioactivity assessment. Hydrology was studied by means of Neil
Brown CTD and 3.5 1 Niskinn bottles. Bottom sediments were recovered by gravity cores 3
or 5 m long and a box-corer with the area 35x35 cm. Benthic biota was collected by a 0.25
m2 grab and a small dredge.

On-board radioactivity studies included measurements of surficial, volumetric, or
specific activity by. 1) radiometer for total beta and gamma activity of liquid and loose dry
samples, and 2) radiometer-dosimeter for the density of alpha particle flow (95 cm counter,
0.03 I/min*cm2 with 50% error at P=0.95 within 1000 s exposition). Specific activities of
K-40, Sr-90, Cs-137 and Ra-226 were measured later in the stationary laboratory by beta-
gamma spectrometer BEGAS using two tracts with scintillatory detectors.

Radionuclide contents in bottom sediments (in Bq/kg) vary from 3.19 to 14.37 for
Cs-137, 14.6-32.3 for Th-232, 11.24-43.48 for Ra-226 and 380-680 for K-40. All these
concentrations do not exceed background levels for the Barents-Kara Sea region.
Amounts of Cs-137 consistently increase southwards, which suggests a possible flux of
human-made radionuclides from the Kara Sea.
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Radionuclear Analysis of St. Anna Trough Sediments
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Sevmorgeologia

Sediment box cores were collected at 21 different stations in the St. Anna trough from
the Russian ship Logachev during the summer of 1994. These were divided into sub-cores of
1 cm thickness down to a depth of 20 cm. These sub-cores were returned to NRL (U.S.
Naval Research Laboratory) for radionuclear analysis. They were analyzed with a low-
background high-resolution gamma ray detection system to look for indications of possible
radionuclear contamination being transported from the Kara Sea through the trough into the
central Arctic basin.

The NRL system consists of four high purity Ge detectors in individual lead caves.
These caves have a gamma ray background of less than 1 count per second. A high
resolution gamma ray spectrum of each sample was counted for 24 hours or longer to get a
highly sensitive measure of its radionuclear makeup. We were looking for both natural and
anthropogenic radionuclides such as 137Cs. Results will be presented as integrated column
burdens for measured isotopes at each station, as well as depth profiles at 1 cm intervals.
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INTRODUCTION

During the late 1940s and early 1950s, liquid radioactive waste was discharged from the
Mayak nuclear installation directly into the river Techa. This resulted in high levels of
radionuclides in downstream waters, sediments and floodland soils. By 1956, reduction in
waste releases and the implementation of hydrological measures (i.e., damming the upper
reaches of the river system) had led to a significant decrease of radionuclide activity
concentrations in Techa river waters. Today, the radionuclide activity levels in the Techa-Iset-
Tobol-Irtysh-Ob aquatic system largely reflects leaching from previously contaminated soils
and sediments, wherein sources of contamination include both Mayak and weapons' fallout.
(Akleyev and Lyubchansky, 1994; Romanov, 1995). Hence, the principal source of ^Sr to the
Techa is remobilization of earlier releases rather than discharges from ongoing operations at
the Mayak plant.

Damming the Techa river created a number of artificial reservoirs. The dam at reservoir 11
represents a final barrier between the contaminated sediments and waters of the reservoir
system at Mayak and the upper reaches of the Techa river (Fig. 1). Seepage water from the
reservoir and run-off from the reservoir bypass canals represent a relatively small fraction of
the total 90Sr input to the river Techa (Trapenznikov et al., 1993); the major source is from the
Asanov swamp area in the floodlands of the first 20-25 km of the upper Techa river (Akleyev
and Lyubchansky, 1994, Romanov, 1995). However, due to the high levels of 90Sr in reservoir
sediments and waters, there is a potential for release of radionuclides through either flooding
or dam rupture

As the edaphic environment represents the major source of radionuclides in the river Techa,
studies on the speciation of'"Sr and other radionuclides in soils will provide valuable
information regarding present and future fluxes. Data on the mobility of radionuclides from
sediment components is necessary in order to assess potential release scenarios. The degree
and rate of transfer from the edaphic to the aquatic system will be influenced by the physico-
chemical form of 90Sr, and the chemical properties of soils, sediments and infiltrating waters.
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Figure 1. Schematic representation of^Sr sources to the Techa River.

This work presents the results of extraction studies carried out on soils and sediments from the
Mayak area. Mobility of 9CSr was compared to that of 137Cs and Pu-isotopes. Results from
Mayak samples were compared with results from soils contaminated by Chernobyl fallout.
Like Mayak, the main source of 90Sr to aquatic systems in the Chernobyl area today is
contaminated soils and sediments.

MATERIALS AND METHODS

Extraction studies on Mayak samples were carried out on two sediment samples from
reservoir 11 (one from the centre and one from close to dam 11), and soil samples from the
Asanov swamp and from Muslyumovo about 50 km downstream from reservoir 11. All
samples were collected in June 1994. The Chernobyl soil samples were collected, in 1992,
from the 10 km zone around the Chernobyl reactor. Mayak water samples were filtered
through a 0.45 /um membrane. Soil and sediment samples were air dried prior to extraction.

In order to study radionuclide-soil/sediment interactions, samples were subject to sequential
extraction with: H2O; lMNH4Ac (soil pH); lMNH4Ac (pH 5); 0.04M NH2OH.HC1; 30%
H2O2; and 7M HNO3 (Oughton et ai, 1992). Samples were also extracted repeatedly with
water and NH4Ac in order to investigate the potential for long-term leaching of radionuclides
in soils and sediments. Whole samples and extracts were analysed for 137Cs using gamma
spectrometry and for wSr using chemical separation followed by Cerenkov counting or, for
water and NH4Ac, direct Cerenkov counting of extracts. Selected samples were also analysed
for stable Cs, Sr and other trace elements using neutron activation analysis (NAA). Pu-
isotopes in sequential extraction fractions were determined by alpha spectrometry.
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RESULTS AND DISCUSSION

Measured activity concentrations in soils, sediments and waters are given in Table 1, and
confirm the influence of the contaminated swamp on 90Sr levels in the Techa river. The '"Sr
concentration in canal water was more than a factor of 5 lower than swamp soil water; the 90Sr
level in reservoir 11 water was a factor of 10 higher than the swamp waters. At all sites, 90Sr
concentrations in waters were a factor of 10 to 100 higher than 137Cs.

Table 1. Activity concentrations in sediment, soil and water from Mayak and Chernobyl. Soil activity
concentrations refer to the upper 5 cm; sediment concentrations the upper 10 cm.

Site

Mayak Sediment
Reservoir 11-mid
Reservoir 11-dam
Channels

Mayak Soil
Asanov Swamp
Muslyumovo

Chernobyl Soil
Glubokva

Sediment/soil (Bq kg1)

137Cs

300 000
30 000

800 000
80 000

3 000 000

'"Sr

500 000
230 000

10 000
7 000

2 000 000

Water (Bq 1')

137Cs

1.5
2.0
0.2

3.0
0.6'

_

'"Sr

2000
2500
<50

250
8.5a

_

* Techa river water

In the original waste discharges, ^Sr and 137Cs levels were of the same order of magnitude
(Akleyev and Lyubchansky, 1994). Differences in '"Sr to 137Cs ratios in samples collected
today reflect the influence of variable interactions with soils and sediments. The ^Sn'^Cs ratio
in the swamp soil was about 1:80, and this undoubtedly reflects preferential binding of Cs over
Sr, and long-term leaching of ""Sr from the soils. Ratios in sediments varied considerably for
reservoir 11, although concentrations in waters were rather similar. (Table 1).

Results from sequential extraction studies on Mayak soils and sediments show that 90Sr was
present largely in an easily extractable form whereas 137Cs is strongly bound (Fig. 2). In both
soils, the majority of ^Sr was extractable with NH4Ac at pH 6 (soil pH = 5.8 in H2O). In the
more basic reservoir sediments (pH 7.9 in H2O), a relatively greater fraction was extractable
with NH4Ac at pH 5. This may reflect association of 90Sr with carbonate like or amorphous
fractions. Results suggest that, a pH decrease in the reservoir (i.e., acid rain or chemical
effluent) could lead to increased mobilization of 90Sr from sediments to water. One sediment
sample also indicated association with the oxidizable fraction, possibly due to '"Sr
incorporation in organic material, although the influence of other matrixes cannot be excluded.
Distribution of'"Sr between soil and sediment extracts was similar to that for stable strontium,
indicating that ^Sr had become largely equilibrated with the naturally occurring analogue. Pu-
isotopes were strongly bound to Asanov soils, 50% was found in H2O2 and 40% in HN03

fractions. Total 238Pu and 239/24Opu concentrations in Asanov soils were 90 and 2900 Bq kg"1,
respectively.
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Figure 2. Sequential extraction of Mayak soils and sediments (n=2). Residue was not analysed for '"Sr.

Repeated extraction with water and NH4Ac showed that "Sr levels in soils and sediments
could be gradually depleted over time. More than 90% of the '"Sr in soils and sediments was
removed after 10 NH4Ac extractions. The ion-exchangeable form of'"Sr (i.e., that extractable
with NH4Ac) equilibrates with infiltrating water, hence 90Sr in soils and sediments is expected
to represent a long-term, although decreasing, source of ^Sr to aquatic systems.
Contaminated soils and sediments will, of course, also act as a long-term source of 137Cs.
However, the fraction extracted with water is much less than for ^Sr, less than 5% was
removed after repeated extraction with NH4Ac. Thus, the ecological half-time for decrease of
137Cs activity levels in the soil-water system will be greater than for 90Sr. It follows that, for
137Cs, physical mobilisation of sediments and soils (i.e., resuspension) may be a more
significant transportation process in Techa aquatic systems than for '"Sr. Filtration of water
samples indicated that suspended sediments represented a greater fraction of total activity for
137Cs (10-50%) than for ^Sr (< 5%).

Studies on Chernobyl soils showed that less than 20% of ^Sr was extractable with NH4Ac, the
majority being extracted under oxidising conditions (i.e., H2O2 at pH 2). The distribution of
'"Sr in Chernobyl soils was not similar to that of the stable Sr analogue and ^Sr seems to be
incorporated in relatively insoluble irradiated uranium oxide fuel particles (Oughton et ah,
1992, Oughton and Salbu, 1994). Analysis of sequential extraction fractions for Pu-isotopes
also indicated relatively higher extraction into H2O2 (80%) for Chernobyl than for Mayak soils.
The Pu concentrations in Chernobyl soil were: 238Pu, 13000 Bq kg"1 and 239/24l)Pu, 26000 Bq
kg"1. Repeated extraction with water and NH4Ac showed that Chernobyl soils could also
represent a long term source of ^Sr to aquatic systems, although 60% remained in a relatively
inert fraction.

The difference observed between Chernobyl and Mayak soils can reflect variations in original
source term, time after deposition and soil-water-sediment characteristics. In Mayak, the
source term of ^Sr was waste from fuel reprocessing and, probably, readily soluble species.
More than 40 years have elapsed since the original discharges, hence radionuclides have had a
long time to equilibrate with components of the ecosystem. In areas close to the Chernobyl
reactor the majority of ^Sr contamination arose from deposition of fuel particles. Extraction
results show that, at least up to 6 years after deposition, incorporation in the uranium oxide
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matrix is still influencing the mobility of 90Sr and Pu-isotopes in Chernobyl soils. However,
comparison with stable Sr suggests that weathering of fuel particles could increase the
mobility of90Sr in the Chernobyl area (Oughton etal., 1992; Salbu etal, 1994).

CONCLUSIONS

The major source of 90Sr from Mayak to the Techa-Iset-Tobol-Irtysh-Ob river system is
leaching from the contaminated floodplain of the Upper Techa river. The Asanov swamp soils
will represent a long term source of 90Sr contamination to the river Techa, however levels are
expected to decrease with time. Due to strong binding to soils and sediments, 137Cs and Pu-
isotopes are, chemically, less mobile than 90Sr. Physical mobilization of soils and sediments will
be, relatively, more important for 137Cs and Pu than for 90Sr. Relatively high extractability of
Pu into the oxidizable fraction for Asanov soils indicates that Pu could be associated with
organic components. Because of high ^Sr activity levels in waters and sediments, reservoir 11
represents a potential source of contamination of the Techa river in the event of flooding or
dam rupture. The difference between the behaviour of ^Sr in Mayak and Chernobyl highlights
the need for site-specific and time-dependant studies in radionuclide speciation. Long-term
release scenarios and transfer to other parts of the ecosystem will be determined largely by
both the physico-chemical form of the source term and the kinetics of transformation
processes.
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INTRODUCTION
The Geological Surveys of Finland (GTK) and Norway (NGU) and the Central Kola Expedi-
tion (CKE) are carrying out a major collaborative regional geochemical mapping project in a
188,000 km2 area north of the Arctic Circle in these three countries (Fig. 1). The aims are (1)
to establish regional geochemical maps of the distribution of heavy metals and radionuclides
within the study area, (2) to build up a soil sample bank for use in future studies and (3) to
assess the environmental impact of the heavy metal industry and nuclear activity in this
ecologically vulnerable area.

During the summer of 1995, a variety of media, including moss, reindeer lichen, organic top-
soil (humus of maximum 3 cm thickness) and topsoil 0-5 cm were collected. These sample
media were selected as they are good indicators of the atmospheric deposition of elements in
the survey area. Complete podzol profiles were also sampled at all locations. The lower part
of soil pits (C-horizon) reflect the geological background and the B- and C-horizons will be
analysed for the same 30 elements as the moss and organic topsoil samples. A total of ~700
localities were sampled, giving a mean density of 1 sample per 300 km2. Due to heavy grazing
by reindeer in the Norwegian and Finnish parts of the study area and adverse climatic condi-
tions, reindeer lichen samples could not be taken at all the visited localities.

km,i I'm/cct l( Kl.. UIK. .\(.,l
Catchment Study 1994
Catchment locations

Figure 1. Location of the
sludy area for regional geo-
•chemical mapping (frame)
and of the eight catchments
discussed herein (No 1 - 8).
Ki: Kirkenes , N: Nikel
Z: Zapoljarniy, Mu: Mur-

joo mansk, M: Monchegorsk,
K: Kirovsk.

Figure 1. Study area
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RESULTS AND DISCUSSION

Pilot project 1992
As a preparation for this mapping project, a pilot study was carried out in the area of the
nickel mining, roasting and smelting activity near Nikel and Zapoljarniy, close to the
Norwegian and Finnish borders (Fig. 1). A variety of sample media were collected including
snow, stream water, terrestrial moss, A0-horizon-soil, C-horizon-soils, stream sediment and
overbank sediment. The samples were collected from 15 sampling stations within each of the
three countries.

The 134Cs and Cs content of the uppermost 5 cm of the topsoil was determined during this
pilot project. The results showed a high local variability. Representative sampling of topsoils
in the regional project thus require rather large composite samples. The maximum observed
level for I37Cs was 2.6 kBq/m and there were no indications of pollution by contemporary
sources.

Catchment studies 1994
A detailed study of eight small catchments situated at different distances from major industrial
centres within the project area was carried out as part of the main project during 1994 (Fig. 1).
The objective of this study was to better understand the processes occurring within catchment
areas and to identify inter-relationships between different media. A total of four catchments
were studied in Russia, three in Finland and one in Norway. During 1994, the chemical com-
position of the following media was studied: precipitation (snow and rainwater), vegetation
(terrestrial moss, ground lichen and crowberry), soil (humus, «topsoil 0-5 cm» and horizons in
podzol profiles), stream water, organic stream sediment, Quaternary deposits, bedrock and in
some catchments, groundwater.
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Figure 2. Boxplot diagram showing the variation of 134Cs and l37Cs in Bq/kg (HPGe-determination)
and As, Cr, Ni and Sr in mg/kg (ICP-MS analysis) in ground lichen from three of the Russian
catchments, n = 12 -14 per catchment.
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Radiocesium in ground lichen
For each medium more than 30 elements were analysed. For three of the Russian catchments
(catchments 1, 3 and 4), Cs and Cs concentrations were determined in ground lichen
{Cladonia sp. and Cetraria sp.) using HPGe analysis at the Finnish Centre for Radiation and
Nuclear Safety (STUK). These results are presented as boxplot comparison in Fig. 2. Lichens
are long-living plants that obtain their nutrients mainly directly from the air and are therefore
suitable as bio-indicators of atmospheric fallout. Reindeer lichen is also well known as the
main source of uptake of radioisotopes such as Cs in reindeer (Rissanen and Rahola, 1990).

The observed 137Cs concentrations calculated to May 1995 vary from 30 to 180 Bq/kg dry
weight and are probably a result of both the atmospheric nuclear bomb tests in the 50's and
60's, and of the more recent fallout from the Chernobyl accident in 1986. Only one high 137Cs
concentration (550 Bq/kg) was observed in a Cladonia sulphurina lichen sample (a species
not consumed by reindeer) sampled from catchment 4, situated 25 km SW from Monche-
gorsk.

The 134Cs concentrations levels for May 1995 vary from less than detection limit to 10 Bq/kg.
These concentrations are very low due to the short half-life of 134Cs (2 years). The Chernobyl
accident appears to have had a relatively modest effect on the Kola Peninsula, and these
results presented here are lower than the radiocesium content in reindeer lichens from both
Finnish Lapland and Norway (National Institute of Radiation Hygiene, 1986). We did not
observe increased radiocesium levels related to the underground use of civil nuclear
explosives in the shutdown mines surrounding catchment 3, situated 3 km SE from Kirovsk.

Natural occurring thorium and uranium
The total content of Th and U was analysed for several of the collected media by ICP-MS and
ICP-AES (Fig. 3).

! Olcbmsnl 1 2 3 4 5 6 7 8Gndimux O Cl C3 C4 C5 C6 C7 C8

Quaternary deposit
Cxctmzm 1 2 3 4 5 6 7 .

Organic stream sediment
Olcbmsnl 1 2 3 4 5 6 7 8

Organic stream sediment
»6»32»7 »8«4«5 #8

C2 a C4 C5 C6 C7

Stream water
Caichrwnl Cl C2 C3 C4 CS C6 O C8

Bedrock
CacchmcntCI C2 C3 C4 C5 « C7 C8

Stream water
Figure 3. Boxplot diagram showing the variation of Th and U in mg/kg and (ig/1 (ppb) analysed by
ICP-MS and ICP-AES in various media sampled from all eight investigated catchments. # indicates
the number of samples in each catchment.
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The majority of the sampled media reflecting atmospheric fallout (moss, lichen, snow,
rainwater and partly topsoil) display concentrations below the detection limits for both Th (d.
e. < 0.2 - 5 mg/kg) and U (d. e. < 0.2 mg/kg), with the exception of Th in catchment 3 near
Kirovsk. As a result of the geology in catchments 6 and 8 in Finland, the U contents seen in
organic stream sediments are extremely high (maximum of 510 mg/kg). These findings are
partly in agreement with the contents in stream moss, stream organic matter and till reported
in these areas from the geochemical atlas of Northern Fennoscandia (Belviken et al. 1986).

REGIONAL MAPPING (1995)
Topsoil and reindeer lichen sampled during summer 1995 will be analysed for a variety of
radioactive isotopes by the Norwegian Radiation Protection Authority. The resulting data will
be used to produce regional maps of radioactivity for the study area. The topsoil samples
(consisting of the uppermost 5 cm of the soil after the removal of any living surface vege-
tation) were collected using a stainless steel auger designed for this purpose. The fixed depth
of the topsoil samples resulted in the collection of a varying proportion of mineral soil in the
samples. Because the pilot project had highlighted the problem of very high local variability, a
minimum of ten subsamples were collected at each locality using the auger. A detailed
description of the field methods used is given in Ayras & Reimann (1995).

The composite samples are dried and homogenised in the laboratory. Approximately 100 g.
of each sample is then placed in a 0.3 litre plastic container and sent for high purity
germanium semi-conductor (HPGe) analysis for a variety of radioisotopes to the Norwegian
Radiation Protection Authority. Both naturally occurring isotopes (e.g. isotopes from the Th-
and U-decay series) and anthropogenic isotopes including Cs and Cs are determined by
this gamma-spectrometric determination. Similar analyses are carried out for the lichen
samples and a comparative study of the radioactivity in topsoil and reindeer lichen will be
undertaken. At selected 'hotspots', radioisotope concentrations will be determined throughout
complete soil profiles to better unravel the sources and the pollution history.

Due to financial restrictions, topsoil samples and reindeer lichen presently will be only
analysed for radioactive isotopes. For the other sampled media, the Geological Survey of
Finland will carry out analysis for more than 30 elements, including Th and U, by ICP-MS,
ICP-AES and AAS techniques. The first regional maps will be ready in the course of 1996.

CONCLUSION
A high variation of the natural occurrence of Th and U due to differing bedrock lithologies
was observed in the catchment study. Surface concentrations of Cs and Cs were
generally low at our selected sites in the project area, but highly variable on the small scale.
Thus the sample size and number of subsamples for topsoil from each site had to be increased
for the production of maps of radionuclides in topsoil. Regional maps will be ready in 1996
as part of a joint ecogeochemical mapping project covering 188,000 km2 in the northern part
of Norway, Finland and Russia. Both natural occurring and anthropogenically spread radio-
isotopes will be documented on an average sample density of 1 sample per 300 km2 of the
most populated and industrialised part of the Barents region.
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The Russian-Swedish Tundra Radioecology Expedition 1994

Bertil R.R. Persson, Elis Holm, Kjell-Ake Carlsson, Dan Josefsson and Per Roos

Radiation Physics Department, Lund University, S-221 85 Lund, Sweden

INTRODUCTION

The territory of the Russian Arctic and Sub Arctic includes three natural zones: polar deserts,
tundra and forest-tundra. The north-eastem territories of Russia occupy 10 million km^ with a
population of about 11 million people. The current state of the environment in the Far North of
Russia is being determined by economical use of its resources.
With physical-geographical and economical factors the Russian North can be divided into 6
meridian sectors. In the first sector, on the Kola peninsula, ecosystem cover is highly degraded,
especially in western part. This area is very rich in metallic ores (nickel, copper, iron) and that
caused the development of smelting industry. One more considerable source of pollution is apatite
processing industry producing fertilisers. The demand for electricity led to construction of
nuclear-, coal- and hydroelectric power-stations. This activity has resulted in an ecological disaster
of the western part of the Kola Peninsula.
Concerning the East on northem plains of the European Russia good reindeer pastures and tribal
lands of the Nenets people existed not long ago. Intensive geological search and well drilling of
rich oil-deposits in the tundra east of the Kanin peninsula has brought the ecosystems to the brink
of degradation. Further north to the south-east the Pechoorrsky coal basin is situated: Vorkuta coed
mines supply the entire Siberian and European North with coal. In these region reindeer pastures
are over grazed, trees on the northern border of forest and forest-tundra zones have been cut and
therefore tundra spread southward 100-150 km.
The tundra of western Siberia relates to the third sector, Yamal-Nenets region. Here on the Yamal
and Gydan peninsulas vast deposit of natural gas was found in the 1970s. The current state of
environment in the North of W. Siberia can be described as close to crisis. Further exploitation of
the area inevitably will make the situation worse as more northem, vulnerable ecosystems are met
with.
Region 4 of the Russian North in central Siberia are located within the area of Tymyr peninsula.
The latter is the northernmost continental bulk of land and has the biggest reindeer population in
Russia, hi the southern part of the region the black spot of Norilsk smelters is situated. Here is one
of the world's richest deposits of nickel and copper. The extensive pollution emitted by the Norilsk
enterprises is spreading to NE to the centre of the Taymyr peninsula.
Further to the East are the tundras of Yakutia and Chukota. These two regions have vast deposits
of gold tin and other metal ores as well as brown coal fields. The regions have reindeer pasturing
and are comparatively little damaged.
The main big rivers with outflow to the North are from west to east: Petjora, Ob, Jenisej, Lena,
Indigirka, Kolmyra. The radio ecology program focus on the outflow of radio nuclides from these
rivers and the effect of mixing with sea water. We will look for differences in the outflow of radio
nuclides from these rivers and use this information to model the water flow and mixing processes.
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Table 1.
Expedition route and research sites of the
"Tundra Ecology-94" expedition 1994.

Visiting

date 1

06-04

06-08»09

06-10

06 12»13

06-14»]5

06-15»16

06-17»20

06-21»22

06-22»23

06-23

06-24»26

06-27»28

08-29»30

07-03»05

07-05»06

07-10»l l

07-14»15

07-17»18

07-20»21

07-22»26

07-25

On return

date 2

09-08

09-02

08-31

08-29»30

08-26»28

08-25»26

08-22»08-23

08-20»21

08-18»19

08-15»17

08-13»14

08-10»l l

08-08»08-08

08-03»08-04

07-31»08-02

point of return

Site

No.

1(27)

2(26)

3(25)

4(24)

5(23)

6(22)

7

8(21)

9(20)

10(19)

11

12

13

14

15

16

17

18

Name

Gothenburg

Murmansk

Kachkovsky Bay, Kola Peninsula

North-eastern Kan in Peninsula

Kolguyev Island

Pechora Bay

Western Yamal Peninsula

Belyi Island, Northern Yamal

Peninsula

Dickson

Arctic Institute Islands

North West of Taymyr Peninsula

Chelyuskin Peninsula

North-east of Taymyr Peninsula

Khatanga rotation point 1

Olenekskiy Bay

Tiksi rotation point 2

Yana Delta

New Siberian Islands

Lopatka Peninsular,

North-Western Indigirka

North-east of Kolyma Delta

Ayon Island

South-western Wrangels Island

Kolyuchinskaya Bay

Position

67.30°N41.00°E

68.15°N 6.00°E

69.15°N 50.00°E

68.5°N 54.00°E

70,45°N 67.00°E

73.00°N 70.00°E

75.00°N, 82.00°E

76.00°N 94.00°E

77.20°N 102.00°E

76.00°N 112.00°E

74.00°N 110.00°E

73.15°N 120.00°E

74.00°N 110.00°E

73.3O°N 136.00°E

75.00°N 140.00°E

71.45°N 149.00°E

71.45°N 158.00°E

69.50°N 168.00°E

70.50°N 179.00°E

67.00°N 173.45°E

The development of nuclear technology power production results in creation of large quantities of
radioactive waste (RAW) which is partly disposed in the Northern seas. The location of officially
chosen areas for disposal of RAW are in the area of Barents sea and Kara sea (Novozemelskaya
Depression, Sedova Bay, Novaya Zemlia). The largest number of disposals of low and medium
active RAW was conducted in 1967 and 1988.
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Among all the dumps of RAW in Northern seas the largest ecological dangers are presented by the
items with spent nuclear fuel. Submarine sections with nuclear reactors have been dumped in the
area about (72-74)°N (55-5)8°E that is close to the route of our expedition. (Adm. of Pres. of
Russian Fed. 1993)
It is important to investigate the ecology of the antropogenic radio nuclides Cs, Sr, and

' Pu in the Northern Sea to explain the origin from different sources. It has been shown
from our earlier expedition on ODEN 1991 that the levels of Cs are higher in the central Arctic
Ocean than further south in Barents Sea. The question is if this is due to inflow from the Atlantic
or is due to other origin.
It is also interesting to study the outflow of Sr from the rivers along the Siberian coast to
investigate if the permafrost enhances the run-off of radionuclides from tundra.
Study of anthropogenic radionuclides in the mixing zone between fresh and salt water at the
different river systems along the Siberian coast is of particular interest. Previous investigations we
have performed in collaboration with Russian and Norwegian scientists, in the Kara Sea show no
accumulation of radionuclides in this area from the river Ob.
During the expedition we have also studied the variations in the cosmic u -meson radiation,
gamma radiation level and UV-radiation at two wavelengths (365 and 296 nm). We have also a
meteorological station with GPS that make recordings every 15 min.

RESULTS

Marine radioecology
After drying the cartridge filter for 1-2 days at 60 ° C the activity was measured on
board with a Nal(Tl) scintillation spectrometer. In the laboratory in Lund the filters were
ashed at low temperature amd measured with Ge-detector. The activity concentration in
surface water varied from around 6 Bq/m in the western regions (70°N, 0-80°E) and
around 10 Bq/m3 in the central parts (70°N,80-140°E) to around 2 Bq/m3 in the most
eastern parts (70°N,140-170°E). The activity concentration in the North Atlantic was
around 7 - 9 Bq/m3. More details on the results of measurements of Cs-137 on the
Cu-ferrocyanate filters are presented in Figure 1 and Figure 2 for surface water and
bottom water measured on-board and in the laboratory at Lund respectively.
Sediments were taken at most stations and stored in plastic tubes for analysis at the
laboratory in Lund. Preliminary measurements on a few samples does not indicate any
extreme levels of ^^Cs(below 20 mBq/kg).

Terrestrial radioecology
Some of the tundra ground profiles have been measured and displayed in Figure 3. The
surface activity concentration is around 20 Bq/kg and the maximum concentration of
around 30 Bq/kg is found at some cm depth. Thus there is no fresh fallout present in
these soils. The Cs-137 presents originate most probably from atmospheric nuclear tests
during the 60th.

Several species of lemmings and vole have been whole body counted and the results are
given in Table 1. To get as good statistics as possible several animals were put together in
a Marinelli vial. The average activity concentration was around 7 Bq/kg for lemmings
and Dicrostonyx was around 10 Bq/kg for Microtus oeconomus and gregalis.
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Faeces from fox collected by Anders Angebjom during leg 1. It was dried and then measured
for Cs-137 and the rasults are given in Table 2. The level is much higher than in lemmings
that is assumed to be an important food for the fox. The activity concentration was around 40
Bq/kg.

Caribou samples were received from the Russian and Swedish reindeer research groups. The
results are given in Table 3. The activity level in the muscle tissues was in average 27.4 mm
2.5 Bq per kg fresh weight that is well below the limit of restrictions (300 Bq/kg in
Sweden).There was no activity of Cs-134 recorded in the samples we measured on board.
Preliminary results from measurements onboard. More caribou samples will be analysed in
the future collaboration between the research teams.
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137Cs activity concentration in surface water

10 20 30

Sampling eastwards 4O"E »170°E
40

Figure 1
I37Cs- activity concentration in surface water sampled during Tundra-Radioecology
expedition 1994-06-04 - 09-08 along the Siberian coast eastwards 40°E - 170°E.

The circles indicate samples measured on-board with Nal-detector and the squares samples
measured with Ge-detector in the laboratory at Lund after ashing the filters.

137CS activity concentration in bottom water (depths 13 - 55 m)

0 10 20 30 40

Sampling eastwards 40°E »170°E

Figure 2
m C s - activity concentration in bottom water sampled during Tundra-Radioecology
expedition 1994-06-04 - 09-08 along the Siberian coast eastwards 40°E - 170°E

The circles indicate samples measured on-board with Nal-detector and the squares samples
measured with Ge-detector in the laboratory at Lund after ashing the filters.
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Distribution of Cs-137 in soil

O CSJ T

.137
Figure 3

Percentage distribution of Cs in different layer of ground samples at sites 2,3 and 4

Table 1.
Cs-137 activity concentration in various species of lemmings and vole.

Species
(no. of animals, weight g)

Dicrostonyx torquatus (3, 183 g)

Microtus oeconomus (3, 177 g)
Microtus gregalis (2, 104 g)

Lemmus sibiricus (3, 183 g)
Lemmus sibiricus (5, 344 g)

Lemmus sibiricus (7, 350 g)
Lemmus sibiricus (5,292 g)

Lemmus sibiricus (15, 292 g)
Lemmus sibiricus (5, 292 g)

Lemmus sibiricus (3) +
Dicrostonyx torquatus (2)

Site-date

5 -19/6

2 -12/6
5 -19/6

5 - 19/6
5 - 19/6

8 - 25/6
8 - 26/6

15-20/7
17-26/7

9 - 28/6

Bifftg

6.3

9.8
9.3

7.8
5,7

8.5
8.3

7.6 ±0.5
3.6±0.2

4.6

Average
Bq-'kg

6

10

7

8

6

5

271



Table 2
Cs-137 activity concentration in fox faeces

Sate

13-June

15-June

29-June

• Ske :

13

15

29

1 Weight

56 g d. wt.

75 g d. wt.

129 g d. wt.

Bqflcg dart.

36

41

40

Table 3
activity concentration in caribou samples.

Muscle 1225 g ww

Liver 39 g ww

Kidney 25 g ww

8 - 25/6

8 - 25/6

8 - 25/6

28

31

77

Muscle 60 g ww

Muscle 40 g ww

Muscle 40 g ww

26 - 30/8

26 - 30/8

26 - 30/8

46

17

11

Average

site 26

24,7+0.6 Bq/k

iliiiyiiiiiiiiiiiiiiiiii
lilljiiilliiillllllil

Wmmmmm.
mmmmxSWm
Ilillilli

* ;*;**;:;:; \gjiiiiigiiiiii'^
Muscle 90 g ww

Muscle 110 g ww

Muscle 60 g ww

22 - 23/8

22 - 23/8

22 - 23/8

35

32

22

Average

site 22

29,7±0.7 Bq/k
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Radiocaesium and 129I along the Russian coast. Preliminary
results from the Swedish Russian Tundra Ecology expedition
1994.

DAN JOSEFSSON1, ELIS HOLM1, BERTIL R. PERSSON1, PER ROOS1,
JOHN N. SMITH2, UNAS KILIUS3

1 Department of Radiation Physics, Lund University, 221 85 Lund, Sweden
2Bedford Institute of Oceanography, Dartmouth, N.S., Canada
3IsoTrace Laboratory, University of Toronto, Toronto, Ont, Canada

INTRODUCTION

During the summer 1994 a joint Swedish-Russian expedition, Tundra Ecology -94, examined
the coast of the Siberian tundra. The cruise passed the Barents Sea, the Kara Sea, The Laptev
sea and reached 170 CE in the East Siberian Sea. The Radiophysics Department at Lund
University participated during the whole cruise as the only group dealing with environmental
radioactivity.

Most of the expedition projects dealt with land based research which lead to a ship
route close to the shore. Our sampling were performed both offshore and onshore but with
emphasis on sea water and sediment sampling. At approximately 30 stations water samples
were taken both at the surface and in near bottom water for the determination of I34Cs, 137Cs,
^Sr, 129I and 239+240pu concentrations (Fig. 1). At these stations also sediment cores were taken.

METHODS

The surface water samples were collected at approximately 2 meters depth by a ship stationary
pump. For all 137Cs samples 200 litres of water were used. The bottom water was either
collected by 30 litre bottles or through a hose lowered from the rail to the appropriate depth
The volumes varied between 50 - 200 litres. The seawater samples were preconcentrated at the
ship by copperferrocyanide precipitation. As yield determinant U4Cs were used.

To determine the 1MCs/137Cs activity ratio large water volumes were passed through a
cotton cartridge filter impregnated with copperferrocyanide adsorbent.

Sediment cores were collected either by a box-corer or a HAPS-corer. The sediment
were then transferred to cylindrical plastic containers, diameter 10.3 cm, for storage.

At most stations 1 litre surface water samples were collected for 129I determination. The
analyses were made by accelerator mass spectrometry (AMS).
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80-N
7CTN

1000 km

Figure 1. Location of sampling stations

RESULTS

The radiocaesium and 129I concentrations in the water samples are shown in Table 1 below. The
activity ratio 134Cs/137Cs is fairly constant along the Siberian coastline as far east as 150 °E. It
ranges between 0.011-0.017 with a mean value of approximately 0.014 which gives a
Chernobyl fraction of about 30 percent. Between 150-170°E no 134Cs activity were detected
which means that the Chernobyl fraction is below 8 percent.

An obvious trend is seen in the absolute I37Cs activities, especially for the saline bottom
water. The activity increases almost constantly from 6 mBq/1 in the eastern Barents Sea to 12
mBq/1 in the Laptev Sea. East of 150 °E the typical 137Cs activity is 2-3 mBq/1. Along the
whole cruise a clear effect is seen around the mouths of the big rivers. In these areas the l37Cs
activity decreases to values 1-3 mBq/1.

The I29I concentrations shows an opposite trend. In eastern Barents Sea the
concentration is around 20-22 *108 atoms/litre. This concentration then decreases towards east
to approximately 10 * 10* atoms/litre in the Laptev Sea. In the east Siberian sea the
concentration drops to 1 *10* atoms/litre. Around the mouths of Ob, Yenisej and Lena the 129I
content decreases as well and reaches around 4 xlO8 atoms/litre.

Yet only two fresh water samples have been analysed. The two rivers Yana and
Indigirka show low 137Cs activity, 0.8 and 1.8 mBqfl respectively.

The preliminary results from the sediment samples show very varying activity contents
and depth distributions both for 210Pb and 137Cs. Two cores, from station 9 and 21, have been
more thoroughly investigated for 137Cs. The integrated activities at these stations are 0.97 and
0.61 kBq/m2 respectively.
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Station "7Cs Activity [mBq/1]

l
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

(Surface/Bottom)

8.8
7.3
7.2
4.8
5.3 / 6.4
8.1/7.5
5.9/5.8
6.6/7.5
7.9/8.3
7.3 19.1
1.6
1.2/10.1
5.0
11.0/ 12.0
9.9/12.8
9.8
11.8/13.2
8.2
4.0
2.7
7.9/11.6
11.7/12.2
8.5
2.6
2.1
2.3/2.4
0.8/2.2
1.5/3.0

DISCUSSION

A(13<Cs)/A('"Cs)

(Surface/Bottom)

0.016
0.016
0.014
0.016
0.013/0.012
0.015/0.015

0.011/0.014
0.012/0.013
0.014
0.012
0.014
0.017
0.013
0.014
0.013
0.014
0.013
0.012

0.013/0.014

<0.003

<0.003 / <0.003

I29J

[xiO8 atoms/1]

8.75
22.3
21.0
21.9
20.9
14.5
14.6

4.6

15.7
13.4
12.6
9.3

3.7

2.0

9.1

0.8
1.1

Salinity [%o]

(Surface/Bottom)

-Z33.7
32.2/31.7
32.5 / 33.3
33.3/33.2
32.9 / 33.4
25.8/32.8
5.7
1.0/31.7
30.7
-Z33.6
-/32.4

27.8/31.2

133
61
19.0 / 32.0
28.9/31.0
239

232
17.4/24.8
6.2 / 25.4
9.5/32.3

depth

[m]

30
24
23
24
20
20

35

55
53
29
25

20
18

14
13
30

The constant caesium ratio west of 150 °E indicates that these waters have the same caesium
source or sources. The lack of m Cs in the East Siberian Sea is probably an effect of the sea-
current pattern. These water masses probably originates from the Bering Sea and contains only
old bomb test fallout caesium.

The 30 % Chernobyl caesium in the eastern Kara Sea and the Laptev Sea gives
approximately 6-8 mBq/1 caesium with another origin. This activity is much higher than the
observed concentration in the East Siberian Sea which implies that there must be an third
source of 137Cs, apart from the old falJout and Chernobyl. Either this additional wCs source is
former releases from the Russian rivers or, more probably, releases from European nuclear
facilities (mainly Sellafield). The latter assumption is supported by the fact that only very low
caesium activities were observed in the two Siberian rivers.

The assumption that the waters west of 150 °E have their source in the European
waters is supported by the I2'I results. The enhanced levels of 129I has its origin in the
reprocessing plants in Europe. The decreasing tendency along the tundra coast towards east
can be an effect of the increasing release rates from the reprocessing plants over the years.

The increase in 137Cs activity towards east can be an combined effect of the changes of
Sellafield releases and Chernobyl fallout transported from the European waters. The Sellafield
releases have been decreasing over the last two decades and the activity levels of Chernobyl
related caesium in the European waters have been decreasing since the late 1980's.

The sediment profiles until now analysed for 210Pb and I37Cs show all very different
activity depth distribution. These results imply a strong vertical sediment mixing in the shallow
waters over the whole area.
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Radiocesium in semi-natural ecosystems in Ser-Varanger, North-Norway.

I. M. H. Eikelmann, L. Fie and E. Larsen, Norwegian radiation Protection Authority,
Svanhovd Emergency Preparedness Unit, N-992S Svanvik, Norway.

Introduction

The content of radionuclides in the semi-natural ecosystem in Ser-Varanger are mainly
radioactive fallout from atmospheric nuclear weapon tests in the fifties and the sixties at
Novija Zemlja, Russia. The radionuclide composition of the radioactive pollution from this
origin is cesium-137, strontium-90 and tritium (Semenov 1993). The Chernobyl accident
caused almost no contamination of this area.

The sampling area is S0r-Varanger county in Finnmark, North-Norway on the latitude
between 69-70° N and 28-30° E. S0r-Varanger is part of the region where the western
boreal forest meets the Siberian taiga. The community have old pine and birch forest in
inland areas and mores at the coastland. The climate is stable with annual precipitation
approximately 400 mm.

From historical times to present day, favourable natural conditions have encouraged use of
semi-natural ecosystems for household. Agriculture, forestry, reindeer herding with
supplement of hunting and fishing are still economical important in the area. Berries and
mushrooms are also of importance.

Material and methods

Samples of reindeer is collected from two different reindeer herds in Ser-Varanger in
November 1993. Moose samples is collected from different parts of the community through
the moosehunting in September/October 1993. Four different species of freshwater fish,
pike (Esox lucius L.), perch (Perca fluviatilis L.), trout (Salmo trutta) and gwyniad
(Coregunus lavaretus L.) are from the Pasvik river. The mushrooms are collected in two
different localities in the Pasvik valley. The reindeer food lichens (Cladonia ssp.) is from
the reindeer grazing areas in Ser-Varanger and divided into three different areas; area I; the
upper Pasvik valley (winter pasture), area II; the middle Pasvik valley (autumn pasture) and
area III; the coastal area (summer pasture).

All analyses were done on a 3x3 inch NAI-crystal detector (resolution^ %,
effectivity«10%) connected to a multi-channel-analyser (Canberra S10+)
The measurement of fish, reindeer and moose were done on fresh muscle tissue.
Mushrooms and lichen samples were dried at 105°C to constant weight before measuring.
Results from the analyses is Bq kg-1 wet weight for fish-and meatsamples and Bq kg-1 dry
weight for lichen- and mushroom samples.

276



Results and discussion

Freshwater fish
The content of radiocesium in freshwater fish is low in the Pasvik river. The highest values
is found in pike and perch with mean radiocesium content of 26 Bq kg"1 wet weight and 15,
and 12 Bq kg"1 in trout and gwyniad, respectively (fig.l). Samples from smaller lakes in the
area show ten times lager radiocesium levels.

The maximum transfer of radiocesium to fish is reached within the first three years after the
fallout for all species and normally in the order; small perch-troth and char -large perch-
pike, a sequence that seems to reflect the tropic levels each species occupies (Andersson &
Meili 1994).

40

30

20

10

0 —

DPike (Esox luciaus L):

• Perch (Percafluviatalis L):

•Trout (Salmo trutta):

•Gwyniad (Coreganus lavaretus L )

Figur 1. Radiocesium (Cs-137) in freshwater fish in Ser-Varanger (Bq/kg fresh weight)

Reindeer and moose
Reindeer in the arctic still contain significant amount of l37Cs from the bomb test. Reindeer
are grazing lichen predominantly during winter, with lower intake the rest of the year.
Lichen have a high ability to absorb radionuclides directly from precipitation (Tuominen &
Jakkola 1973).

The mean radiocesium concentration in reindeer meat from Sar-Varanger was 325 Bq kg"1

(fig.2). There is seasonal variations in the concentration of radiocesium in reindeer, with up
to five times higher in winter than summer (Eikelmann et al. 1990). The high intake of
lichen with high concentration of radiocesium is obviously the main reason for the increase.
Investigations done by Westerlund et al. (1987) from Kautokeino in Finnmark showed the
higest radiocesium content in reindeer in 1965 (3000 Bq kg"1).
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The mean concentration of radiocesium in moosesamples from Scr-Varanger was
22 Bq kg"1 (fig. 2). The moose diet in autumn is mainly green forage plants that contain less
radiocesium then do lichens (Eriksson, 1990).
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Figur 2 Radiocesium (Cs-137) in reindeer, moose and freshwater fisk in Ser-Varanger
(Bq/kg fresh weight).

Lichen
Lichen have a high ability to absorb radionuclides directly from precipitation (Tuominen &
Jakkola 1973) they grow slowly and have a long lifespend, resulting a relatively long
biological half-life of the absorbed radioactivity.

Radiocesium concentration in lichens samples from area I were significant higher (570 Bq
kg"1) than in area II (318 Bq kg"1) and area in (210 Bq kg"1)(fig.3). The ecological half-life
for lichen differs from 4-11 years depending on the climate (amount of precipitation),
regroth and the grazing intensity of the lichen. The grazing intensity is highest in area in,
and lowest in area I and that may explain the differences between the grazing areas.
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Mushrooms
In nutrient poor -podzol soil, as in semi-natural ecosystems in Ser-Varanger, the mycelium
of the fungi is in the upper organic layer of the soil. The radiocesium from the fallout will
also stay in the upper five centimeter layer. Some species of fungi may be good as
bioindicators for the ecological half-life of radiocesium in this ecosystems.

The highest content of radiocesium was found in the species of the genius Cortinarius sp.,
almost 1200 Bq kg"1 dry weight, and in Laccaria lacctata with content of 1000 Bq kg"1. The
lowest content is in Boletus bovinus and Leccium species with about 100-200 Bq kg"1 (fig.
4.). Investigations from the Chernobyl fallout shows the same pattern (Olsen, 1994), and
the results indicated that the bioavailibitity of «Chernobyl» and weapon testing radiocesium
fallout is very similar.

The variable content are caused by the variability to accumulate radiocesium from soil and
the amount of mycelium specific for each fungal genus and species (Olsen 1994).
Physical decay and a vertical transport of variable velocity are the main mechanisms
causing a reduction in the fungal fruit body content. Our result indicate that the future fruit
body content will be high with an ecological half-life close to the physical half-life of about
30 years.
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Conclusion
Radiocesium from the bomb fallout is still excisting in some foodstuff produced in semi-
natural ecosystem in SOT-Varanger. Radiocesium has been of considerably significance as
contaminants of food for people whom have been using food from this ecosystem the last
decades. The foodchain lichen-reindeer-man is the importent due to radioactive
contamination. Based on Westerlund et al. (1987) data the ecological half-life in reindeer on
lichen pasture in these areas is about 8 years.
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INTRODUCTION

Radioecological studies have been carried out in the arctic and subarctic regions of both
Finland and Russia since the early 1960's. Systematic radiation hygienic monitoring of the
Lovozero region in Murmansk Province of the Kola Peninsula has been carried out by the
Institute of Radiation Hygiene (IRH) since 1961 (4,6,7). In Finland food chains leading from
plants to man were investigated by the Department of Radiochemistry (HYRL) since 1961 and
by the Finnish Centre for Radiation and Nuclear Safety (STUK) since 1970 (2,3,5). Of the
entire Russian arctic and subarctic area the highest levels of radioactive fallout were found in
the Kola Peninsula. The amount of annual precipitation is about 500-600 mm in the
settlement of Lovozero, Lake Lovozero and environs and most of the reindeer pasture
territories, 600-800 mm in the upper reaches of rivers and hills and 800-1200 mm in the
Lovozero Mountains (1). The annual amount of precipitation is about 500 mm in Finnish
Lapland.

The sources of contamination were atmospheric nuclear weapons test up to 1963, when the
maximum fallout concentrations of radiocaesium and radiostrontium were found, and the
accident at Chernobyl in 1986. The terrestrial food chain of lichen-reindeer-man is the most
significant from the point of view of radiation dose. As in other circumpolar countries the
concentrations of fallout radionuclides also decreased in Murmansk Province until the
Chernobyl accident, after which increases were noted in terrestrial (Fig. 1) and aquatic food
chains.

Epidemiological assessment of the mortality of Lovozero native inhabitants (reindeer-herders
and members of their families) was carried out by IRH from 1961 to 1994. The high rates of
total mortality, external causes of death, suicides and oncological deseases (in particular
extremely high oesophagus cancer rate) for this cohort could be noted. Length of life of
Lovozero aborigins is much shorter than for the whole population of Russia. The task of the
epidemiological investigations by IRH is to ascertain the influence of various environmental
factors, including radioactivity, social/economic conditions, life style and nutrition
peculiarities on the health status of Lovozero reindeer-herders.
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In 1994 a framework for a largescale Russian-Finnish programme on investigation of the
radioecological and health status of native populations in the Kola Peninsula and Finnish
Lapland was established. During summer 1994 and winter 1995 joint expeditions of scientists
from Finland and Russia were conducted in the Kola Peninsula. In the present paper only the
results for radiocaesium and K are presented since analyses of other radionuclides are not yet
completed. Collection of data on health status is still in progress.

283



MATERIALS AND METHODS

During the summer expedition in August 1994 samples of vegetation, fishes and lake
sediments were taken, while during the winter expedition in March 1995 10 reindeer muscle
samples were obtained. Whole-body monitoring measurements of local inhabitants was done
both times, and the results are presented in detail in another paper in this conference.

Litter and substrata were removed from the lichens and the latter dried at 105° C and
homogenized. Before grinding the muscle samples, all bone, fat, sinew and membranes were
removed. All homogenized samples were packed into cylindrical 35-ml containers, measured
with semiconductor detectors and the gamma spectra analysed with the STUK
GAMMAprogram. As controls special samples were prepared by the IRH, and the gamma
spectra analysed in both Finland and Russia.

RESULTS AND DISCUSSION

The mean concentration of 137Cs in five lichen samples (Cladonia sp.) collected in Lovozero
during summer 1994 was found to be 290+/- 60 Bq/kg dry weight and that of 134Cs 8.5 +/-
5.6 Bq/kg respectively. The amount of 137Cs deposition was estimated to be 1000 +/- 360
Bq/m .

The mean concentration of 137Cs in reindeer meat samples from Lovozero in 1995 was found
to be 390 (+/- 60) Bq/kg fresh weight and that of 134Cs 7.6 +/- 2.0 Bq/kg respectively.
When calculated from these mean results and assuming that the May 1,1986 1 Cs/137Cs ratio
was 0.55, about 40 % of the I37Cs activity originated in the nuclear weapons tests and 60 % in
the Chernobyl accident. The mean concentration of 1 Cs in 13 reindeer meat samples
collected in the Inari-Utsjoki area of Finnish Lapland during January-March 1995 was found
to be 420 +/- 230 Bq/kg fresh weight, and that of 134Cs 9.0 +/- 7.5 Bq/kg respectively. Of
the Cs activity about 30 % was estimated to originate in the nuclear weapons tests and the
rest from the Chernobyl accident.

To evaluate the total cumulative fallout and the annual deposition rate of radiocesium in the
Lovozero region the 137Cs and 210Pb contents of a sediment profile sample from Lake
Lovozero was analysed. The age of each sediment layer was determined by the 1 Pb dating
method developed by Appleby and Oldfield (1978). The maximum concentration of 137Cs
was found in the sediment profile at the depth of 7-8 cm corresponding to the sedimentation
occurred about 30 years ago (Figure 2). The maximum fallout due to the atmospheric nuclear
weapons tests occurred in 1962-1964. The total amount of 137Cs in the sediment profile in
August 1994 was 3.0 kBq/m2.
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Table 1. Monitoring results of reference samples measured in Finland and Russia.

Sample/code

Muscle/5

Bone/6

Muscle/7

Bone/8

u 'Cs Bq/kg

IRH
13 600
+/- 680
" 'Cs
Bq/kg
RH

< 370

STUK
12 800
+/-510
354
+/-15
11400
+/- 460
115
+/-6

WK Bq/kg

IRH
2 380
+/- 290
< 370

2 430
+/- 620
< 370

STUK
2 850
+/- 120
112
+/- 9
2 600
+/- 104
99
+/- 15
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The monitoring results of the reference samples arc presented in Table 1, and show good
agreement between the determinations in both Finland and Russia.
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Large areas of reindeer pasture in Sweden were contaminated with radioactive material after
the accident at the Chernobyl nuclear power plant in Ukraine in April 1986. The deposition of
radioactive caesium was over 100 kBq per m2 in some areas. Activity concentrations up to 7
kBq per kg in reindeer muscle were recorded during the summer after the accident (Ahman,
1994). The levels increased during the autumn. In the winter, reindeer meat from the southern
parts of the county of Vasterbotten contained up to 96 kBq 137Cs per kg fresh weight.

Following the Chernobyl accident, the Swedish authorities decided upon an upper limit, 300
Bq kg"1, for food products intended for sale on the open market. This restriction had a serious
impact on reindeer meat production. From August 1986 until April 1987, 78% of all reindeer
slaughtered in Sweden were excluded from sale for human consumption. The restriction for
reindeer meat, game, freshwater fish, wild berries and mushrooms was changed in July 1987,
to an upper limit at 1500 Bq kg"1. The change was based on the fact that these food products
were considered to constitute only a small part of the diet of the average Swedish consumer.
As a consequence of the changed limit, less reindeer meat (29%) was excluded from the
market during the following year.

Radiocaesium contamination of reindeer pasture land after the Chernobyl accident raised
interest in collecting facts with the purpose of predicting radiocaesium levels in reindeer in
the future. It was demonstrated (Ahman and Ahman 1994) that the levels of radiocaesium in
reindeer are well correlated to the ground deposition. The average aggregated transfer factor
(137Cs per kg reindeer meat in relation to deposition of 137Cs per m2 ) for the first winter
after the accident was 0.76 m2 kg"1. This may be compared to a ratio around 1.5 m2 kg"1 for
activity concentrations in reindeer muscle to activity per m2 of lichens that was observed after
the nuclear weapons test (Svensson and Liden, 1965).

A large seasonal variation of radiocesium in reindeer from the same area, with up to 20 times
higher levels during winter than during summer (Fig. 1), was observed after the Chernobyl
accident (Ahman and Ahman 1994). A considerably lower aggregated transfer factor was also
observed in September 1986 (0.12 m2 kg"1) than later during winter. The seasonal variations
are explained by the shift in diet from summer (mainly green vegetation) to winter (a lichen
dominated diet), resulting in a considerable change of radiocaesium intake. A shorter
biological half-life of radiocaesium during summer (Holleman et at., 1971) may reduce the
activity in the body in relation to intake and further increase the seasonal difference. Seasonal
migrations between ranges with different ground contamination may also affect the seasonal
variations of radiocaesium levels in the reindeer.
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In most areas of Sweden the radiocaesium levels in reindeer have decreased from 1986 to
1992, with an effective ecological half-life from 2 to 5 years. The average effective ecological
half-life (Fig. 2) was shorter, 3.2 years, for the period September to December than corre-
sponding half-life, 4.2 years, for January to April (Ahman and Ahman 1994). The decline has
been considerably faster than the corresponding decline, 6-7 years half-life, observed from
1965 until 1983 or 1986 (Westerlund et al, 1987; Rissanen and Rahola, 1990). However,
additional fallout after 1965 may have resulted in a longer half-life. A trend towards a slower
decline during later years than during the first years after the Chernobyl accident, may
indicate that the effective ecological half-life will be longer in the future.
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Two main countermeasures have been used in Swedish reindeer husbandry, to prevent conta-
mination of food products after the Chernobyl accident. The most simple method has been to
slaughter reindeer earlier in the autumn, before radiocaesium levels rise too high. The other
one has been to decontaminate the reindeer by providing uncontaminated feed for about two
months prior to slaughter. These two methods have been very successful, and during the last
slaughter season (July 1994 to June 1995) only 3% of the slaughtered reindeer had to be
excluded from the market because of too high radiocaesium levels.

CONCLUSIONS

Fallout radiocaesium is effectively transferred to reindeer and the transfer is highly dependent
on the season. The reduction of radiocaesium from the soil-pasture-reindeer ecosystem has
occurred with a faster rate after the Chernobyl fallout than after the nuclear weapons tests.
Effective countermeasures have helped to prevent contamination of reindeer meat intended
for human consumption. Nevertheless, the fallout from Chernobyl will probably remain a
problem for reindeer husbandry in the contaminated parts of Sweden for at least 20 more
years.
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BACKGROUND

Nuclear weapons tests in the atmosphere have lead to radioactive fallout throughout the world.
Since the first nuclear bomb was detonated in 1945, an intense testing activity was going on in
the periods 1954-58 and 1961-62. In 1962 most countries signed a moratorium, ending the
atmospheric tests, but the last atmospheric explosion was performed as late as October 1980
by China.

Most test were performed in the Northern Hemisphere, and the period 1961-62 gave the
largest contribution to fallout The average fallout of 137Cs was 3.4 kBq/m2 in the Northern
Hemisphere, resulting in an average dose of 4.5 mSv [1]. Figure 1 shows the relationship
between yearly deposition of I37Cs and the dose calculated from measurements of whole body
content of 137Cs. the data are from the Chicago area in USA [1]. The figure shows that the
fallout peaked in 1963, resulting in a peak in doses the year after.

Figure 1.
Deposition and yearly dose in the Chicago area.

METHOD

Arctic and Sub-arctic areas are more exposed to radioactive fallout than other areas, due to the
special climatic conditions and the long biological half-lives in the food-chains. The food-chain
lichen - reindeer - man is such an example, 1 Bq/m2 fallout gives roughly 20 Bq/kg in reindeer
meat which again results in 200 Bq whole body content [2]. The half-life of l37Cs in lichen was
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during the years of bomb fallout 7-10 years. When this is corrected for continuos fallout, the
half-life is 3-4 years, and the same is later found for Chernobyl fallout [3].
Reindeer breeders in Kautokeino have been monitored for whole body content of 137Cs every
year since 1965 (with the exception of 1991 and 1992). The group was chosen because of it's
large intake of reindeer meat (65 kg/year).

The same group has been monitored throughout the years. Some supplements have been made,
to maintain the average age within the group. Whole body countings have been performed with
a scintillation detector and a single- or multichannel analyzer. Two geometries have been
utilized, the Palmer geometry, with the person holding the detector in it's lap, and a chair
geometry (with lead shielding) [4].

CHAIR GEOMETRY

Figure 2.
The geometries used for whole body measurements of I37Cs.

RESULTS

The highest values were monitored in 1966, when the average body content of I37Cs was
39 500 Bq for men, and 18 600 Bq for women. Comparing with the data from the Chicago
area, and Alaskan Eskimos, which showed highest levels in 1965, we believe that the peak in
whole body content for reindeer breeders in Finnmark was in the period 1965-66. There has
been a steady decrease in body content since then, up until the Chernobyl accident in 1986.

Luckily, Finnmark was not heavily affected by the Chernobyl fallout. Average fallout of 134Cs
and 137Cs in Norway due to the Chernobyl accident was 11 kBq/m2 whereas the average fallout
in Finnmark county was only 1.5 kBq/m2. This was also clearly demonstrated after the
Chernobyl accident, when reindeer breeders living in middle parts of Norway showed average
body content of 137Cs of 55 000 Bq in 1988 (compared to 7 000 Bq in Finnmark) [5].

Whole body contents are today around 2 000 Bq, giving a calculated whole body dose of 0.1
mSv/year. Figure 3 shows the relationship between levels of 137Cs in reindeer meat and in man.
The data show a clear relationship.
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Whole body activity in the group during the years 1965-1986, compared to the activity levels
in reindeer meat.

The main source of 137Cs in intake is the reindeer meat. Dietary surveys and measurements of
foodstuffs show that 91-94% of 137Cs comes from reindeer meat, both for male and female.
Other sources are freshwater fish, wild berries, and to some extend milk and milk products [4].

other 3%
wild berries 2%

milk & milkproducts 2%

reindeer meat 93%

Figure 4.
Sources of intake of'37Cs.
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INTRODUCTION

In the arctic and subarctic regions of the Northern Hemisphere, where large population groups
still depend upon wildlife resources for their wellbeing, the unique foodchain of reindeer-
lichcn-man efficiently enriches natural and artificial radionuclides. Research projects for the
study of this foodchain have been established in the affected countries since 1960. The
measurement of body burdens by whole-body counting is an important part of this research,
and mobile or even portable counting systems have been devised for use in the inaccessible
northern regions.
(Miettinen et al., 1963, Palmer, 1966, Rahola et al., 198x, Ramzaev et al. 1993).

Intercalibration is a very important quality control method in whole-body counting, as the
human body is a very difficult 'sample' to calibrate for. In 1994 the Finnish Centre for
Radiation and Nuclear Safety (STUK), the Laboratory of Radiochemistry of the University of
Helsinki and the Institute of Radiation Hygiene (IRH) of St. Petersburg agreed to undertake the
first Finnish-Russian intercalibration project for whole-body counters. The monitoring of
body burdens of indigenous inhabitants in the far north of Russia, from the Kola Peninsula to
Chuhodka, has been the responsibility of the IRH since 1960; the above-mentioned Finnish
institutes have monitored reindeer breeders in Finnish Lapland since 1961. The
intercalibration was done in the field by measuring the same persons with both systems in
Finnish Lapland and in the Kola Peninsula.

MATERIALS AND METHODS

In Finnish Lapland the subjects belong to a group established in 1962 by random sampling and
later augmented to number about 210 persons, resident in the northernmost region of Finland:
the Inari and Utsjoki Districts. The members of this group are called by letter to be monitored,
they participate regularly and their dietary habits have been studied extensively. The
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measurements were done in Ivalo Village. In the Kola Peninsula reindeer herders live mostly
in the Lovozero region. The measurements were made in Lovozero, the central village of the
district. It was not possible to call selected individuals to be monitored, which may introduce
some bias. The occupations and dietary habits of these subjects are not known as well as those
of the Finnish group.

The whole-body counter used by STUK is a modified chair-monitoring device mounted in a
truck. It has a high-purity germanium detector with 56% relative efficiency. The calibration
of this instrument has recently been verified in an intercalibration exercise (Rahola et al, 1994).

The system currently used by the IRH, type SPR-88, is intended for use by mineral surveyors
and closely resembles the body-activity monitoring unit originally developed for use in the
roadless far north. It employs the unshielded lap or 'Palmer' geometry (Palmer, 1966): the
sitting subject holds the detector on the thighs and bends over it (Fig.l). The instrument
operates on dry cells, is of rugged construction and weighs only 2.2 kg, but the scintillation
detector is small, 25 mm in diameter and 40mm long. Spectrometry is not employed, i.e. all
pulses> 50keV are accepted.

Figure 1. Lap geometry with subject bending over the detector.

RESULTS AND DISCUSSION

Intercomparison of methods

137A total of 134 persons were monitored consecutively with both systems. The calculated
body burdens are plotted in Figure 2. The regression line (r=0.91) has the equation A^H =
0.91 • ASTUK + 514 Bq. It can be seen that the lap geometry yielded results about 10% lower
than those obtained with a conventional system, individual results may also vary widely.

Cs
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Figure 2. 137Cs body burdens of persons monitored with both the IRH and the STUK whole-body
counting systems and the calculated regression line.

Intercomparison of body burdens

The results of the whole-body measurements with the STUK system in August 1994 and
March-April 1995 in Ivalo, Finland and Lovozero, Russia are presented in Table 1.

Table 1. Mean body burdens of 137Cs (Bq) in reindeer-herding populations from Ivalo-Utsjoki and
Lovozero regions, measured with STUK system. Ranges are given in parentheses.

Region
Population
group
Ivalo

Men

Women

M+W
Children

Lovozero

Men

Women

M+W
Children

Number of
persons

"'Cs Mean
(Min-Max)
Bq

Measured in August,
1994

99

62

161
11

3700
(460-13 200)
1600
(40-4800)
2700
550
(220-970)

Measured in August,
1994

28

8

36
3

2300
(660-6300)
1200
(340-2000)
1800
400

Number of
persons

u 'Cs Mean
(Min-Max)
Bq

Measured in March,
1995

104

61

165
10

3500
(380-16 100)
1500
(70-3900)
2500
550
(160-1800)

Measured in March-April,
1995

68

22

90
7

2700
(580-6600)
1400
(420-3800)
2100
430
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In Finland the 137Cs body burdens measured during the spring of 1995 arc slightly lower than
those found during the previous autumn, while in Lovozero the opposite was found. The
difference between male and female body burdens is greater in Finland than in Russia.
Differences in the structure of the measured group may be the reason for the differences seen.
In Russia male reindeer herders spend most of their time in the tundra with the herds and are
not easily persuaded to come to Lovozero for monitoring. If the results for eight Finnish male
reindeer herders with body burdens > 7000 Bq (max. body burden in Lovozero 6600 Bq) are
omitted the mean spring body burdens for both groups would be about the same: 3000 and
2700 Bq, respectively.

137,The mean body burdens of Cs in male reindeer herders in Finnish Lapland and in the Kola
Peninsula during 1962-1995 are shown in Figure 3. The other caesium radioisotope, 134Cs,
which was present in the Chernoby fallout but not in the old bomb fallout, was found in small
quantities (>200 Bq) in 10 persons in Lovozero and in 27 of 165 persons monitored in Finnish
Lapland.

120

100

"5 60 •

1962 1972 1982 1992

Year

137,Figure 3. Mean Cs body burdens of male reindeer herders in Finnish Lapland and in the Kola
Peninsula from 1962 to 1995.
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For presentation at the International Conference on Environmental Radioactivity in the Arctic,
Oslo, Norway, August 21-26, 1995

A RADIOACTIVITY DATABASE AND RADIATION EXPOSURE ESTIMATE FOR
RESIDENTS OF THE CANADIAN ARCTIC

B L. Tracy M. L. Walsh
Radiation Protection Bureau Beak Consultants Limited
Health Canada 6302D1 Brampton, Ontario
Ottawa, Canada K1A 1C1 Canada L6T 5B7

As part of a national initiative to assess the health effects of contaminants in the Arctic region, we
have undertaken a study to review and integrate the diverse data on environmental radioactivity
levels in the area and to provide initial estimates of radiation doses from both natural and artificial
radioactivity to the inhabitants with particular emphasis on aboriginal communities. The findings
of the study will assist in identifying and prioritizing health issues as well as placing into context
potential health impacts from proposed radiological developments.

The primary objectives of the study were:
• To compile the existing data on radiation fields and radionuclide concentrations into a

coherent database
• To estimate the current annual doses to residents of selected Arctic communities with

emphasis on the aboriginal population
• To identify gaps in the data that result in significant uncertainties in the dose estimations.

The scope of the study included all of Canada north of 60 degrees latitude as well as northern
Quebec and Labrador. This is a vast region of over five million km2 with a human population of
scarcely 100,000 comprised mainly of aboriginal groups - the Inuit ("Eskimos"), the Dene (a
grouping of North American Indian tribes), and the Metis (of partial aboriginal origin). Many of
these people still rely on traditional hunting and fishing activities for a major portion of their food
supply. They are particularly vulnerable to the effects of contaminates in the environment.

In order to give an accurate picture of current radiation levels in the Arctic, the database
incorporated only those measurements conducted since 1988. After this time the effects of
atmospheric testing of nuclear weapons and of the Chernobyl accident on the Canadian Arctic
were minimal. The four general categories of data used to compile the database were commercial
databases, the in-house database of BEAK Consultants, monitoring data available at Health
Canada, and data from individual scientists and laboratories across Canada.

The database was set up as a Microsoft Excel 5.0 spreadsheet. It contained 6,689 records,
divided into five categories:
• external gamma dose rates (33 records)
• aerosols, radon and precipitation (1051 records)
• water, sediments, soil and non-edible vegetation (767 records)
• mammals, birds, fish, and edible vegetation (3647 records)
• human measurements (1191 records).
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The measurements tended to exhibit wide variability. Distribution analysis demonstrated, that
although the majority of radionuclide concentrations fit reasonably well to lognormal or normal
distributions, there were a number of cases for which this did not hold. The study also revealed
that for food chain pathways, there is a paucity of data for radionuclide concentrations in small
game and edible vegetation. In addition there is no information regarding the levels of Po-210 in
marine mammals. The data on indoor radon in the area of study were also inadequate.

Five aborigina] or First Nation communities were selected to study radiation exposure patterns —
three Inuit and two Indian. The dietary habits of the communities differ significantly, with the
consumption of caribou, marine mammals, fish and small game varying among communities.
Three populations were considered in each community; the adult with a mixed diet of traditional
and commercially available foods (based on a Health Canada dietary survey), the one-year old
child, and an adult member of a critical group whose diet consisted almost entirely of traditional
or "country" foods. As a reference point, dose calculations were also performed for a non-native
residents of the city of Yellowknife, whose diet was assumed to consist entirely of commercially
available foods. Dose conversion factors for inhalation and ingestion were taken from the latest
available international recommendations, largely based on values in NRPB-R245 (1) or ICRP
Publication 67 (2).

The estimates of dose for each group in the six communities are shown in Fig. 1. Comparisons of
the aboriginal doses with those of Yellowknife demonstrate the marked impact of dietary habits of
the First Nation communities. Fig. 2 shows the relative contributions of the different
radionuclides to the pooled aboriginal results and to the Yellowknife results. One single
radionuclide — Po-210 - is contributing 57 to 72 % of the aboriginal dose. This is due almost
entirely to the ingestion pathway and to one particular food chain, lichen — > caribou — >
humans. By contrast, a large part of the dose in Yellowknife is due to external radiation (cosmic
and terrestrial gamma rays).

These results indicate dose rates in some aboriginal communities in excess of 10 mSv/year,
substantially higher than the 2 to 3 mSv/year for most Canadians. These dose estimates, however,
must be regarded as preliminary. There are important sources of uncertainty including significant
gaps in the radiological monitoring database, inconsistencies in the information of dietary
quantities and components of aboriginal diets, particularly for children, and possible
inappropriateness of applying standard dose conversion factors to Arctic circumstances. It should
also be recognized that the large contribution to the total dose from Po-210 arises partly from the
recent recommendations of ICRP Publication 67 (2), in which the dose conversion factor for this
radionuclide has increased substantially over previously recommended values. Notwithstanding,
the dose estimates provide an indication of possible elevated exposures to aboriginal communities
compared to the general Canadian population and the need for further investigation in this area.

1. Phipps, A. W., Kendall, G. M, Stather, J. W. and Fell, T. P. Committed Equivalent Organ
Doses and Committed Effective Doses from Intakes of Radionuclides, National Radiological
Protection Board, NRPB-R245, 1991.

2. International Commission on Radiological Protection. Age-dependent Doses to Members of
the Public from Intake of Radionuclides: Part 2, Ingestion Dose Coefficients, ICRP Publication
67, Pergamon, Oxford, 1994.
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FIGURE 1.
ANNUAL DOSE TO ARCTIC RESIDENTS
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FIGURE 2. Percentage Contribution to Annual Dose
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RADIOECOLO&ICftL SITUATION ftND HEALTH STATUS OF HA7IUE
POPULATION IN THE FAR EAST OF RUSSIAN ARCTIC.

Miretskiy S.I., Lebedev Q.8.. K.oaarov E.I.. Popov R.O.. Raszaev P.U.

Research Institute of Radiation Hygiene, St.-Petersburg
Canter of sanitary-epideaioiogicai surveiiance. Anadir. Chukotka

The geocheaicai structure of Chukotka Curaniui deposits in ths
Morth-East). nuclear installations (Bilibinskaja atoiic poaer plant.
Navy and nuclear ice-breakers activities), peculiarities of fcodchain
"Iichen---rsindesr-aan'. require radioecoiogical asssssaent of the regi
on. The subregional variability of the tortaluy ana cancer rates
should also be considered for the health status investigations (Fig.i

Radon studies preliminary data at the settlements on pea coast
fros Anadir towards North indicate, that the concentaticn of radon in
duellings as a rule yas higher in ens Notnerh zone' S—15 Sn/s for fi'M
dir and 100—400 Bq/a in Providenija and Lavrentija setiiesents. The
" la) rihirip" otfacf n f nr'f i;ip TifiniiiaT inn anrf. i i U T »nf P? h ^ C rippn r p i • p

aled also - sortality and cancer levels ars higher in the North
(r - +0.75). It is suggested, that either cliiaUc conditions or the
intensity of radiation factor detenine this effect. He tried co find
out, if the cancer spreading among the aborigines has been influenced
by the heightened guntity of globa^ cesium-137 anu strontiua-90 yhich
e m g r into their organisis through food chain (Fig.2), and if the ef-
fectiveness of siall radiation exrosures is comparable aith solar ra
diation or does it not. on the regularities of genrai aortality dina-
ialcs and the aortaiity froat cancer (A.L.Chigevskly, 1932). It tarns-i
out that the registered level of aan-aade radioactivty are indiffersrv
yitn respect to these processes (Fig.3).

The correlation of Chukotka population health indices with flue.:
ations of solar activity indicates possible iiportance of the ecsale
radiation factor, as well as hypothesis on the radiation base of ens
life duration code aechaniss. There it is: average length of huaan il-

70 years, average body weight - 70 kg/, 7xiCls cells of the organism
- > r a s v n n i : p . i f n i n f ! n p r s r o p f * " ' f! . ^ l n h . ^ - / f i x ' n h c r . T - n . i r r i r i J < ; . ^ n r i

0* 10fl> gaasa -strikes. So, taking Into account the p a n of nondividinq
ceils and intensity of restoration processes, the duration of huaian
life in conditions of natural background is Halted by one century
(4- sose years). This aodel correspond to the creationist aodei of glo-
bal catastrophe. One of its consequence was the shortening longet-ivit
of the life at iany times. (H.M.Morris. 1991).
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F i R. i Areas of higher r a d i a t i o n r i s k on Cnukotka '.

A
O

- places of atomic ships stand
- uranium geochssiical provinces
- Silibinckaja atonic poyer plant
- settlements of native inhabitants, where cancer

sortatity risk is the highest (300-400 cases
per 100.000 for population)
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The Bellona Foundation
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Telephone: ... 47 - 22 38 24 10
Telefax: ... 47 - 22 38 38 62

Extended abstract:

The reprocessing of spent nuclear fuel in Siberia
Nils Behmer, The Bellona Fondation

Spent fuel from nuclear reactors is viewed as a resource rather than as waste in Russia
The fuel is transported by rail from nuclear power plants to the reprocessing facilities in
Siberia. Due to the present economic and political situation in Russia, both the Northern
Fleet and Murmansk Shipping Company have experienced significant difficulties in
transporting their spent fuel to the reprocessing plants Subsequently, spent nuclear fuel
has been piling up at the various naval bases on the Kola Peninsula.

The reprocessing of spent nuclear fuel leads to an increase in the volume of radioactive
waste, and much of this waste is liquid. There are large amounts of waste stored at the
three facilities in Siberia, and the process has led to the contamination of large areas.
The locations of the three reprocessing facilities are shown on the map.

Mayak Chemical Combine in Ozersk

There used to be five graphite-moderated military reactors and a heavy-water reactor in
operation at Mayak Chemical Combine for the production of weapons-grade plutonium.
All of them are now inactive. There is still a reprocessing facility for spent civilian
nuclear fuel, and this facility remains in operation.

The environs around the facility (which is now producing plutonium for civilian uses)
have been significantly contaminated as a result of inadvertent releases and accidents. In
the period between 1948 and 1958 radioactive waste was routinely released to the River
Techa and to Lake Karachay. The 1957 Kyshtym accident in which there was an
explosion in a storage tank, and the 1967 drying up of Lake Karachay which led to the
transport of radioactive sediments with the wind, are accidents that have led to
radioactive contamination of a river system that eventually flows out into the River Ob.

Liquid radioactive waste continues to be released into Lake Karachay where the total
activity is 4.4 million TBq (120 million Ci). There are over 37 million TBq (one billion
Ci) altogether of long-lived radionuclides stored at Mayak.

Siberian Chemical Combine in Seversk (Tomsk-7)
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There used to be five reactors in service for the production of weapons-grade plutonium,
but only two remain in operation. The combine also includes a reprocessing facility to
produce uranium and plutonium for nuclear weapons, as well as an enrichment facility.

Forty million cubic meters of liquid waste with an activity of nearly 40 million TBq (1.1
billion Ci) have been pumped down into the ground as a consequence of the production
of military plutonium. Furthermore, there are two storage pools on the surface with a
total activity of 4.7 million TBq (126 million Ci) In April 1993, a storage tank
containing high-level radioactive waste exploded at the facility. This explosion led to the
release of 4.3 TBq (115 Ci) of long-lived radionuclides.

Mining and Chemical Combine in Zheieznogorsk (Krasnoyarsk-26)

The entire facility for the production of materials for nuclear weapons at the Mining and
Chemical Combine lies well shielded 250 to 300 meters underground. The main part of
the facility consists of three reactors dedicated to the production of plutonium (only one
is operational at the present time) and a reprocessing plant for spent nuclear fuel. Up
until 1991, the cooling water from the two presently inactive reactors was released
directly into the River Yenisey. Radioactivity has been detected as far as 500 km further
downstream.

In 1985 construction began on RT-2, a new reprocessing facility. Building ceased in
1989 due to economic problems and political opposition at the local level. Attempts are
now being made to secure financing from abroad by accepting foreign spent nuclear fuel
for reprocessing. Zheieznogorsk also has one of the world's largest storage facilities for
spent nuclear fuel. It has a capacity of 12 000 containers of spent nuclear fuel, and at
present, there are 3 000 containers stored there

Fourteen million cubic meters of liquid waste with an activity of 26 million TBq
(700 million Ci) have been pumped down into the ground at Zheieznogorsk.

According to the Yablokov report, it has been estimated that in the period from 1961 to
1989, the rivers Ob and Yenisey have transported at least 1 100 TBq (30 000 Ci) into the
Kara Sea.
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Primary Results ot Feasibility Study on Asessment of Actual
and Potential Radioecologic Situation Caused by

Radioactive Wastes in the Seas Surrounding the Territory of
the Russian Federation"

(Based on materials of Phase I of Project # 101-95,1STC).

S.A.Lavkovsky
V.N.Lystsov

V.N.Vavilkin

!n Aprn-September 1995 in accordance with the Agreement between the
Science and Technology Ceniei, ISTC, Moscow and Laiuiit Central

(NLdui> Novgorod) Phase 1 of Project 101 has been eveeuted

The phase idle is " Feasibility (Preliminary) Study w Assess the Actual and
foiemiai Kadioecologic Situation Caused by Kadioactive waetes in Seas
Sumumilirig Jht- TrrriUiry i»f I hi: Russian FrjierHiittri."

The purposes of project 101 are:
1 F.wahlishmrnt nf thr rr»mpiifrri7rrt rb«Mhflw nf tbr »*itisting and pntrntiat vmrrrs

nf rariinariivr rnrnnminnunn nf th^ s^fls and the rnvirnnmrni in th** arras nf thr\r
sources;

2.C'alculaiion models of radionucilde releases from the sources and their
iui&i'<iiioft into the environment;

3. Assessment of radiecological risk;
4.11evflupmerit and lechnic'Kl "arid-economic jinalykifc of prupuvalv for

rt:haliilitaltuii i»f MHitri^ uf rHiliiMclivr rtiritomiimlion uf MVIS:
S.IrirnrificaTion nf priorities and issue of proposals to governmental agencies nf the

RF and international organizations for elaboration of solutions and programs to
prevent dangerous ucologic situations at sea.

in brief. I he lasio or 1'tiase 1 can be suited in the following way:
-identify the project location among other projects and programs dedicated to

the subject which arc currently underway;
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-Demonstrate that the project does not duplicate other works and that its strong
poifll is availability of information from the original sources;

-Demonstrate on specific examples how the computer data base will look like-,
-Offer optimum ways to conserve nuclear reactors; of decommissioned

submarines.

Careful Mudy of Hie current state of affairs on the scoic enables lu make a
conclusion that in spite of the fad thai (here is a ujn=>Jdi;i able nuuibci of works un

and a high quality of demonstration material which is characteristic
ly «>f Wc&lcrn programs . ihc initial data arc tak.cn mostly frum the open (un-

ciassitiea) sorces ana suffer from inaccuracies, l- or instance, cruises executed wiin
participalion of Scvtnorgonlogia oxptTts drmonsiraicd thai ft number of dumped
ohj«*cts are difficult and sometimes even impos-sihle in rind with rhe help of the White
Book.

True information is to be taken from the original sources.That is why ihe list of
major project participants includes: (See the slide)

-OKBM, NIKIET and Kurchatov Research Center which designed the reactors

and participated in their dumping;
-Cl )h La/.uril which designed nuclear submarines, carriers of (he nuclear

reactors and nuclear weapons;
-Typhoon Rocaicb & Production Association which possesses cnvirunnicTital

i\A\A , iniMiUVU rtf rSlrnlAlirti) Slid ilieASiiirnu-itl iif

Ai Pliasf I I jointly with partners from the industry and the Navy Laxurit will
study methods of nuclear submarine conservation.

The idea of the project was suggested by the nmerican company Perry

Technologies- This is the world leader in underwater robots. The company's

experience may hecome invaluable during conservation of nuclear submarines-

Resides that Perry Technologies helps establish links with Ihe american programs

and scientists, executed analysis and recommended Intergraph computer company

tor computer support of the project.
In accordance with the advice of Intergraph it is suggested TO UKC Windows-NT

us operational sy&iem compatible with hardware and software of future user*
working in DOS and Unix.
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For ihe Foasibilily Study Phase me following objects were identified for thr
Computer demonstration;

-Shielding assembly of Lenin nuclear ice-hreaker dumped near Novava Zemlya;
-Keartor of nuclear submarine, factory No. 421, dumped in Novaya Zemlya Bay

of ihr Kara Sea and
-Dtxommi.ssionrd rharli nuclear submarine (designed hy T azurit)

The next slides demonstrate respectively:
Scheme of Computer Data Base Functioning
and
Range and formar of informaiion in the Computerised datahase (taking

matciiab of TyplMion prpscnledby S. Vakuluvbky Dase.fl on Yenisey river data ai
no example).

Conclusions and Offers:

1. We believe thai future, users Of the database preseiU ai the conference ran issue
thtii iccummendations and proposals regarding compilation and completeness of
information enfrring the database.

Our purpose is to establish the most complete, inie and accessible for the most
wide rirrtr of users database. And we ali<tli be grateful for any assistance, advise
and support nf the project.

2. We aslo believe thai " Complex assesment of radiorrologic risk "executed at
Phase 11 (the primary executor is RRC Kuichainv institute) will enable lo estab-
lish priorities of rehabilitation works (primaf> executor is Mzurit) .optimum
solutions will be offered as far as the problem whirh makes the world audience
anxious , i.e. the problem of safe storage and dumping of reactor compartments of
decommissioned nuclear submarines is coiiccrned.
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the Computerized Database
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RADAM - Expendable gamma monitoring units for military and civil use

Ulf Roar Aakenes
Oceanographic Company of Norway (OCEANOR)

Pir-Senteret, 7005 Trondheim, Norway
e-mail: uaakenes@oceanor.no

Paper presented at the
INTERNATIONAL CONFERENCE ON ENVIRONMENTAL RADIOACTIVITY IN THE ARCTIC

Oslo Norway, August 21 th-25th, 1995

Abstract
This document describes the OCEANOR
sensor system for monitoring of
radioactivity, RADAM (RADioActivity
Monitoring). This sensor is selected as a
tool in the MEMbrain system (Major
Emergency Management), which is the
name of the EUREKA project EU904, a
crisis management system. The sensor can
be deployed using existing launch
equipment in P3-Orion aircraft, a Cessna,
a boat or similar. The sensor has its
internal computer and performs
measurements, analysis and data
transmissions via radio link, satellite or
cable. The sensor can operate as a drifting
unit or it can be self moored. It can be
deployed at remote sites (submerged),
equipped with external battery packages,
and it will store all measurements
internally.

1.0 Introduction To Sensor Principle

Appendix A is a hardcopy of an article
from Chemistry and Ecology, 1995,
Vol.10, pp 61-69, which describes the
sensor system, but for short:

For 'in situ' monitoring of radioactivity,
OCEANOR have developed RADAM, a
high sensitive 3"x3" Nal-scintillator based
sensor, with full spectrum analyzing unit.
Interfaced to a processing unit, an updated
Y-spectrum is obtained with preset
observation intervals. Together with
meteorological and oceanographic
information, a complete parameter set is
provided as an input to transport models.
The analyzing unit maintains the same
sensitivity and detection limit as is found in
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laboratory analysis using these scinrillators.
The principle can be used in surface or
deep waters, as a profiling unit, or in the
open air. It can also be left in the Arctic or
the Antarctic as a stand alone unit with
satellite communication. A special rugged
housing makes it possible for the
scintillator to cope with the impact from
extreme waves driven by hurricane wind
forces, in addition to high temperature
gradients during deployment and recovery.

1.1 Detection limit

Based on the RIS0 method for the lower
limit of detectability, and the number of
counts within the ROI of 137Cs, the
following results can be obtained:

P=4,65*(JC)/T
P - lower level of detectability
C - background counts within the ROI
T - counting time

24 hour spectrum integ.: 19 Bq/m3

7 days spectrum integ.: 7 Bq/m3

The longer integration time, the better
detection limit With this method we
obtain a level of confidence of 95 %,
which means that for 95 % of the time a
measured value as low as the 'lower limit
of detectability' will be significant The
RADAM system is calibrated for detection
of 137Cs because this is the largest
contributor to radioactive pollution. Any
other y-emitter can be used as a
calibration source.



1.2 Test site results

Moored buoys with y-ray surveillance
instruments are deployed at several
locations along the Norwegian coast and
in Thailand. In the Barents Sea, a
SEAWATCH buoy with RADAM has
been deployed at Shtockmanovskoye
(N73.011, E43.837), since November
1991. Torbj0rnskjaer (N58.976, El 0.709)
in the Oslo Fjord is also one location
where we have monitored y-activity over a
longer period. During three months of this
period we have taken more than 20 water

samples. The following graph (figure 1)
presents the result of 137Cs surveillance
from our test site during a period of 10
weeks from 22/3-93. The graph presents
results from the RADAM monitoring
together with the results from water
sample analysis.

This test shows the advantage of
monitoring vs. sampling, and proves the
validity of this method.

Concentration of 137-Csat Torbjernskicer (N58.976, E10.709) 22.03.93 - 30.05.93
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Figure 1: Monitoring vs. sampling.

2.0 MONITORING

2.1 Emergency situations

We can easily imagine situations where the
need for hasty and cost effective
deployment of monitoring equipment is
necessary. In case of an accident we need
immediate information about the
discharge. Questions like; Is radioactive
materials included in the discharge, what
nuclides are present, what about
concentration levels, needs precise
answers.

The discharge may be at sites we expect to
be dangerous to man, or it may be far out
in the sea where a deployment cruise will
be costly and time consuming. A sample

from the investigated site has to be
transported back to a laboratory and
analyzed, thus important time is lost

If we remember the Comsomolets accident
in the Barents sea, a water sample were
taken by a vessel and transported to shore
in the north of Norway, an F16 military
aircraft transported the water sample to
the laboratory south in Norway, where the
answer could be made.

It is obvious that if an airplane or an
helicopter could deploy monitoring
equipment at the emergency site, vital
information can be obtained in real time,
and used as important decision support.
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2.2 Surveillance

BKG: If we want to know the background
radiation (BKG) for a location, we have to
know the natural variations for the
investigated nuclide at this location. We
know that the concentrations can vary with
a magnitude of 4 - 5 from one week to
another. Like we do with temperature
measurements, we have to monitor
radioactivity levels over longer periods to
be able to specify the BKG. This problem
is discussed in appendix A.

23 Warning Systems

If we want surveillance in order to be
notified in case of a leakage, we have to
perform continuos monitoring with short
integration intervals.

The RADAM sensor is designed to serve
these needs.

2.4 P3- Orion launch

In emergency situations the need for
operational systems is urgent. One existing
operational unit is the Orion Squadron's
within each country. In Norway
represented by the 333 Squadron at
And0ya Air Station. The P3-Orion
airplanes have launch systems for
temperature and sonar systems. Based on
height, speed, wind, sensor weight and
descend rate, the airplane computers
accomplish automatically discharge of the
sensors. With impressive accuracy the
sensors are deployed at the specified 'hit
point'. By designing radioactivity
emergency sensors to fit existing launch
systems, they are far more applicable. And
of course, you don't need an Orion to
deploy the sensor. A Cessna, a rowing
boat or a bicycle will do.

Using Orion, the sensor equipment are
implemented in a launch tube and
discharged backwards in order to eliminate
the speed of the aircraft. Immediately after
discharge, a steering parachute opens, and
the sensor falls to the sea surface with a
speed next to its free fall speed. However,
a scintillator sensor can not be exposed to
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the same impacts during a launch
operations as can be done with a
temperature sensor. The deceleration from
the speed of the aircraft is the first
challenge, and the impact as it hits the sea
surface is the other. Different techniques
had to be developed in order to soften up
these impacts.

2.5 Self Contained

To be able to operate as a 'standalone unit',
our computer GENI, had to be
miniaturized into a MiniGENI, the
measurements had to be temperature
compensated and implementation of a
satellite link or radio link (or both) was
necessary. Since we expect that these
sensors will be used where the
concentrations are higher than the natural
background, and in order to make the
sensors more expendable, we have used
2"x2" scintilators. Any size scintillator can
be used.

Our work has resulted in three new
versions of RADAM in addition to the
original sensor version.

1 RADAM 3LD (Launch Drifting)
2 RADAM 3LM (Launch Mooring)
3 RADAM 3S (Standalone)

The RADAM 3LD is a unit that can be
launched from P3-Orion aircraft's, it has a
dummy nose and will operate as a drifting
instrument.

The RADAM 3LM, also Orion launch, has
a self mooring system as nose. The
mooring system operates as detector
protection during deployment, and will be
released when the unit hits the sea surface.

The RADAM 3S (Standalone) is a
handhold unit that can be easily
transported and left at site since the weight
is only 6 kg. Data will then be transmitted
by radio link to a base station.



2.6 RADAM 3(LD, LM and S)

2.6.1 Computer

The MiniGeni has the size of a credit card,
runs with a real time operative system,
and is programmed in C++. The processor
is a 12 MHz 8OC188, it has 2 serial, 6
digital and 4 analogue (16 bit resolution)
input. It has 2-4 Mbytes flashprom, which
enables several years of storage capacity.
It can be deployed at remote sites (sea
bottom), and recovered next year with
internal storage from the complete period.
Dependent of number of A/D conversions,
the power consumption is from 1-200
mW.

2.6.2 Peak detection

Gamma incidents occurs as voltage peaks
at the photomultiplier output. To be able
to detect and classify these peaks we have
developed a very rapid peak detection
card. The max detection rise time is 50
V/|as. When an incident occurs, the card
latches the pulse until the computer have
detected its energy level and incremented
the correct channel number. This
operation takes less time than it takes for
the peak pulse to return to zero.

2.6.3 Functionality

The analyzing unit hardware consists of
the peak detection card and the computer
card (figure 2). They are both integrated
in the sensor and thus analogue pathways
are avoided. The sensor functionality is
implemented in the computer software.
Nal scintillators needs stabile temperature
conditions during it's measuring interval
in order to maintain it's energy
calibration. It is difficult to obtain stabile
temperature when we operate 'in situ' in
the sea. Consequently, the sensor is
equipped with a temperature controlled
gain loop. The internal temperature sensor
supplies input to a gain controller, and
from temperature calibrated sensor
characteristics, we are able to eliminate
the effects of temperature variations.

Photo
multiplier

fte-
ompgfer

, Analyser board
I - -Com

port

Computer board

Figure 2: Analyzer hardware

2.6.4 Data transmission

The internal computer has two serial
ports. One are used for data transmission.
If desired, cable can be used, but the
sensor is normally equipped with an
Argos or an UHF link. The capacity of the
Argos link is 32 bytes per message, and
under normal circumstances this means 32
bytes per day. We have developed
compression and transmission techniques
that enables transmission of a full
spectrum (416 byte) during one satellite
passage. For our UHF link, there is no
limitations as found in Argos. The
transmission rate is 1200 baud half
duplex, and the coverage is around 50 km.

Since the sensor has an internal computer,
the spectrum analyzing can be done before
transmission. The sensor can easily
calculate Z Gamma, 137Cs concentration
(or other interesting nuclides), and
investigate for detection of other nuclides
(NuclideWatch), thus transmitting only
compressed information.

2.6.5 Analyzing

If the spectrum is transmitted, an
analyzing program is available for
investigation of the measurements. This
program produce £ Gamma, 214Bi
detection, estimates 214Bi concentration,
correction of 214Bi within "7Cs region,
n7Cs concentration, *°K concentration, and
can be adapted to calculate for other
nuclides. These calculations will also be
performed internally in the sensor.

2.6.6 Setup facilities

During power up sequence the user can
select different operational modes. Test
mode, calibration mode with spectrum
dump, wait before measure, monitoring
mode with preset of measuring interval
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and observation interval, clock settings
and wake up criteria.

2.6.7 Battery capacity

The RADAM 3LM is equipped with
power for 2-3 days. RADAM 3LD has
power for 1-2 weeks The RADAM 3S can
be supplied with power from an external
power box. The external units are
available with steps of 107 Ah Lithium
power. The overall power consumption is
1 W.

2.6.8 Drifting or self moored

In some applications we need a drifting
instrument. It can be a discharge in the sea
or a river, and we want the sensor to drift
with the water mass. The RADAM 3LD
can be supplied with a 'current anchor' to
follow a desired depth in the sea.

In other applications we want to
surveillance a dedicated location.
RADAM 3LM is supplied with a self
mooring system. The sensor nose contains
an anchor and a mooring line (up to 300
meters) that will be released by the impact
obtained when the sensor hits the water
surface.

2.6.9 Materials

Different requirements for the selections
of the material are also of importance.
Launched from 5000 meter height a cold
winter day, the housing shall maintain it's
elasticity during the temperatures it will
be exposed to during the launch and the
temperature gradient as it hits the water.
Materials have carefully been selected in
order to obtain correct strength,
functionality and center of gravitation.

Figure 3 shows a principle sketch of the
RADAM 3LM unit.

2.6.10 Tests

The sensors have been launch tested at the
333 Squadron at And0ya in Norway, and
have received classifications from
Norwegian Air Force. Figure 4 shows the
launch principle.
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3.0 Summary

PRODUCT

RADAM 3

MiniGeni

RADAM3S

RADAM 3LD

RADAM 3LM

DESCRIPTION

- 3"x3" Nal
- 2007 Preamplifier
- Peak analyzer
- MiniGeni
- Gisma Bulkhead
- Gisma Connector
- POM housing

- 2 RS232/RS485
- 2-4 Mbytes Flashprom
- 6 Digital I/O
- 4 Analog 1 (16 bit)
as RADAM 3 with
- Standalone
- ext. battery package a 107 Ah
- satellite or radio link
- 2" or 3" scintillator
- 6 kg + battery

as RADAM 3 with
- Parachute Launch
- PE Launch tube
- Dummy nose (Drifting unit)
- 2-3 days battery capacity
like RADAM 3 with
- Parachute Launch,
- PE Launch tube
- Anchor nose (self Moored)
- 2-3 days battery capacity

Functionality:
RADAM3
RADAM 3S
RADAM 3LD
RADAM 3LM

Argosl

Argos5

UHF/VHF

Cable
Analyzing tool

Pres. tools
Calibration

- Full spectrum integration
- Continuos temperature cor.
- Normalizing
- Digital signal pathway
- Distributed intelligence
- NuclideWatch
- Setup program
- Test program
- Calibration program

1 PTT#, 13 messages = 1
spectrum
1 spectrum each day
5 PTT#, 13 messages = 1
spectrum
1 spectrum pr. satellite passage
-1200 baud
- Duplex
- Range 50 km
- Remote control
Standard cable or towing cable
- Z Gamma
- 214Bi detection
- Correction of 2l4Bi within
l37Cs
- 137Cs Concentration
- 40K Concentration
- Estimate 2"Bi concentration

ENVIS.Oceanlnfo
Calibration of WK
Calibration of "7Cs
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Figure 3: A principle sketch of the RADAM 3LM unit.
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Airborne Activity Measurement in the Norwegian and Barents Sea

Thor Engoy and Arne Lillegraven
Norwegian Defence Research Establishment
P.O. Box 25
N-2007 Kjeller
Norway

One of the main potential sources of radioactive contamination of the region bordering
the Barents Sea is the large number of nuclear reactors on board naval vessels and
icebreakers. The first impact upon the surroundings from a reactor accident may be a
release of radioactivity to the sea and atmosphere. If substantial, the latter is the most
serious one if the combination of wind direction, population and precipitation and areas are
unfavourable. In addition there is a risk of having such a vessel grounded ashore as
illustrated by the number of towed ships that have ended up as wrecks along the coast of
Norway.

P 3N Orion surveillance planes are regularly used in the Norwegian and Barents Sea to
identify nationality and type of vessels trafficking these waters. The Norwegian Ministry
of Fisheries also uses these aeroplanes in the surveillance of fishing within Norway's 200
nautical mile economic zone and other sea areas of interest. A typical flight is shown in
figure 1.

The 1989 nuclear submarine accidents made it clear that a nationally controlled and
routinely based monitoring system was needed; the issue of warning to neighbouring
states has sometimes been less than satisfactory. Subsequently the Royal Norwegian Air
Force was charged with the task of equipping two of the existing P 3Ns with instruments
to detect this type of accident

One system is now operational in which on-line gamma detection as well as passive air-
filtering is being used. A 16 litre Nal detector of an Explorianium 256 channel
spectrometer is mounted below deck The spectra are recorded along with radar altitude
(below 5000 feet) and position from the aeroplane instruments once every second. A
preliminary calibration of the gamma spectrometer has been performed with point sources
(137Cs) on the ground. The air filter is presently analysed at the Norwegian Defence
Research Establishment. A sketch of the plane mounted measurement system is seen in
figure 2.

The visible or invisible plume from a significant source, e.g. from a burning nuclear-
powered vessel, can be detected at a distance, and possibly traversed and checked for
radioactive particles. Analyses on ground of the filter could indicate the nature of the
accident and possibly the type of reactor. Other uses are detection of surface activity on
ships and land areas, e.g. in the event of radioactive fallout from nuclear reactor accidents
or nuclear explosions in the atmosphere

So far during the testing period only background radiation has been observed. The
background level of the spectrometer over sea is about an order of magnitude less than
background over land.
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Future developments

Transducers for pressure and temperature will be used to estimate height above sea level
above the radar height limit and to correct the values of filtered air mass.
It would be desirable to decide on board, e.g. by a Geigercounter looking at the filter,
whether activity is collected when doing a search near a possible source of air activity. It
is also being considered to make the system portable to other platforms.
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Figure 1. Typical flight for a P 3N surveillance plane. Circling takes place where vessels
are observed.
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Anomalous 1-129 Concentrations in Arctic Air Samples
L.R. Kilius, X-L.Zhao, IsoTrace Lab, University of Toronto

L.A.Barrie, Environment Atmospheric Service

Within the Arctic region, air is typically monitored for stable elements [Vil] (Al,
SO4, Cl, V, Br, Na, I etc) that are valuable as tracers of pollution over the Arctic
region and studies of air mass dynamics or air mass interactions between oceans and
the terrestrial environment. Radioisotopes such as 1M-137Cs, 210Pb, or 7>10Be [Dil]
from anthropogenic releases, decay of naturally occuring radioisotopes or cosmogenic
production have also been studied in some detail. Consequently a large collection of
archived air filter samples has been available from which we can study the distribution
and transport of some longer lived radio isotopes, in particular 129I. 129I (16 Ma) can
provide a permanent record of the origin or source of isotopic disturbances from which
to trace transport pathways into the Arctic.

A series of archived air filter samples spanning May 1981 to Jan. 1983 was selected
from a station at Mould Bay on Prince Patrick Island, Canada and a more limited set
spanning Jan.-Feb. of 1982 was obtained from Alert on Ellesmere Island. Total iodine
content was obtained from previous INAA measurements [Stl] on separate portions.
The detection and measurement of l29I in air filter samples has only become possible
recently due to the development of Accelerator Mass Spectrometry (AMS). Even with
high volume air sampling (2-3000 m3), the filter samples were found to contain an
average of 1.4 fig of total iodine. We therefor anticipated that after the addition of the
requisite 5-10 mg of 12 'I carrier, samples with isotopic ratios below the expected fallout
signal of 1O"10 129I/127I would be near the detection limit of 10~14 for AMS and therefor
would be difficult to detect. The measured 129I levels in the Arctic air were unexpected
and exceeded this limit by several oders of magnitude.

The measured distribution of 129I concentrations in atoms/m3 is illustrated for
Mould Bay in figure 1. A pulse of 129I is clearly present beginning in Jan.-Feb. of
1982. There is also tentative evidence that repetitive cycling of 129I may be present as
a subsequent increase in 129I concentration begins to occur in the early part of 1983.
Additional measurements over a longer time span will be required to confirm this ob-
servation.

When converted to an 129I/127I ratio, the peak value of 2.0xl0~6 is substantially
greater than any ratio measured at present in Arctic seawater, figure 2. An enhance-
ment above the local seawater iodine ratio is also noted for the yearly averaged ratio
(987xlO~10) at times not related to the occurence of the l29I pulse. A similar pulse of
129I is observed at Alert although at a reduced intensity.

At present there is no definitive source for the observed 129I anomaly. Correlations
cannot be established with known nuclear weapons tests or accidental releases of ra-
dioactivity. Isotopic ratios comparable to or in excess of the Mould Bay measurements
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are found only near reprocessing facilities such as those at Sellafield, UK [Rul] or Cap la
Hague, France and suggest these regions are the most probable sources. This hypothesis
is substantiated in part by "back trajectory" calculations that indicate the occurrence
of meridional surges during this time period[Oll]. These calculations can be extrapo-
lated towards the western European coastal region near Sellafield and Cap la Hague.
However as measurements within the FSU interior have not made, sources related to
previous nuclear accidents such as those near Chelybinsk, Russia cannot be excluded at
this time.

Measurements were also made on lichens obtained from the northern tip of Norway
near Kirkenes. The iodine isotopic ratio from these lichens (937xlO~10) is remarkably
similar to the base iodine levels measured at Mould Bay (987xlO~10) and may indicate
some connection with Sellafield/la Hague by way of the Scandinavian land mass.

Figure 1. The measured 129I concentrations are plotted for the time period May 1991
to Jan. 1993, (solid line). Backgrounds as measured in blank filter paper or processing
blanks are plotted as well, (dotted line).

Figure 2. A representative field of 129I/12 'I ratios is illustrated in this polar view
of the Arctic region for air/terrestrial and seawater samples. Ratios within circles were
estimated from measured 129I concentrations and a constant 12'I concentration of 46
ppb.
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Hypothetical doses from ingestion of marine products

contaminated with plutonium in an arctic

environment.

Asker Aarkrog, Rise National Laboratory

DK-4000 Roskilde, Denmark

Introduction

On 21 January 1968 a B-52 aircraft from the US Strategic Air Command attempted an

emergency landing at Thule AirBase after a fire on board in the electrical system. The aircraft

struck the sea-ice 11 km west of Thule AirBase (73°31'3N, 69°17'4W). The B-52

disintegrated from impact, explosion and fire. The aircraft carried four nuclear weapons,

which were destroyed by the impact, because the conventional high explosive surrounding the

nuclear material in the unarmed bombs detonated.

Source term

The accident resulted in an environmental dispersion of plutonium. Most of it (3.2+0.6 kg

or 8 T Bq 239-240Pu) was found on the sea ice within a dropshaped area of 700x150 m2, (Risa

Report 213 (1970)). According to recent information from the U.S. Dept. of Energy the total

amount of plutonium in the nuclear weapons at Thule was 6 kg or 15 T Bq 239i240Pu. The

remaining plutonium was to be found mainly on aircraft and weapon debris and on the bottom

of Bylot Sound. Some plutonium was also carried aloft in the cloud from the explosion and

fire and dispersed regionally or even globally by the prevailing meteorological conditions.

The rest off Thule AirBase (about 1 T Bq 239-240pu or 0.5 kg) is still found in the marine

sediments of Bylot Sound. (Aarkrog (1977), Aarkrog et al (1984), Aarkrog et al (1987)).

This plutonium is the main source of Pu contamination of the marine biosphere at Thule.

Global fallout is the other source, however, it contributes only about 3%o to the Pu

contamination of Bylot Sound. (Aarkrog (1971)).
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Sampling of biota

The first systematic sampling of biota after the Thule accident took place in the summer of

1968. Since then biota has been collected in 1970, 1974, 1979 and in 1984 and the results

have been reported in (Rise Report No 213, (1970)), Aarkrog (1971), Aarkrog (1977),

Aarkrog et al (1984) and Aarkrog et al (1987)).

Time trend of the activity in biota

The decrease with time (T years since the accident) of the plutonium concentrations

(y Bq kg"l
fre3hweighi) measured in biological samples collected at Thule since 1968 has been

described by a power function:

y = e 'T"

The following values of a and b (+ 1SD) was determined for the various samples of biota.

Bivalves flesh : a = 1.02 ± 0.31 ; b = -0.75 ± 0.25

Shrimps : a = 1.06 ± 0.34 ; b = -1.46 + 0.32

Fish : a = -1.02 ± 0.22 ; b = -1.29 ± 0.20

Seabirds : a = -2.97 ± 0.08 ; b = -0.62 ± 0.07

Seal and walrus : a = -3.50 ± 0.52 ; b = -0.76 + 0.46

Not all regressions were significant and deviations from regression were observed too.

Nevertheless the above expressions were used as the best way to obtain an estimate of the

doses from a possible consumption of marine products from Thule.

Dose calculations

The doses from a possible consumption of the biota from Thule were calculated from the

above shown regressions for the five sample types. In order to obtain the integrated M924OPu

intake over a given period the power function was integrated over the period and the time

integrated activity (Bq kg"1 y) was multiplied by the annual individual consumption (kg y"1)

of the product. The number of Bq was then multiplied by the dose factor 0.95 /tSv pr. Bq

239.240pu ̂ j j ^g £QSe cornmitment for consumption of the product over the given period was

calculated.

A calculation of the total impact from consumption of biota of the plutonium deposited in

Bylot Sound from the Thule accident may also be estimated. In this case the power functions

are integrated from 0.5 to the time (A), when the decay according to the power function

becomes more slowly than the radioactive decay of plutonium. From then the activity is
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supposed to follow the decay of plutonium and the exponential equation is integrated infinity:

$5 e* Tb dT + ft e' A" e" ' ^ ' d T

where T is the number of years since the accident in 1968, when T=0.5 , and A is the

number of years elapsing before the power function Tb starts to decay more slowly than the

radioactive decay of "'Pu, which has a halflife of 24000 years.

Table 1 summarize the calculated doses from consumption of 1 kg per year of each of the 5

species analysed over the years since 1968 until now (1995).

L Dose commitments from annual intakes of 1 kg of marine products

contaminated by 239240Pu from the Thule accident.

1968 - 1995
Sample

Bivalves

Shrimps

Fish

Seabirds

Seal & walrus

A*Sv

7

15

1

0.2

0.4

If we assume annual individual intakes from Bylot Sound of 5 kg bivalves, 5 kg shrimps, 25

kg fish, 5 kg seabirds and 30 kg seal and walrus the dose commitment from this consumption

until now (1995) becomes 143/tSv corresponding to the dose received in 3 weeks from the

background radiation, i.e. insignificant from a health point of view.

In table 2 estimates of the total dose commitment from ingestion of 239>240Pu from the Thule

accident is given.
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Table 2. Total dose commitment since 1968 from annual intakes of 1 kg of marine

products contaminated by 239-24OPu from the Thule accident.

Sample
Bivalves

Shrimps

Fish

Seabirds

Seal & walrus

nSv
102

1O1

10°

101

10°

(estimated 1SD range)
101 - 103

5 - 2 0

1 - 3

5 - 2 0

10'- 102

The above dose calculations are biased to the high side, because bivalves, shrimps and fish

not to any significant extent are caught from the deep waters of Bylot Sound, where most of

the plutonium contamination is found. However, even if the seafood was derived from all

parts of Bylot Sound the doses from this source would be insignificant compared to the dose

received from the natural background radiation.

The dose from

In 1968 the ratio 241Am/239-240Pu was 0.05 (Aarkrog et al, 1984). Since then the ratio has

increased to about 0.15, but the239240Pu levels in biota have since 1968 decreased by typically

an order of magnitude. The dose factor for 241Am is 0.98 jtSv Bq~' i.e. nearly the same as for

239.240pu j n 5 i v a ] v e s and shrimps the 241Am/239-240Pu is about twice that in the marine

sediments. Hence, if the annual individual consumptions of the various products are the same

as suggested above the dose commitment from 241Am in marine products from Bylot Sound

consumed 1968-1995 is in the order of 10/xSv, i.e. an order of magnitude less than the dose

from 239240Pu.
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The radioecological consequences after explosion of the most
powerful atomic bomb on Novaya Zemlya

Chugunov V.V., Ramzaev P.V.

Institute of Radiation Hygiene, St. Petersburg, Russia

On the 30th of October 1961 an H-bomb of 50 MT TNT - equivalent was exploded at a height
of 3.5 km over Novaya Zemlya. This explosion with other world tests had required the expert
inspection of the most important regions of Russia Arctic to enforce the system of population
radiation safety. It was necessary to inspect 10 000 km of coast and to assess the situation in
towns and settlements of the main provinces, districts and autonomous republics.

The expedition consisted of two groups with different experts' views and attitudes to the
problem. Now these groups would be referred to as a «greenpeace» group and a group of
«hawks». The authors of the article were in different groups. The work of the expedition took
place during March and April of 1962. An Arctic aviation airplane with special equipment
was at the expedition's disposal.

Scientific tasks were given to the expedition members as follows: aerogamma survey and
collection of air and snow samples, samples of local food, daily ration, soil, vegetables and
autopsy material were collected. The radioactivity of samples was measured and extensive
contamination material was obtained.

The following results were obtained.

The aerogammasurvey showed that in spring 1962 the gammabackground was about 8-10
prem/h along the whole route of the expedition (see Fig.). As expected, in the Novaya Zemlya
testground the gammabackground was substatially higher, especially in the hypocenter. In
some places, where rocks contained higher levels of natural radionuclides, the
gammabackground rached 20nrem/h. The data did not show higher level local fallouts in the
Arctic in comparison with central regions of the country.

Air is the first environmental media in the radionuclides migration chain after the ground and
atmospheric explosions, therefore air control was one of the main objects of our expedition.
The measurements of summary beta-activity in Ci/1 (10'15) gave the following values:
Murmansk -1.0-1.2; Arkhangelsk - 1.8-1.9; Narjan-Mar - 0.8; Amderma - 4.5-6.1; Siktivkar -
4.3-4.8: Port Kamenni (Yamal) - 1.7-1.8; Dixon - 2.5-3.0; Norilsk - 3.9-4.0. Average levels
for the Arctic were 2.8 • 10"15 Ci/1. At the same time in Leningrad corresponding values were
(2.0-5.0) • 10"15 Ci/1, in Moscow - (3.0-6.0) • 10"15 Ci/1: in Finland - (1.0-3.0) • 10"15 Ci/1: in
USA - 4.8 • 10"15 Ci/1. These values were 30-100 times lower than the accepted maximum
permissible concentration for the population.

It was considered that in the north the soil role in the soil-fodder-animal products-man chain
is different from the soil role in other climatic conditions. At that time there were 2.2 million
reindeers in the northern regions of the country, and the basic feed for reindeers were lichens
which have no root-system and concentrate radionuclides from fallout. At a latitude of 70°
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North all along the Arctic Ocean coast northern soils had in 1969 radioactivity an average 1.5-
2 times lower that soils at USSR and the northern hemisphere.

Lichens were contaminated with caesium-137; strontium-90; lead-210 and polonium-210 five
to ten times more than tundra annual grasses. Analyses of lichens indicate caesium-137
separation against strontium-90 with isotopes ration in fallout -1.6-1.7 changed to 4-10 in
lichens. In 1962 in northern cities radioactive contamination of drinking water at large
reservoirs was negligible - (1.3) • 10'1 Ci/1. Snow as wall as water samples from small springs
which are the main water-supply for the North population indicated that radionuclide levels in
snow were the same as in other regions of the USSR. Particularly high levels of strontium-90
were observed in old melted snow samples concentrated by snow thawing. Radioactivity of
drinking water in rivers and lakes of Northern regions did not differ from other country
regions.

Radioactivity of local vegetables.was studied in Arkhangelsk district and Komi Republic,
where some quantity of vegetables had been cultivated. In general, Arctic regions have
completely outside supply of vegetables from the central regions of Russia, but the local
products were also not sources of caesium-137 contamination in the local population.
Vegetables radioactivity for caesium-137 spectral range was less than 1 • 10" ° Ci/kg. In cow
milk in Murmansk province, Nenetz region, Komi Republic and Taimir region strontium-90
concentration was about 5 • 10"' Ci/1, caesium-137 -1.7-10 • 10"11 Ci/1, with an average over
Russia for Sr-90 23 and for Cs-137 300 • 10"12 Ci/1 accordingly. Content in beef from northern
regions of caesium-137 (0.3-0.9 • 10'9 Ci/kg) and strontium-90 (7-8 • 10'12 Ci/kg) did not differ
from levels in central regions of Russia and did not effect the radiological situation due to low
radionuclide concentration in beef and its virtual absence in ration of reindeer-breeders.

The high level of radioactivity in reindeer was first discovered by sanitary epidemic station
inspectors Kupzova T.A. (Sakhalin) and Astafyeva G.A. (Kamchatka). Already at the end of
1958 they found that summary reindeer bones beta-activity reached 2 • 10"9 Ci/kg and other
live-stock bones radioactivity was 100 times lower. During the inspection of Murmansk
region, Nenetz territory and Komi Republic in 1962 strontium-90 30-55 • 10"9 Ci/kg and
caesium-137 5-14 • 10"9 Ci/kg concentration in reindeer bones were registered. Strontium leve
in reindeer bones was 5-80 times higher than in cow, sheep and pig bones. Lichens (reindeer
main forage) were contaminated by caesium-137 and strontium-90 approximately by an order
higher than annual grasses (cow and sheep main fodder). The data on levels of radioactivity of
reindeer in different northern regions was confirmed later by other authors with values of 10-
30 • 10'9 Ci/kg caesium and 20-40 • 10'12 Ci/kg strontium-90 in reindeer muscle.

Evaluation of daily rations in cantines showed that with little exception radioactivity content
in northern cities and towns rations did not differ significantly from those in central Russia.
But permanent reindeer meat consumption in Narjan-Mar in contrast to Murmansk,
Arkhangelsk and Norilsk increased caesium-137 content in humans. In 1962 in Narjan-Mar
residents whole-body content of caesium-137 was 1-1.3 • 10 Ci, exceeding by 3-5 times the
levels in other northern or central cities of the country. The whole-body assessment of
reindeer-breeders from Murmansk province showed 7.7 to 17.1 • 10"7 Ci of caesium-137
content or 32-85 times higher than in Leningrad residents. Measurement of reindeer breeders
from Nenetz and Taimir territories and from Komi Republic showed that this excess was 10-
20 times higher. No significant peculiarities in strontium-90 accumulation were found. Only
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later it was discovered that strontium-90 after «biological separation)) in reindeers
accumulated in reindeer-breeders bones by an order higher than in bones of central regions
residents.

The results of the 1962 expedition for the first time showed the Arctic radioecological
peculiarities due to the specific «lichen-reindeer-man» food chain. This study simulates
investigation of chain quantity characteristics and assessment of health and environmental
effects of global fallout. 1962 study shows that while some countries continue nuclear tests,
radioactivity effects environment and all world population without distinction between
nationalities or places of habitation.
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Perturbation in the 24OPu/239Pu global fallout ratio in local sediments following
the nuclear accidents at Thule (Greenland) and Palomares (Spain)
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Abstract

It is well established that the main source of the ptutonium found in marine sediments throughout the Northern
Hemisphere is global stratospheric fallout, characterized by a typical 2*Pu/2"Pu atom ratio of —0.18.
Measurement of perturbations in this ratio at various sites which had been subjected to close-in fallout, mainly
from surface-based testing (e.g., Bikini Atoll, Nevada test site, Mururoa Atoll), has confirmed the feasibility
of using this ratio to distinguish plutonium from different fallout sources. In the present study, the ""Pu/^'Pu
ratio has been examined in samples of sediment collected at Thule (Greenland) and Palomares (Spain), where
accidents involving the release and dispersion of plutonium from fractured nuclear weapons occurred in 1968
and 1966, respectively. The 24OPu/239Pu ratio was measured by high-resolution alpha spectrometry and spectral
deconvolution, and confirmed in the case of the most active samples by high-resolution X-ray spectrometry.
Only sediment samples which displayed plutonium heterogeneities, i.e., hot particles or concentrations well in
excess (at least two orders of magnitude) of those expected from global fallout, were selected for analysis. The
analytical results showed that at Thule the mean 2*Pu/23'Pu atom ratio was 0.033 ± 0.004 (n = 4), while at
Palomares me equivalent ratio appeared to be significantly higher at 0.056 ± 0.003 (n = 4). Both ratios are
consistent with those reported for soils sampled at the Nevada test site and Nagasaki, and are clearly indicative
of weapons-grade plutonium. It is noteworthy that the mean ^Pu/^Pu activity ratio in the Thule samples, at
0.0150 ± 0.0017 (n = 4), was also lower than that measured in the Palomares samples, namely, 0.0275 ±
0.0012 (n = 4). The^Pui^Pu ratios were similarly different. Finally, the data show, in contrast to Palomares,
that not all of the samples from the Thule accident site were contaminated with plutonium of identical isotopic
composition.

Introduction

In January 1966, four plutonium-bearing nuclear weapons were released at an altitude of
8,500 m above the village of Palomares (Spain) following a mid-air collision between two
US aircraft, namely a B-52 bomber and a KC-135 refuelling tanker. Although two of the
weapons were reported to have been recovered intact, the chemical explosive component of
the other two detonated on impact on land, and plutonium and uranium were dispersed over
an area of about 500 hectares (NEA, 1981). To date, the quantity of plutonium released does
not appear to have been published. However, following clean-up, the total residual m 2 4 0Pu
inventory has been estimated to be in the order of 0.1 TBq (Aarkrog, 1995).

Two years later, a similar US bomber also carrying four plutonium-bearing weapons crashed
on Arctic ice in Bylot Sound (Greenland), 11 km west of the Thule Air Base. The plane and
the chemical explosive component of all four weapons exploded on impact, causing the
release of kilogramme quantities of insoluble plutonium oxide to the snow-pack in the locality
(Rise, 1970; Aarkrog, 1977; Facer, 1980). Although it has been estimated that - 9 0 % of the
plutonium was subsequently removed in die ensuing clean-up operation, residual
contamination totalling an estimated 1 TBqP'-^Pu) is now known to cover a seabed area in
the order of 1,000 km2 (Aarkrog et al., 1984; Smith et ai, 1994).
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The simUarities between these accidents is apparent. Both involved the dispersion of insoluble
plutonium oxide from fractured nuclear weapons fabricated in the US, probably in the early-
to mid-60s (Livingston et al., 1975; Aarkrog et al., 1984; Holm et al., 1988). Both were
similarly well defined in time and space. Follow-up studies by several researchers established
the initial boundaries of the contamination zones at each location (Ramos and Iranzo, 1966;
Aarkrog, 1971) and identified the ^Pu/239 '24*^ ratio characteristic of each event (Romero
et al., 1991; Aarkrog, 1971; Aarkrog, 1977; Aarkrog etal., 1984). Further, the presence
of so-called hot particles, containing anomalously high plutonium concentrations, was
confirmed in samples of seabed sediment from both locations (Romero et al., 1991; Rise,
1970; Aarkrog etal., 1984).

In this paper, we report the determination of the 24OPu/239Pu atom ratio by high resolution
alpha spectrometry and spectral deconvolution in a limited selection of sediment samples,
each containing an undetermined number of hot particles, from the Palomares and Thule
zones. The ^ P u P ' P u and ^Pu/^ 'Pu ratios at both locations are also given and comparisons
made with previously published data for both sites, data for nuclear test sites and global
fallout ratios for similar latitudes. Our principal objective in carrying out these measurements
was to determine, with improved precision, the plutonium isotopic signature of each of these
source-terms.

Experimental Methods

In the present exercise, sources (discs) containing plutonium plated in the course of previous
studies of sediment contamination at Palomares (Gasco, 1994; Sanchez-Cabeza, 1994) and
Thule (Aarkrog et al., 1984; Smith et al., 1994), were retrieved from our archives and re-
measured by high resolution alpha spectrometry with a PIPS detector of the highest quality
(active area of 100 mm2 and certified resolution of <12 keV FWHM). Prior to re-
measurement, plutonium was stripped from each disc and re-purified to eliminate ingrown
241 Am. Only discs prepared from samples which displayed plutonium heterogeneities, i.e.,
hot particles, or concentrations well in excess (at least two orders of magnitude) of those
expected from global fallout, were selected for analysis. In the case of Palomares, two of the
samples were recovered in 1991 by coring from between the 6 and 8 cm sediment horizons,
approximately 5 km offshore at a water depth of 44 m, while the remaining two were taken
on land close to the village of Palomares from what had been one of the most heavily
contaminated zones prior to clean-up. At Thule, two of the samples were taken in 1979 from
the top 3 cm of the most contaminated area of the seabed, close to the original impact site,
while the remainder were recovered more than a decade later between the 7 and 10 cm
sediment horizons in the same area.

The complex " ' -^Pu multiplet was unfolded using a simple deconvolution technique based
on commercially-available software (MicroSAMPO™) originally developed for gamma
spectrometry (Aarnio et al., 1987). Full details of the technique have been described
elsewhere (Leon Vintro et al., in press). Suffice, that in our approach the analytical or peak-
shape function is defined (for each spectrum) by fitting a modified gaussian function with
left- and right-handed exponential tails to the partially resolved M2Pu doublet (used as tracer)
and, if present, the ^ P u doublet. The peaks so fitted are used to create an energy calibration
file with which, using published energy data, the positions (in channels) of the component
peaks of the 239-240Pu multiplet are predicted. These positions are not altered subsequently
when MicroSAMPO's interactive multiplet analysis facility is employed to quantify the
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relative spectral intensities of the component peaks (Figure 1). The 24OPu/239Pu ratio is then
readily determined from the fitted areas after applying a small correction ( - 1 %) for the
coincidence summing of alpha particles and conversion electrons. Although not essential, this
correction leads to an improvement in the agreement between the measured alpha-emission
probabilities and published values. Such agreement represents a useful test of the efficacy of
the method. In the case of the most active (>5 Bq) samples, the ratio was confirmed by
measuring the LX/a-ray activity ratio using the method of Komura etal. (1984). Finally, the
24ipu/239pu r a t j o w a s determined in most of the samples by the technique of supported-disc
liquid scintillation counting (Ryan et al., 1993).

Results and discussion

It has been shown that the main source of the plutonium found in marine sediments
throughout the Northern Hemisphere, well removed from the influence of local sources, is
global stratospheric fallout, characterized by a typical ^Pu/^'Pu atom ratio of 0.18 ± 0.01
(Buesseler and Sholkowitz, 1987). As one might expect, this value is indistinguishable from
the global fallout mean of 0.176 ± 0.014 established following a world-wide survey of
terrestrial soils in 1970-71 (Krey etal., 1976).

In contrast, the mean ^Pu/^'Pu atom ratio observed in this study of marine sediments and
soils containing hot particles sampled in the vicinity of Palomares was 0.056 ± 0.003 (Table
1), while the corresponding ratio for Thule, with one important exception, was considerably
lower at 0.033 ± 0.004 (Table 2). It is noteworthy that the exception (sample #1) gave a
ratio of 0.055 ± 0.002, which is clearly indistinguishable from the Palomares mean. High-
resolution X-ray spectrometry on this, our most active sample from Thule, provided
confirmation of this result, giving 0.064 ± 0.008. A similar measurement on sediment
(sample #1) from Palomares gave an almost identical result, namely 0.054 ± 0.004. These

Table 1. Plutonium isotopic ratios in contaminated Palomares sediment and soil sampled in
1991. Quoted uncertainties are 1 S.D. (Reference date: 17th January, 1966)

Sample
Coordinates

1991:
Sediment #1

37°10'N 01°49'W

Sediment #2
37°10'N 01°49'W

1991:
Soil §\

37°15-N01°52'W

soil n
37°15"N01°52'W

Mean (n=4)

(Bq)

8.6

1.5

7.6

2.8

-

24OPu/239Pu
atom ratio

0.059 ± 0.003

0.057 ± 0.002

0.052 ± 0.001

0.055 ± 0.002

0.056 ± 0.003

""PH/2

activity

0.219 ±

0.209 ±

0.192 ±

0.203 ±

0.206 ±

39Pu
ratio

0.010

0.008

0.004

0.007

0.011

rBPu/239Pu
activity ratio

0.0271 ±

0.0266 ±

0.0269 ±

0.0292 ±

0.0275 ±

0.0012

0.0010

0.0007

0.0014

0.0012
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values are in good agreement with the value of 0.058 ± 0.008 reported for a sample of
sediment from Thule by Komura et al. (1984), who also used X-ray spectrometry. Somewhat
lower values have been recorded in three samples from Thule by Kolb and Arnold (1993),
using a similar technique (Arnold and Kolb, 1995).

Statistically, the samples from Paiomares are isotopically identical, whereas this is evidently
not the case at Thule. In summary, our admittedly limited data would appear to suggest that
not all of the weapons involved in the Thule accident contained plutonium of identical
isotopic composition. Although unlikely, we can not exclude the possibility that the isotopic
homogeneity observed in the samples from Paiomares is related to factors other than the
isotopic composition of the two weapons which reportedly disintegrated on impact with the
ground approximately 2.5 km apart (Iranzo et al., 1987).

Overall, our data are in good accord with those reported for similar samples from low-yield
nuclear weapons test-sites. For example, a ^Pu/^ 'Pu ratio of 0.0315 ± 0.0004 has been
measured at Mururoa Atoll (Leon Vintro et al., in press), while a mean of — 0.035 has been
reported for the Nevada test site (Krey et al., 1976). Similar values have been reported at
former UK nuclear weapons test sites in Australia (Burns et al., 1994). Further,
measurements on surface soil collected in 1979 from the Nishiyama area in Nagasaki gave
a ratio of 0.042 ± 0.014 (Komura et al., 1984). The Nishiyama area had been heavily
contaminated, having been subjected to 'black rain' precipitation shortly after the nuclear
weapon explosion of 9th August, 1945. Clearly, the measured ^Pu/^ 'Pu ratios are typical
of much of the weapons-grade plutonium produced by western countries since the mid-40s

Table 2. Plutonium isotopic ratios in contaminated Thule sediment sampled in 1979 and
1991. Quoted uncertainties are 1 S.D. (Reference date: 21st January 1968)

Sample
Coordinates

1979:
Sediment #1

76-30 'N69°25"W

Sediment #2
76°31'N 69°17'W

1991:
Sediment #3

76°31'N 69°17 "W

Sediment #4
76°31'N 69"17'W

Sediment #5
76°3rN69°17'W

Mean (n=4)
Samples #2-5

Z»,240pu

(Bq)

5.9

0.6

2.4

1.4

0.8

-

24OPu/239Pu
atom ratio

0.055

0.037

0.029

0.031

0.034

0.033

±

±

±

±

±

±

0.002

0.003

0.001

0.002

0.001

0.004

24oPu/239Pu
activity ratio

0.202

0.137

0.107

0.113

0.125

0.121

±

±

±

±

±

±

0.006

0.009

0.003

0.009

0.003

0.013

238Pu/*»Pu
activity ratio

0.0248

0.0171

0.0131

0.0144

0.0155

0.0150

±

±

±

±

±

±

0.0007

0.0006

0.0004

0.0006

0.0006

0.0017
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and are quite distinct from the global fallout ratio of - 0 . 1 8 .

The mean ^ P u P ' P u activity ratio in the Thule samples was found to be 0.0150 ± 0.0017
(samples #2-5), while the corresponding ratio in the Palomares samples was 0.0275 ±
0.0012, in broad agreement with previously published data for both zones (Aarkrog et al.,
1984; Holm et al., 1988; Romero et al., 1991). These values are clearly inferior to the
cumulative (through 1971) global fallout means of 0.041 and 0.061 reported for the latitude
bands 70-80°N and 30-40°N, respectively (Hardy et al., 1973; Krey et al., 1976; Perkins and
Thomas, 1980). Again, the 23'Pu/239Pu activity ratio in the atypical sample from Thule
(sediment #1) was statistically indistinguishable from the mean Palomares ratio. Similar
differences were found in the case of the ^ P u P ' P u activity ratio, where the respective
means were 2.3 ± 0.9 (Thule samples #2-5) and 6.1 ± 0.5 (Palomares samples #1-2), with
the atypical sample from Thule giving 4.1 ± 0.2.

Although small, these differences are significant and, more than likely, reflect variations in
the conditions under which the plutonium was originally produced (type of reactor, operating
history, integrated neutron flux, etc.). This may be the explanation for the considerable
scatter in the values of the 23SPu/239>24OPu ratio reported by previous researchers in samples
of sediment and biota from the Thule impact zone (Aarkrog, 1971; Aarkrog, 1977; Aarkrog
et al., 1984; Rise, 1988; Kolb and Arnold, 1993). Again, we stress that in each of the
samples analysed in this study, the contribution from global fallout was insignificant being
less, and in most cases much less, than 1%.

Conclusions

The mean 2<oPu/23'Pu ratios observed at Palomares and Thule, though distinct, are both
indicative of weapons-grade plutonium. Similar observations apply to the ^'Pu/^'Pu and
24ipu/239pu r a t j o s However, in contrast to the Palomares data which showed that the samples
from this zone were isotopically homogeneous, significant variations were identified in the
isotopic ratios for the Thule samples. It is suggested that these can be attributed to the use
of plutonium produced under different conditions in at least one of the weapons which
disintegrated in the Thule accident. It is, therefore, appropriate to caution against the
adoption of a 'unique' isotopic ratio when attempting to 'fingerprint' a potentially complex
source-term.
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Figure 1. Unfolding the ̂ ' ^ P u multiplet. The spectrum shown is that of sediment sample
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(components with relative intensities <0.1 % are not considered in the fitting).
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THE ENVIRONMENT OF THE NUCLEAR TEST SITES ON
NOVAYA ZEMLYA

JOHNNY SKORVE

Norsk Utenrikspolitisk Institutt (Norwegian Institute of International Affairs),
Postboks 8159 Dep., 0033 Oslo, Norway.

ABSTRACT. A Norwegian study of the effects of Soviet nuclear testing on the
arctic island of Novaya Zemlya is underway. The study has used aerial
photographs and satellite images and has revealed major rockslides and crater
features that may be attributable to testing. It has been claimed that
underground testing carries little risk of post-explosion contaminant release, as
the explosion vitrifies and seals the surrounding rock mass. Some experts doubt
the validity of this claim, and elucidation of the hydrogeological aspects of
such nuclear testing is one of the aims of the study.

INTRODUCTION

We may consider remote sensing to be an extension of classical aerial photography that
geoscientists have been using for most of this century.

By raising our viewpoint from above the ground to altitudes of
several hundred km. our field of view is greatly expanded. The surveillance

of large areas by remote sensing is often beneficial in that it enables us to obtain a
grand scale view.

In this case study, observations are provided by sensor platforms that are
circling the earth at altitudes of between 700 and 830 km, i.e. the Landsat 4-5 and
SPOT 1-2 satellites, respectively.

BACKGROUND

Novaya Zemlya came into focus in the winter of 1989-90, when it was rumoured
that the Soviet Union intended to close down its nuclear weapons testing site in
Semipalatinsk and move all such testing activity to Novaya Zemlya. Because of
Northern Norway's proximity to the test site, and reflections about the Chernobyl
accident of 1986, concern arose among Norwegians over the prospect of increasing
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nuclear weapons testing activity on Novaya Zemlya. As the situation remained unclear,
due to different signals being received from Moscow, a satellite remote sensing study
of the Novaya Zemlya nuclear test site was initiated in 1990. As a visiting researcher
at the Norwegian Institute of International Affairs (NUPI), I was responsible for the
initiation of the study, after approval from the late foreign minister, Johan Jerrgen
Hoist, who was then director of the institute.

The use of civilian remote sensing data in the study of the effects of nuclear
testing is, however, new. By this type of surveillance of the northern Novaya Zemlya
underground nuclear test site, we hope to be able to provide some additional knowledge
and insight into the situation, with respect to nuclear tests and their effects in this
particular area.

The first nuclear explosion on Novaya Zemlya occurred on 24 September 1957.
In the years that followed, many nuclear explosions took place here, mostly air-bursts.
The most powerful explosion had a yield of 58 megatons. In 1963 the United States,
the Soviet Union and Great Britain established a ban on all kinds of nuclear testing,
except that performed underground. During the period 1964-1990 there were 31
underground explosions at the northern Novaya Zemlya test site. Most of the early
explosions were very powerful, the largest being about 4 megatons. In the Threshold
Test Ban Treaty (TTBT) of 1974, the Soviet Union and the United States agreed to set
a limit of 150 kilotons on the size of nuclear weapons tests. From 1976 the yield of
underground test explosions on Novaya Zemlya did not exceed 150 kilotons. The
importance of Novaya Zemlya as a nuclear testing ground for the former Soviet Union
is reflected by the fact that 94 % of the total megatonnage yield of the former Soviet
Union's nuclear tests had been exploded on Novaya Zemlya, whilst 5.5% was exploded
at Semipalatinsk.

INFORMATION DEFICIENCY

One of the reasons why this study was started was the very inadequate
information that existed on Novaya Zemlya generally and on the test site specifically.
There were no detailed maps available and TPC maps at the scale of 1:500,000 were
the best available. With respect to geology, the best information we found was in the
extensive "Report of the Scientific Results of the Norwegian Expedition to Novaya
Zemlya in 1921", edited by Olav Holtedahl. Late in the study, some new information
on the geology of the northern Novaya Zemlya test site appeared in an American report
in a DARPA Proceedings publication. Not only the nuclear test sites, but the whole
Novaya Zemlya area was declared a military security area, and the native population
were deported from these islands when the Soviet Union began preparations for nuclear
testing in the 1950's. The only practical way to get more information was to use
satellite imaging of the area and, fortunately, good quality data were available from
both the American Landsat 5 and the French SPOT 1 and 2 satellites.
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AMERICAN AND FRENCH SATELLITE DATA

Black and white Landsat TM quarter scenes (approx. 100 x 100 km) were used
for surveying Novaya Zemlya, from its southern tip to the areas well north of the
Matochkin Shar. On this basis, digital data of Landsat-TM and SPOT-P images of the
northern test area were ordered. In addition, digital terrain data of the area were
acquired. TRIC of Tokai University in Japan produced several sets of high quality
satellite images, both black & white and colour, by digitally merging SPOT-P and
Landsat-TM images. TRIC also made a colour stereopair using two composite satellite
scenes.

A 3-D presentation of the test area was made by draping the Landsat-TM scene
over the digital terrain model (covering an area of 8000 km2), with the aim of
geological mapping. Several sets of colour Landsat-TM images were produced using
different combinations of three spectral bands chosen from seven available Landsat
bands. Some aerial photographs from 1942, which covered parts of the test area, were
also provided for the study.

IMAGE INTERPRETATION OF THE TEST AREA

During the first part of the study most effort was put into mapping the test site
infrastructure. This was successful, as the main base, roads, tracks, bridges and tunnel
openings were located, as well as harbours, piers, buildings, storage tanks and tailing
piles of rock excavated during tunnelling activities.

The test area is located at 73°N latitude, at the eastern boundary of the Barents
Sea. All of Novaya Zemlya is an area of permafrost that is reported to be about 300 m
thick in the valleys and as much as 600 m thick in some of the mountain areas. The
Shumilikha valley and its river divide the test area in two. The northern mountains
reach 1100 m above sea level (a.s.l.) whilst those to the south reach about 900 m.a.s.l.

NUCLEAR EXPLOSION SURFACE EFFECTS .

The study and interpretation of the satellite images revealed several interesting
and surprising features. For several years all nuclear explosions took place on the
northern side of the Shumilikha valley and, in one of the side valleys in this area, we
found a large rockslide that fills the whole valley floor, with a dammed lake behind it.
The rock volume of the slide is probably between 30 and 60 million m3. On the shore
of the Matochkin Shar, we found modifications of the coastline that strongly indicate
one or two major rockslides, which are partly submerged, with the remains of each
rockslide visible on the slope above the coastline. Several smaller and shallower
rockslides have been found in the test area and our theory is that they have been
triggered by underground nuclear explosions. Close to the Matochkin Shar, the image
analysis revealed three craters on or near the mountain ridge. The largest of these is
approx. 220 x 270 m. One suspected crater has been found on the southern side of the
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valley. The four craters are probably the result of insufficiently deep underground
nuclear explosions.

A PERMAFROST AND A HYDROGEOLOGICAL PROBLEM

According to Russian experts, all underground nuclear explosions on Novaya
Zemlya have taken place below the permafrost layer. There are, at different depths, at
least thirty two explosion cavities containing large amounts of radioactive material. It
is said that the waste from the explosions does not threaten the environment. The reason
for this, so the Russians claim, is that the intense heat from a detonation melts the rock
surrounding the cavity then, as the temperature drops, the melted rock solidifies and
forms a glassy sphere around the cavity. This sphere keeps the nuclear contaminants
fully contained within the cavity. However, critics claim that complete containment on
Novaya Zemlya is the exception rather than the rule. If this is the case, radionuclides
are currently leaking into groundwater and are thus being transported to the nearby
Matochkin Shar and the Shumilikha valley floor.
However the permafrost layer may be affected in at least two ways. The shock from
the explosion can cause cracks in the permafrost floor section closest to the detonation
center 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 here will drain downwards and go through the
chimney to the explosion cavity.
Glaciologists and geologists working on the artic Spitzbergen Islands, have in some
locations here found cracks and fissures in the permafrost that are filled with ice or
water It show that if underground nuclear explosions had been released here, it might
have created a dangerous nuclear environment.
However in response to this study, Russian scientists have confirmed that no water
leakage in the permafrost have been found, as the testing wells are dry. This is very
good news, and it should be well documented both with respect to confirm the western
Matochkin Shar area to be very suitable as a nuclear testing ground, and secondly,
throw light on possible future use of the permafrost environment as a storage medium
for nuclear waste.
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The sunken nuclear submarine Komsomolets and its
effects on the environment

STEINAR H0IBRATEN AND PER E. THORESEN

Norwegian Defence Research Establishment, N-2007 Kjeller, Norway

INTRODUCTION

The Russian nuclear submarine Komsomolets (K278) has been a source of much
environmental concern over the years since its sinking on April 7, 1989, in the Norwegian Sea
180-190 km west-southwest of Bear Island. It was the only submarine of its class ever built,
and according to Russian sources, its inventory included one pressurized-water reactor and
two nuclear torpedoes. The accident, which was caused by a fire originating in one of the two
aftmost compartments, developed sufficiently slowly for the nuclear reactor to be shut down
in an orderly way. (See Fig. 1 for a sketch of the submarine layout.) Of the 69 crew members
on board, 42 were killed in the accident.

I connlnQ towfBr î /
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Figure 1. Layout of the nuclear submarine Komsomolets showing the position and use of
the various compartments. An escape capsule was attached inside the V-shaped structure in
the conning tower.

The Komsomolets sank in international waters at 73°43'16" N and 13°16'52" E at a depth of
1655 m, where it is lodged 2.5-3 m into muddy ground. The submarine was designed to
operate at relatively great depths (reportedly down to about 1000 m), and its double hull and
all bulkheads were made of a titanium alloy. The hull is to a large extent still intact, but its
front part, including the torpedo section, is seriously damaged.

This presentation is based on a recently completed pilot study on "Cross-Border Radioactive
Contamination Emanating from Defence-Related Installations and Activities" that was carried
out under the auspices of NATO's Committee on the Challenges of Modern Society (CCMS,
1995). The nuclear submarine Komsomolets was one of many topics covered by this study.
Outside expertise from Russia (the Kurchatov Institute), Norway (Institute for Marine
Research) and Denmark (Ris0 National Laboratory) was drawn upon in evaluating present and
future consequences of the Komsomolets accident.
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NUCLEAR INVENTORY

There are several potential sources of radionuclide contamination on board the Komsomolets:
• The nuclear fuel is highly radioactive due to the presence of a large number of different

radionuclides (the activity level depends on the total energy generated from the nuclear fuel
during its use);

• The reactor walls and other structures near or inside the reactor contain radionuclides
("activation products" such as 55Fe, 60Co and 63Ni) that have been produced due to the
intense bombardment of neutrons that these parts experience;

• The nuclear torpedoes contain weapons-grade plutonium;
• Finally, the decay of the above-mentioned radionuclides often leads to radioactive decay

products as well (most importantly 241 Am which results from the decay of 24lPu).
Accurate information about the nuclear inventory may reveal sensitive information about the
reactor design and/or the weapons and is therefore not publicly available.

Estimated activities of a number of radionuclides on board the Komsomolets is presented in
Table 1. The relative amounts of ^'Pu and 24 Pu in the weapons are based on the assumption
that Russian weapons-grade plutonium contains 94% 239Pu. The development of some of the
activities over time is sketched in Fig. 2. It is seen that after a few decades, I37Cs and ^Sr
clearly dominate the inventory. These radionuclides dissolve easily in water, and they also
readily enter the food chain through uptakes into various sea biota.

RADIONUCLIDE RELEASES

A number of Russian expeditions to the Komsomolets site have taken place, and releases of
137Cs have been carefully measured. These measurements indicate that radionuclides from the
reactor only escape through a ventilation tube from the reactor room to the top of the conning
tower. The 137Cs activity inside the ventilation tube is on the order of 1 MBq/m3. Water-flow
measurements inside the ventilation pipe indicate that no more than about 500 GBq of 137Cs
are released from the submarine annually.

Future release rates will depend on the corrosive decay of the rector vessel, submarine
bulkheads, and so forth. As already mentioned, the double submarine hull (an outer "light
hull" 9.8 mm thick and an inner "strong hull" approximately 100 mm thick) and all bulkheads
are made of a titanium alloy. The reactor vessel is made of 150 mm thick carbon steel and
placed inside a stainless-steel cylinder. The inside of the reactor is covered by a 5 mm think
cladding of stainless steel. The nuclear installation was designed to operate at high
temperatures and pressures, and no cracks in its materials have been observed. The two
elements iron and titanium, which have very different electrochemical potentials are
reportedly not in contact with each other anywhere on the submarine. Because of the
generally large physical distances between these two elements, one may assume that no
significantly accelerated corrosion due to electrochemical processes takes place.

Due to the ocean currents and the damaged light (outer) hull, corrosion of the strong hull of
the submarine probably occurs in flowing water. On the other hand, the corrosion of the
elements of the nuclear installation takes place in still waters. The surrounding water
temperature is low (about -0.8 °C), and the heat production of the nuclear reactor is presently
(1995) down to about 1 kW. Corrosion requires the presence of oxygen. In the case of the
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Table 1. Komsomolets radionuclide inventory. The radioactivity of the long-lived fission
products corresponds to permanent operation of the Komsomolets reactor for a period of five
years. The table is derived from information supplied by the Kurchatov Institute in
Moscow.

Nuclide

Reactor:
55Fe
"Co
63Ni
85Kr
"Sr

106Ru
l34Cs
137Cs
144Ce
l47Pm
239Pu
240Pu
241Pu
242Pu
241 Am

242mAm
243Am
242Cm
243Cm
244Cm

Weapons:

240Pu

Half-life

2.73 y
5.272 y
99.6 y
10.72 y
28.78 y
1.020 y
2.062 y

30.254 y
284.893 d
2.6234 y
24204y

6555 y
14.353 y

373000 y
432.1 y

142 y
7362 y
162.8 d
28.5 y

18.077 y

24204 y
6555 y

Long-lived decay products:
237Np
241Am

2140000 y
432.1 y

Total:

Activity (Bq)

Apr. 7, 1989

1.3-101"
5.9-1013

4.4-1012

4.8-1014

2.8-10'3

8.9-1014

3.5-1015

3.1-10'5

9.8-1015

7.5-1015

4.4-10'2

1.7-1012

3.1-1014

1.0109

4.4-1010

1.5-10'
1.7-10*
5.6-10'2

4.810 s

3.1 10'°

1.3-1O13

3.010'2

—
—

2.9-10'6

Jan. 1, 1995

3.0-1013

2.8-1013

4.2-1012

3.3-1014

2.4-10'5

1.8-1O13

5.1101 4

2.7101 5

6.0-1013

1.7-1015

4.4-1012

1.71012

2.4-1014

1.0 109

4.4-1010

1.5-10*
1.7-10*
7.510 s

4.2-108

2.5-1010

1.3-1O13

3.O1O'2

2.5-106

2.5-1012

8.0- l O "

Apr. 7, 2089

1.2103

1.110s

2.2-1012

7.5-10"
2.5-10'4

8.6-10°
3.1-1014

2.5 -104

4.4-1012

1.7-10'2

2.5-1012

1.0109

3.81O10

9.2-108

1.7-10*

4.2-107

6.710 s

1.3-1013

3.O-1O12

2.5-108

9.0-1012

6.0-10'4

Komsomolets, the oxygen supply is rather limited, particularly in the still waters inside the
submarine, but also in the deep-sea water flowing by the submarine.

Under these conditions, the corrosion rates of the reactor and hull materials in sea water are
estimated as follows:
• for stainless steel: 1 u.m/y;

• for carbon steel: 75 u.m/y;

• for the titanium alloy: « 1 ]imly.

Upon comparing these values, it appears that over time the corrosion process will proceed in

three subsequent stages:
1. corrosion of the carbon steel of the reactor vessel;
2. corrosion of the internal stainless-steel cladding of the reactor vessel;
3. corrosion of the hull and the bulkheads of the submarine.

Using the above corrosion rate for carbon steel, the reactor vessel will remain intact for about
2000 years (pitting corrosion may take place somewhat faster, but it will most likely not lead
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Figure 2. Contents of the most important radionuclides in the reactor of the submarine
Komsomolets as a function of time. The radioactivity of the long-lived fission products
corresponds to permanent operation of the Komsomolets reactor for a period of five years.
This information has been supplied by the Kurchatov Institute in Moscow.

to major releases of radionuclides). By that time, the only radionuclides still present in
significant quantities will be some of the plutonium isotopes. As long as the reactor vessel is
intact, the only exchange of water from inside the reactor with the surrounding environment
must take place through the aforementioned ventilation pipe. Assuming that the corrosion of
the nuclear fuel continues at its present rate, the radionuclide release rate for the next
2000 years must then be similar to the present rate (adjusted for the decay of radionuclides
available for release).

The weapons are not as well protected against corrosion as the nuclear fuel. However,
plutonium is the only concern here, and because of their long half-lives, the radionuclides
239,Pu and Pu will eventually be released into the surrounding environment, anyway.

Plutonium does not dissolve easily in sea water. Observations from the 1968 Thule accident,
in which several nuclear bombs disintegrated (but did not explode) on the sea ice near the
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coast of Greenland as a result of a plane crash, suggest that most of the plutonium will settle
in the sediments near the release point. These contaminated sediments will then very slowly
spread along the ocean floor. Furthermore, the total amount of plutonium on board the
Komsomolets is relatively small (an estimated 8.2 kg), particularly in comparison to what has
already been released into the oceans from the reprocessing plant at Sellafield in the United
Kingdom (about 300 kg) and from atmospheric nuclear explosions (tons).

DISTRIBUTION OF RADIONUCLIDES

Water-soluble radionuclides may be carried quite far by the ocean currents. In order to assess
the environmental impact of the Komsomolets, it is therefore important to know the pattern of
currents, both locally around the submarine as well as on a larger scale. Russian
measurements near the accident site indicate that the local current pattern is quite unstable.
The average current speed is about 0.2 m/s. Significant changes were observed in rather short
time intervals. The highest measured velocity of the bottom current was 1.5 m/s. The
prevailing directions are towards the north and east, but other directions are also possible.
Overall, water is preferentially transferred along a line from south-southwest to north-
northeast. The transfers in the northern direction are about as large as those in the southern
direction, confirming the generally chaotic and diffuse nature of bottom currents.

Measurements of temperature, salinity and density show that the water masses in the upper
layers are well stratified. Below these layers, the water masses are fairly homogeneous.
Seasonal and annual variability are quite small. The stratification of the water provides a
vertical stability which prevents the movement of water from the deeper layers (below
1000 m) up to the surface.

The transport of particles released from the sunken submarine has been modeled by the
Norwegian Institute for Marine Research. Their general oceanographic model indicates a
steady current flowing towards the northeast with a speed of about 0.05 m/s at the accident
site. In the transport calculations, tracers passively follow the currents (advection). Spatial
and temporal variability in the currents lead to a spreading of the particles. Furthermore,
diffusion due to small-scale turbulence in the currents are included as "random walk." The
calculations allow for more vertical transport of the tracers than one would expect due to the
stratification of the water. The effects on commercial fish is then exaggerated since the
pertinent species are extremely rare below about 800 m. The resulting distribution of released
radionuclides in the upper layers of the sea indicates that the highest radionuclide
concentration is found northwest of Spitsbergen; the contamination is distributed over a large
area, however, both into the Arctic Ocean and between Spitsbergen and Greenland.

ENVIRONMENTAL IMPACT

Assuming (1) that the releases from the submarine continue as suggested above, and (2) that
the transport calculations provide an adequate description of the radionuclide distribution, one
may calculate actual concentrations of radionuclides in the sea water. Then, assuming that
there are fish permanently living in those waters, the contamination of such fish may also be
calculated. One finds that in 1995, the contribution from Komsomolets to the radionuclide
contamination of the Arctic waters is no more than 0.01 Bq/m3, of which 0.004 Bq/m3 is
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ascribed to 137Cs. (The total contribution was estimated to have been about 0.02 Bq/m3 in
1991 decreasing to about 0.0008 Bq/m3 in 2089). The water in the Barents Sea already
contains several Bq/m3 of 137Cs from other sources (this is still quite low compared to many
other bodies of water), so the Komsomolets does not significantly increase the present
contamination level.

The concentrations of the various radionuclides in fish are assumed to be proportional to the
concentrations found in the surrounding water. In 1995, releases from the Komsomolets are
expected to increase the radioactivity in the most severely affected fish by a total of about
0.002 Bq/kg. This is a reduction from an estimated 0.005 Bq/kg in 1991. By the year 2089,
the expected contamination will be further reduced to about 0.00005 Bq/kg. The dominating
radionuclides in 1995 are 147Pm (0.001 Bq/kg), l37Cs (0.0004 Bq/kg) and 55Fe (0.0001 Bq/kg).
For comparison, Arctic fish (which are less radioactive than most) typically contain a total of
1-10 Bq/kg of 137Cs.

There are large uncertainties in the above estimates and assumptions, particularly in the
dispersion model. Nevertheless, this study, which does not pretend to completely answer all
relevant questions, clearly indicates that the sunken nuclear submarine Komsomolets
represents no significant hazard to man, today or in the future.
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Chapter 5

Nuclear safety and consequences of
nuclear accidents in the Arctic
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INTRODUCTION

The Kola Nuclear Power Plant (NPP) is the northernmost commercial NPP in the world. The
NPP is located on the Kola Peninsula in Russia, north of the Arctic Circle. The arctic region is
relatively sensitive to consequences of potential radioactive fallout compared with the lower
latitudes. This has been known since the 1960s on the basis of global fallout from atmospheric
nuclear explosive tests, and activity monitoring in the arctic region. Time scales for the cleaning
of the surroundings are relatively long, and thus potential contamination of the surroundings due
to severe accidental fallout may cause long-lasting restrictions on the utilization of the
surroundings and local foodstuffs.

The Chernobyl accident woke up a world-wide general interest in the safety of Russian-type
NPPs, and international programmes have been launched to increase the safety of operation of
the Russian-type reactors. There are 26 WER-440 type of reactors in operation, and two units
of them are operated by Imatran Voima Oy in Loviisa Finland.

All WER-440 reactors have similar primary and secondary circuits: reactor, primary loops and
pressurizer, steam generator and steam turbines, so the thermal-hydraulic features are similar at
the different plants. Thus, the results of accident analyses made for the Loviisa NPP also
illustrate the behaviour of the Kola NPP.

However, the probability of a core damage accident at the Kola NPP can not be assessed from
the results of the probabilistic safety analysis (PSA) made for the Loviisa NPP. A systematic
PSA for the Kola NPP is the only way to estimate the core damage risk of the NPP.

In order to illustrate the importance of the specific features of the arctic site on the doses caused
by radioactive fallout, comparison calculations were done using the same radioactive releases for
the Kola and Loviisa NPP sites. The Loviisa NPP is located on the southern coast of Finland by
the Gulf of Finland, roughly 800 kilometres to the south of the Kola NPP. To avoid the
difficulty of possibly having different potential countermeasures in the Kola and Loviisa NPPs,
the doses were calculated without any protective actions.

Generally the consequences have been calculated for farmers, but because there are no fanners
in the Polyamye Zori area, the comparison has been made between a hypothetical hunter/fisher
in Loviisa and a hypothetical reindeer herder/fisher in Polyarnye Zori. The statuses of reindeer
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herding around the Kola NPP and elk-hunting in the surroundings of the Loviisa NPP are
questionable, but they give some indication of the potential differences between the
consequences at the different sites.

MATERIAL AND METHODS

General features of the Kola and Loviisa NPPs

The Kola NPP is located north of the Arctic Circle by Lake Imandra. The site of the nuclear park
itself is flat, but there are high hills in the vicinity of the plant. The lake covers a wide area in the
vicinity of the NPP, thus making those areas inhabited. At farther distances the boundaries of the
Kola Peninsula (e.g. the White Sea) form natural boundaries for living areas.

The Loviisa power plant is located on the island of Hastholmen by the Gulf of Finland. Owing
to the sea, roughly one half of the surroundings is inhabited. The site is flat.

The Kola and Loviisa NPPs have common good features. The water volumes in the primary and
secondary circuits are large compared with those in typical western pressurized light-water-
cooled and moderated reactors (PWR). The large volumes make the energy densities low and the
fuel cooling effective, and the plants behave smoothly during normal operation and
disturbances.

Despite the positive features, the Kola plant includes some essential risk factors. At the Kola
NPP two reactors are in the same building. There is no leak-tight full-scale containment, and the
emergency cooling systems are more limited than in Loviisa. Moreover, the fire risks are
relatively high, and the redundancy of the safety systems is lower. The safety systems are not
designed for large leaks or severe accidents. The activity monitoring is designed at the
maximum for 10% fuel damage, but in the case of a more severe accident, the source term is out
of scale. During an accident the high ventilation stack will be closed and the activity is blown
via openings to the inner yard of the plant site. In accident types where the activity is released
straight above the reactor, no system has been designed to control the releases or to mitigate the
consequences.

An accident at the Kola NPP causes more difficult working conditions than at the Loviisa plant.
Owing to the lack of tight containments the radioactive material is likely to spread or be vented
quite early to many areas of the plant and to the plant yard. This results in a higher risk to the
workers, makes the accident more serious and hampers post-accident management. Moreover, in
the case of a core-melt accident there apparently is a higher probability of bigger releases than in
units fitted with a containment.

Meteorological data

At the Loviisa site, the local hourly average meteorological observations were used for
consequence estimates.

Owing to the author's lack of local meteorological data on the Kola NPP site, the observations
on the years 1961-1980 in Sodankyla and Ivalo (Heino and Hellsten, 1983) in Finnish Lapland
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have been used. Sodankyla and Ivalo are located some 250 km to the west of the Kola NPP, and
they are the nearest meteorological stations in Finland having the necessary observations.

The meteorological situation at the Kola NPP located in the borderland of the Kola Peninsula,
Lapland and Karelia may be different from that in Finnish Lapland. In the vicinity of the Kola
NPP the high hills will affect the wind trajectories, too. Thus, the meteorological data used in
this study only give a rough impression of the probable consequences.

Computer codes for dose assessments

The consequence calculation models used in this study are the ROSA and TUULET2 codes. The
ROSA code (Reactor Accident System for Dose Assessment) has been developed by the
Technical Research Centre of Finland (VTT) (MSkynen, 1994). The ROSA code is a user-
friendly interface application of the ARANO code (Savolainen et al., 1977; Vuori, 1978;
Nordlund et al., 1979). The other code used was TUULET2, which has been developed in
Imatran Voima Oy (Saikkonen, 1992; Rantalainen and Saikkonen, 1994).

The TUULET2 code calculates consequences using monthly transfer parameters, and thus takes
the seasonal effects - short summers and snowy winters - on dose pathways into account.
Models not distinguishing the differences between the dormant and growing seasons and
between the ice coat or snow cover and open lake and thawed ground cannot make a
probabilistic assessment of the doses in arctic regions.

Source term of accident analyzed

To illustrate the potential consequences of accidents a severe accident release case has been
calculated. The delay between the shut down of the reactor and the start of the release was
chosen to be 3 hours. The release duration was one hour, and the release height was 100 metres.
The released nuclides as fraction of reactor inventory were the following: Kr,Xe:1.0; 1:10"';
Cs,Te,Sb:10''; Sr,Ba:10"2; Y,Nb,Ru:10"2; La,Ce,Pr,NcLU,Np,Pu,Am,Cm:10"3.

Dose pathways and integration times

For illustrating the special features of the arctic region, a comparison has been made between the
doses at the Kola and Loviisa sites. The consequences are dependent on the seasons and the
weather, the properties of the surroundings and the living habits. The local restrictions imposed
by geographical factors, such as lakes and seas, have been taken into account. The population
centres have been selected as they are in reality. But, instead of applying real local living habits
around the Loviisa and Kola NPPs, those of selected hypothetical persons have been used. The
doses have been calculated up to a distance of 100 km, because the maximum consequences are
within that range. The doses for an adult person were calculated without and with ingestion
pathways. The integration times used were 24 h and 1 a.

The probability distribution of the consequences has been computed, from which the median
values of doses and the highest doses at 95% certainty level in different directions, have been
selected.

The pathways, living habits and other such factors used have been shown in Table 1.
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RESULTS

The doses without ingestion pathways around the Kola NPP have been shown in Fig. 1. The
doses around the Loviisa plant are similar. Fig 1. shows that within all probability the doses
caused by fallout of a severe accident during the first 24 hours are smaller than 1 Sv at distances
greater than 5 km from the NPP. At a distance greater that 30 km the doses will be smaller than
0.1 Sv. This shows that acute health effects caused by radiation exposures are very improbable
at distances of well over 5 kilometres. The doses during the first year - without any restriction on
living habits - are higher by about a factor of four than those during the first 24 hours. The
median doses during the first year is by about a factor of 20 smaller than the 95% certainty level
dose.

When the dose assessment also includes the ingestion pathways depending on geographical
factors and utilization of the surroundings, the doses may increase considerably. Comparison of
the relative doses with ingestion pathways at the Kola and Loviisa sites has been shown in Fig.
2. In Loviisa the first lake for fishing and areas for hunting are at the distance of 5 km. In Kola
reindeer herding was supposed to take place at distances of 10 km and over. These facts cause
the local peaks to the doses shown in Fig. 2. At distances over 10 km and at the 95% certainty
level, the maximum doses in Kola and Loviisa typically differ from each other by a factor of
four.

Table 1. Pathway groups considered, living habits, inhalation rate and amounts of foodstuffs consumed

Pathway indicated or the parameter value used

External exposure from
-plume
- ground deposition

Staying times (ha1)
- sailing
- swimming
- on shoreline

Inhalation rate ( m V )

Consumption of local foodstuffs (kga"1):
- green vegetables
- root crops
- berries, fruits
- wild mushrooms
- cereals
- local cow milk
- local cow meat
- elk meat
- reindeer meat
- predatory fish
- pray fish

Pathway group

person

x'
X

8400

fisher& hunter
(Loviisa)

X

X

1000
4
1000

8400

35
80
18
2
70
30
35
20

20
20

'x means that the pathway is considered, otherwise not

fisher& reindeer
herder (Kola)

X
X

1000
4
1000

8400

35
80
18
2
70
30
35

50
20
20
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Doses via external radiation and inhalation at selected probabilities and dose integration times
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Figure 1 Doses from external exposure and via inhalation at different distances from the Kola
NPP. The dose integration time is 24 hours and 1 year. The notations of the curves
mean the following: 95% refers to the 95% certainty level, 50% is the median value.
la and 24 h refer to the dose integration time. The inhalation doses are those of 50-
year dose commitments.
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Figure 2. Relative doses from external and internal exposures during the first year after the
release at the Kola and Loviisa sites at different distances. The biggest dose is
normalized to be equal to one. The living habits and local food consumption are shown
in Table 1. Curve notation 'kola' refers to the Kola site, and 'lovi' to the Loviisa site.
Curves show the biggest 95% certainty level dose of different directions.
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ESTIMATION OF POTENTIAL RISK FOR THE POPULATION FROM

POSSIBLE ACCIDENT AT THE KOLA NUCLEAR POWER PLANT

Amosov P.V. (Mining Institute &Institute of Industrial North Ecology Problem KSC RAS)

Baklanov A. A. & Mazukhina S.I. (Institute of Industrial North Ecology Problem KSC RAS)

One of central problem of the information on quick response system of radiation

accident is the estimation of risk for the population in the region and calculation of

the variants of population evacuation from zones of increasing risk.

A number of program products is now being developed enabling to simulate

various of post-accident situations and to evaluate risk for the population.

Code MACCS is one of such packages. It consists of several program blocks (ATMOS,

EARLY, CHRONC, OUTPUT), in which certain sequence of models is laid. It

allows to simulate a sufficiently complete set of atmospheric processes, situations

and actions, which can be used by the population with the purpose to reduce

radiating effects.

In the report there are presented the results of modeling only phases of accident,

received with the help of the first two blocks of the code - ATMOS and EARLY .

Use of the block CHRONC for modeling of intermediate and long-term phases of

accident is now constrained by back of the objective information by a number of

economic parameters.

The data, necessary for estimating, were prepared from the analysis of the

preceeding work of the institute in this area and according to the instructions of the

code :

- characteristic of radioactive emissions regarding the assumed scenario of an

accident (inventory main radioactive nuclides with their attributes on the moment

of accident, release duration, height of plume rise and others);
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- " wind direction distribution " within the Kola nuclear power plant area (fig. 1),

the first element of a file, coinciding in to the northern direction and constant

weather conditions (class of stability, height of a layer of mixing, size of deposits and

wind speed on rims of the zone obseved);

- geometrical grid with real distribution of the population in definite settlements

(fig. 2) and other necessary parameters.

As the scenario of the response on accident the following variants were considered:

A) "Fast" evacuation from a zone under observation with average radial speed of 1.8

M / sek;

B) "Slow" at speed of evacuation of 0.1 M / sek;

C) No evacuation, when the population continues to be left they used to.

It was assumed, that official announcement of the population would be made in 4.8

hours after an accident, and evacuation began in 2 hours after the alarm.

The analysis of the results obtained shows, that by some characteristics of the

response to an accident the simulated scenario have essential differences, and by others

they are similar. For example, " radius of early fatality " at the same degree of risk 0.05

in the script A is of 5 km, and at smaller speed of evacuation (script B), this parameter

is already equal to 10 km. "Radius of early fatality " for script C is 7.5 km.

Under evaluating an average individual risk of early fatality, non-zero value is

defined only for the script B, when the population, being evacuated very slow ly and

not having any protection factors against radiation, is subject to radiation for a longer

time.

Comparison of the responses to an accident by the parameter of quantity of the

people, which receive a radioactive doze, exceeding a threshold, shows, that for the

population of south-east direction was most dangerous for lungs and red marr

(settment Zasheek), and the doze exceeding of a threshold during life for the whole

body is observed for the population of cities and settlments, located to a southern

direction from the station (a @. Poljarnye Zory, Nivskyi, Pinozero). And dispite of

the script of the accident response, the number of the people is of 26300

persons, i.e. a half population which is in the sector of this direction.

Only for the script B the average individual risk of early fatality was equal to

0.000294 within the range of distances from 7.5 to 10 km.

The certain interest is caused the information on health effects cases in different

inhabited localities. For example, the information on health effects cases (early

fatality/total within 20 and 30 km and early injury/pneumonitis within 30 km) is
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presented in table 1 for Zasheek. The early effects cases by the script B is

observed by 30 higher than for the script A, but only by 7 times more than for

the script C. Analysis of calculation results shows that for a southern direction

(the mostly inhabited) by such attribute as cancer injury/skin among the analysed

scripts of distinctions is not observed. At the same time on cancer fatality of

separate organs (lung> breast and other) the heaviest consequences are predicted

for the script "slow" evacuation, and scripts A and C are pracrically identical.

Table 1

Health effects cases for Zasheek

Early fatality or

early injury

Early fatality (20 km)

Early fatality (30 km)

Pneumonitis (30 km)

The script of the response

A

13

13

0

B

418

418

16

C

60

60

2

In addition, for the mentioned above scripts of the accident response the

calculations with the changed characterisric of radioactive emissions on a level of

activity and duration were executed. Both these parameters correspond used at

calculation of radiating conditions in radiologic game "Poljarnue Zory - 95".

Some calculation results are presented in the table 2.

Table 2

Health effects cases for a Poljarnye Zory, Nivskyi, Pinozero

Early fatality or

early injury

Cancer injuries/total (30 km)

Cancer fatality/total (20 km)

Cancer fatality/total (30 km)

Cancer fatality/lung (30 km)

Cancer fatality/breast (30 km)

Cancer fatality/leukemia (30 km)

The script of the response

A

22

5

6

2

1

0

B

35

12

12

6

2

0

C

33

11

12

5

2

0
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GIS-application for Analysis of Risk of

Radioactive Contamination

by A. Baklanov, O. Rigina, E. Klyuchnikova, L. Nazarenko

Institute of Northern Ecological Problems of Kola Science Centre of Russian Science
Academy: 14, Fersman str., 184200 Apatity, Murmansk Region, RUSSIA

According to the international project of KOLANET on the information providing of ecological problems
in the Barents Region, one of the main tasks is the elaboration of the information system of quick-response
on radiation accidents for the Kola Peninsula and the countries of the Northern Fennoscandia.
Alongside with the monitoring system, the conception of the information quick response system includes
prediction of radiation situation and possible consequences on the basis of mathematical models of several
scales: from the plant territory up to the Northern Europe region, with use of the GIS-technology.
As the first task of the above-mentioned project, a data base and a map (within the GIS ARC/INFO) of the
radiation risk objects has been created for the Kola Peninsula as well as for the Northern Russia. The data
base includes the characteristics of the nuclear power objects on the Northern Russia; information about
the ships with nuclear reactors, both civil and naval: the plants, working with nuclear fuel and materials;
data on nuclear explosions; burials and dumping of radioactive wastes; depositories of nuclear wastes and
materials.
One of the necessary problems, demanded the use of GIS-technology, is estimation of radioactive situation
at the Kola Peninsula and possible radioactive risk for the Barents Region on a basis of mathematical
models of various types.
Let us dwell on one of the important radiation risk objects at the Kola Peninsula : Kola Nuclear Power
Plant (KNPP). The atlas of electronic maps of possible zones of radioactive pollution and dozes of
radiation for the Kola region is presented in GIS ARC/INFO. It includes the modelling results of the
radiation situation after a hypothetical accident at KNPP for most dangerous for the region situations.
For above-mentioned problem, GIS was used only for presentation of the already calculated by the model
radiation characteristics. The problem of estimation of risk for the population after a radiation accident in
the region demands more active use of GIS in the whole volume: for preparation of input geographical
information for the model as well as for analysis of calculated fields. Currently, the work on estimation of
levels of radiation risk for the population from an accident on KNPP is carried out within the bounds of
the Russian-Norwegian programme of co-operation.

KOLANET international project

The problem of creation of the systems of radiation monitoring and quick response to great nuclear
accidents is an international problem. Especially, that concerns the Kola Peninsula and the
Scandinavian countries, because many nuclear and nuclear-energetic plants, depositories of radioactive
wastes are concentrated in the Murmansk region. Deterioration of radiation situation is explained by the
presence of nuclear test-ground at the islands of Novaya Zemlya.
At present several projects are elaborated according to these problems in Russia and Scandinavia. In
June 1992 the Kola Science Centre and DIGITAL equipment corporation prepared the joint KOLANET
project on realisation of the environmental information system of the Kola North. In November 1992 by
the initiative of the INEP, KSC and the Murmansk Committee on Nature Protection the co-ordinating
meeting with representatives of Ministries of environment of Sweden, Finland and Norway defined
plans of the project realisation by each side. According to the international project of KOLANET /4/ on
the information providing of ecological problems in the Barents Region, one of the main tasks is the
elaboration of the information system of quick-response on radiation accidents for the Kola Peninsula
and the countries of the Northern Fennoscandia.
The realisation of the system of quick response has been started on the example of the Kola NPP in the
nearest affected zone (50 km radius) within ASKRO KolaNPP. The development of the project of
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KOLANET according to IRIS/Russia Programme in collaboration with MinPriroda of RF and Dormer
company (Germany) is planed within the Barents region and will include the Murmansk and
Arkhangelsk regions, Karelia (Russia), Northern Lapland (Finland), Finnmark (Norway), Norbotten
(Sweden). It is expected to include the cities and institutions of the Northern Fennoscandia and Northern
Russia into the net of information centres of the system. For implementation of the network of

KOLANET Project the Digital equipment corporation has contributed 15 DEC stations 5 000/200,
which have been installed in the institutions - partners of the Project for INTERNET communication. In
March 1995 four-weeks training courses for users took place in Svanhovd (Norway), and in June 1995
workshop meeting of all partners were held in Apatity(Russia) for creating further steps on the project
implementation.
Alongside with the monitoring system, the conception of this information system includes prediction of
radiation situation and possible consequences on the basis of mathematical models of several scales:
from the plant territory up to the Northern Europe region, with use of the GIS-technology (Figure 1).

GIS: ARC/INFO Mathematical models Data Bases and channels
of information

Geographical maps of the
region (various scales)

Data Bases on radiative risk
objects in the Russian North

Scenario of
radiation accident

Data Bases on population anc
infra-structure of the region

Maps of contemporary eco-
logical load on the region

Maps of operative forecast
of trajectories of transport
and radiation state

Data Bases on meteo-
information

Estimation of meteo-
fields and transport traces

Data Bases on scenarios
of evacuation

Maps of levels of radiation
risk

Calculation of
radiation situation

Figure LScheme of information system of modelling with use of GIS technology

GIS- Data bases on objects of radiation risk and state of Russian Arctic

Most of all data of regional environmental IS have geographical shape of presentation, so the GIS-
technology allows to raise level of Data Base organization and simplify work with it. More
perspective direction in the institute is use of GIS in the process of mathematical modelling of
environment.
As the first task of the above-mentioned project, a data base and maps (within the GIS ARC/INFO) of
the radiation risk objects and contemporary radiation situation has been created for the Kola Peninsula
as well as for the Northern Russia (Figure 2).
The data base includes the characteristics of the nuclear power objects on die Northern Russia;
information about the ships with nuclear reactors, both civil and naval; the plants, working with
nuclear fuel and materials; data on nuclear explosions; burials and dumping of radioactive wastes;
depositories of nuclear wastes and materials.
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Figure 2. Units of radioactive risk of Russian Euro-Arctic region

Modelling of possible radiation consequences

One of the necessary problems, demanded the use of GIS-technology, is estimation of radioactive
situation at the Kola Peninsula and possible radioactive risk for the Barents Region on a basis of
mathematical models of various types.
The developing and adaptation to the regional conditions are carried out for the models of various
levels: from local (~ lkm) to regional (- 1000km).
• The numerical 3-D model of atmosphere dynamics and dispersion of radioactive pollution after a

hypothetical accident over complex topography for the nearest zone to the Kola NPP151, elaborated
by the Institute of Northern Ecological Problems of the Kola Science Centre in collaboration with
the Computer Centre of Siberian Division of the Russian Science Academy. This model has been
included in the new state normative methods of calculation of radiation pollution of
INTERATOMENERGO 12/ as expert model of third level. Testing of this model was perform using
the data from the Chernobyl accident and for the Kola NPPs.

• For meso-scale the model of atmosphere dynamics within the framework of the PHOENICS
software is being done by National Defence Research Establishment, FOA, Umea, Sweden in
collaboration lil.

• For regional scale of Northern Fennoscandia the model of Draxler 19/ is used and
MATHEW/ADPIC models are adapted jointly by FOA and Lawrence Livermore national
laboratory (USA) 111.

• For analysis of risk levels and possible consequences of radiation accidents for the population, the
model MACCS (USA) 161 will be used. Research using this model was started by the Norwegian
Institute of Energotechnics and INEP for Norway and the Kola Peninsula.

Let us dwell on one of important radiation risk objects at the Kola Peninsula : Kola Nuclear Power
Plant (KNPP). Let us calculate radiation situation for nearest to KNPP cities: Polyarnye Zori, Apatity,
Kirovsk til. Because KNPP is situated in a complex topography, let us calculate velocity fields and
turbulence by a mesoscale 3D model 15/ and take into consideration real surface relief for most
dangerous (for these cities) meteo- conditions . The Figure 3 presents results of radiation dose
calculation in ARC/INFO.
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Figure 3. GIS presentation of the calculation of consequences of hypothetical
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Use of spatial numerical 3D model allowed to estimate influence of the topography on dynamics of
radiation emission dispersion, expressed by inhomogeneity of pollution of surface water and soil by
radionuclides and presence of peaks of heightened activity in Kirovsk and Apatity area .
The atlas of electronic maps of possible zones of radioactive pollution and dozes of radiation for the
Kola region is presented in GIS ARC/INFO.
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"Scenario for the severe beyond design basic reference

accident at Kola NPP and its radiological consequences"

A.P.Dubkov, V.F.Kozlov, I.B.Guravlev, L.M.Luzanova, N.F.RepniJcov,

O.V.Halturzeva, E.A.Zygankov, RRC "Kurchatov Institute*, Russia

Primary pipeline break LOCA ( Def .»200mm ) with simultaneous

loss of power in Unit HI WWER-440 ( type 230 ) is assumed for the

beyond-design-basis reference accident at Kola NPP.

Thermal-physical calculations for this reference accident

are performed using "MELCOR" code [1]. These calculations

indicate that claddying failure and fuel melt with the fuel

temperature above 1200 C occure during the first 1000s into the

accident.

Using the temperature distribution inside the core fission

products release is computed during the heat-up and fuel melt

sequence using the CORSOR [2] model of MELCOR code and on the

basis of experimental data stated in NUREG/CR-0722 (1982) .

Assume, that fission products are instantaneously released

from the fuel at an appropriate temperature and not during a

certain time period ( about 8000 s ) in terms of CORSOR model.

Here iodine is released into the steam air mixture of the

leaktight compartments in molecular ( 99% ) and organic ( 1 % )

form and ceasium in the form of aerosols.

The fission products from leaktight compartments are

released into the atmosphere with the steam-air mixture. These

except the noble gases are assumed to be deposited on equipment

and compartment surfacers, removed from these surfaces and

captured by the spray system water. Using LEAK W230 RRC

"Kur ehatov Institute" code both the fission products transfer in

the leaktight compartments and releases to the atmosphere are

computed.

Some biologically important fission products release

calculations under the reference beyond-design-basic-accident at

Kola NPP ( Unit Nl ) are shown in table 1. Such an accident is

rated as level 6 by INES scale [3].

Without taking into account protective measures (sheltering
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and administration of stable iodine compounds) the expected

individual dose for the critical group of population ( children

1-8 years old, pregnant women ) as well as for adults is computed

using the "DOSA" code of the RRC "Kurachatov Institute" (table 2) .

Analysis of the reference beyond-design-basic-accident at

Kola NPP and its radiological consequence indicates the

following:

1. Fission products release occurs during the first hour

into the accident. It include no more than 3% of volatile

products and 7% gases containing in the core.

2. The thyroid inhalation dose for 1-8 years old children at

an early fase of the accident ( 10 days ) excceeds the

interventional level ( 500 mSv ) specified in Russia for

obligatory evacuation [4] up to the distance of 24 km from Kola

NPP, for adults (5000 mSv) up to to 3 km, while for the whole

body dose it is 50 mSv - up to 10 km for children and 500 mSv -up

to 1 km for adults.

[1]. MELCOR 1.8.2. Computer Code Manual Vol.1 Primer and

Users Guides. Vol.2 Reference Manual and Programmers Guides.

Sandia National Laboratories, US, 1993.

[2]. Corsor Users Manual, NUREG/CR-4173, Bettelles Columbus

Laboratories, US, 1985.

[3]. INES: The International Nuclear Event Scale, User

Manual, Revised and extended edition, IAEA, Vienna, 1992.

[4]. V.F.Kozlov. Reference book of the radiation safety.

4 edition, Energoatomizdat, Russia, 1991.
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Table 1

Fbaoo Products Release into the Atmosphere under the
Beyond - Dsign - Bask Referense Accident at Kola NPP,TBq

| Physical- i
i chemical !
j forms I 3.0E + 02
i :

Tine after accident, s

6.0E + 02 6.0E +03 1.2E +04 3.0E + 04

IMoleknlar iodine

| 13II

i I M I
i I M I

3.0E + 00

6.7E + 01

4.4E+ 01

2.4E +02

3.2E + 02

2.7E + 02

3.6E + 04

7.0E + 04

6.7E + 04

3.6E + 04

7.0E + 04

677E + 04

3.6E + 04

7.0E + 04 |

6.7E + 04 j

i Organic iodine

! 13II
• 133

! I
| '"I

3.2E- 02

7.0E-01

5.0E • 01

2.9E + 00

3.7E + 00

3.2E + 00

8.5E + 02

1.6E + 03

1.5E + 03

8.9E + 02

l.TE + 03

1.6E + 03

8.9E + 02 i

1.7E + 03 j

1.6E + 03 I

[Nobles gases

1 **"&•

| rKr

] "Kr

| 1MXe

j n 5 Xe

6.6E -I- 00

3.3E + 00

2.5E + 00

4.8E + 01

4.8E+00

1.5E + 02

3.0E + 02

1.5E+02

6.3E + 02

2,7E +02

!.8E + 04

3.3E + 04

5.2E + 04

1.7E + 05

5.1E +04

1.9E + 04

3.4E + 04

5.2E + 04

1.7E + 05

5.1E +04

1.9E +04 I

3.4E + 04 ;

S.2E + 04 i

1.7E + 05 |

5.1E +04 ]

1 Aerosols

| >MCs

j '"a
1.8E - 02

24E-02

7.8E + 01

7.0E + 01

4.0E + 03

3. IE + 03

4.0E + 03

3. IE + 03

4.0E + 03 i

3.1E + 03 |
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TaUc2

Whole Body and Thyroid Individual Dose of Population
at an early Fase of the Reference Accident Kola NPP , Sv

Adults

j Adults

Addis

.Children

Adults

Children

Adults

Children

Adults

Children

Adults

Children

Adults

DbUace from
KobNPP.km

1

3

S

5.5

5.5

10.0

10.0

14.0

14.0

20.0

20.0

30.0

30.0

Whole
body

1.90

0.29

0.13

0.16

0.11

0.06

0.04

0.04

0.03

0.03

0.02

0.02

0.01

ThjrroM

39.0

5.8

2.5

3.7

2.2 j

1.5 |

0.87 i

0.91 ;

0.33 I

0.61 \

0.36 j

0.34 j

0.20 }

376



REACTOR ACCIDENT CONSEQUENCE ASSESSMENT IN THE ARCTIC

PROBLEMS ENCOUNTERED WHEN APPLYING STANDARD METHODS

To be presented at the
International conference on environmental radioactivity in the Arctic

Oslo, Norway, August 21th - 25th, 1995

UlfTveten
Institute for energy technology

Kjeller, Norway

INTRODUCTION

In 1992 the Institute was requested by the Norwegian Ministry of the Environment to
perform calculations of the potential risk in Northern Norway from an accident at the
Russian nuclear power reactor plant at the Kola peninsula.

The area for which calculations should be performed is special in many respects, and a
reactor accident consequence assessment with all exposure pathways included has not
previously been performed for conditions typical of such an area. Previous analyses
have almost exclusively been performed for temperate to sub-tropical climate zones,
typically for sites in Mid-Europe or the USA.

Some preliminary calculations were carried out in 1993, applying the probabilistic risk
assessment model of the US Nuclear Regulatory Commission (MACCS). It became
evident that important input data required by the model was impossible to obtain
within the time and cost frame of the project, and also that some parts of the model
were not suitable for this particular application. The preliminary results show a situa-
tion where several different exposure pathways are about equally important.

A detailed program for further data collection and model modifications was proposed.
Alternative models or computer programs have also been considered. It has not yet
been decided how to proceed with this task.

SHORTCOMINGS OF PRESENT MODELS AND AVAILABLE DATA

The most obvious difference between Arctic areas and areas for which this type of
calculations has previously been performed is the importance of winter conditions.

The other problems are mostly related to the nutrition exposure pathways.

In the northern part of Norway the production of agricultural products for human con-
sumption is very limited because of the harsh climate. This is not a problem in itself. It
just means that the population dose via these exposure pathways will be low. But when
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some of the agricultural products that "normally" are important are more or less
absent, this means that other types of foodstuff have a much higher significance than
"normally". Some of these foodstuffs are not found at all in other geographical areas
(e.g. reindeer), and some are summarily considered unimportant (berries, mushrooms).

The climate obviously has a strong impact upon growth conditions, and many of the
parameter values normally used in calculations of this type, as well as some modelling
assumptions, will be invalid. Valid values/assumptions may exist, but our experience
shows that they are difficult to find.

It is also problematic that much of the food production in Arctic areas takes place in
natural/semi-natural environments while the available models are designed to describe
"ordinary" agriculture, where feeding and animal behavior is more or less under
complete control.

Freshwater exposure pathways are "usually" of minor importance, and if included in
the models at all, are modelled with extreme simplifications. In North Norway fresh-
water fish is a very important exposure pathway, and the models routinely used are far
from adequate. Drinking water is almost never an important exposure pathway.

In other parts of the Arctic areas the "exotic" nutrition pathways may be others, e.g.
gull's eggs, meat from seal and whale, types of game and fowl not hunted or found
elsewhere. Many problems similar to the ones mentioned above, by the way, will also
be encountered when desired to perform dose calculations for sites in tropical areas.

WINTER CONDITIONS

Deposition

Dry deposition on a snowcovered surface will be lower than under summer conditions.
Deposition with precipitation will be larger when the precipitation is snow than when it
is rain. It is not certain that the differences are sufficiently large for these aspects to be
of importance in a risk estimation.

Run-off

There is no run-off until the snow melts. Then, however, the run-off may be much lar-
ger than if the contamination had taken place during summer conditions. The most
important aspect of this situation is probably that more of the contaminant will end up
in the rivers and lakes, and subsequently that the concentrations in fish will be higher.

Vertical movement in soil

Because of the long winter season the vertical displacement of contaminants in the soil
will be considerably slower than in other areas. In areas with permafrost this effect is
probably even more pronounced. In other words, the "aging" of the radioactive conta-
mination will be slower than in other areas and this again may have impact upon root
uptake to plants and external radiation exposure from radioactive materials deposited
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- Potatoes

- Other root vegetables
- Strawberries

0.3177 km2

0.0743 "
0.00128. "

upon ground. Concerning the latter effect, this may be partially counteracted since
persons in these climates possibly spend more time indoors.

NUTRITION PATHWAYS IN NORTHERN NORWAY (FINNMARK)

Crops for human consumption

Finnmark is the northermost county of Norway and borders on Sweden, Finland and
Russia. Production of crops for human consumption in Finnmark is very limited, and
the crop areas are as follows:

} 0.4048 km2 ( = 100 acres)

For comparison, the area of Finnmark is 48,637 km2, which is more than twice the size
of e.g. the state of Massachusetts. With such a low production it is evident that the
population dose via crops for human consumption will be low. This means, on the
other hand, that the contribution to the population dose (to the whole Norwegian
population) from crops produced in other, more productive and more distant parts of
the country may be considerably higher.

In most available models many of the parameters in calculations of dose from crops are
required to be constant over the whole area for which calculations are performed. In
the calculations for Norway this limitation causes serious problems. This will be
discussed in detail in the following.

Crop yield

The crop yields in an arctic environment will mostly be much lower than in a temperate
climate. A first impression would be that this is a trivial problem, and just a matter of
putting in the right crop yields. However, the interception factors (the fraction of the
deposited radioactive materials which remains on the plants) and transfer factors (root
uptake) are also linked to crop yield. The interception factor will evidently be smaller
when the crop density is much smaller than what is "normal" ("normal" in this connec-
tion means temperate climates). The transfer factors are probably also different, mainly
because growth intensity will be high in a cold climate, where the growth cycle must be
completed in a short time span; and in an area where there is also an abundance of light
(the short or absent summer nights).

Variation in agricultural production

The American MACCS program has one particularly troublesome limitation: the rela-
tive production of different crops must be the same over the whole area for which cal-
culations are performed. In other words, it is not possible to have one part of the area
where the dominating production is e.g. potatoes and another where the dominating
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production is grain. In Norway such differences in production pattern are very pro-
nounced. Agricultural practices and production in Finnmark in particular are quite dif-
ferent from those in the southern part of the country. (The distance from the south to
the north of the country is the same as the distance from southern Norway to Rome,
and agricultural conditions in southern Norway are obviously very different from those
in mid-Italy).

The most serious effect of this hmitation, however, appears in connection with the milk
pathway. The model requires that the fraction of agricultural land which is pasture is
the same in all parts of the country. In Finnmark there is almost no production of crops
for human consumption, and almost 100% of the agricultural land is pasture.

EU's model COSYMA does not seem to have this weakness, but on the other hand,
the nutrition pathways input in COSYMA is much less flexible than that of MACCS,
and it is not clear whether it is more suited as a whole.

Animal transfer factors

The models routinely have only one set of meat transfer factors. The default values in
the MACCS program are for American meat production, which is composed of 42%
beef, 29% pork, 24% chicken and 5% turkey, and for each of these animals the trans-
fer factors are different. For Finnmark the meat production is composed of 63% meat
from reindeer, moose and other game, 25% beef, 3% mutton and 9% lamb, and the
meat transfer factors had to be recalculated. It is only possible to use one set of meat
transfer factors in a calculation, and this would imply that the combination of different
types of meat is the same all over Norway. This is absolutely not the case, and this
limitation also contribute to make the overall results invalid.

Pasture areas

A basic assumption in all models of this type is that the amounts of different agricultu-
ral products produced are consumed completely (except for some factors talcing loss
from food processing and food preparation etc. into account). This assumption is also
used for products produced as animal fodder. This implies that e.g. the grass growing
on the pasture area exactly balances the number of animals in the area. This assumption
is not valid in many areas of the world, particularly where natural/semi-natural areas
are used for agricultural purposes. In Norway sheep, reindeer and game mostly or
exclusively graze natural/semi-natural pastures. The areas grazed are very large, and it
is difficult to evaluate the amount of feed grown, since the growth conditions within
the area may vary strongly; and in most cases only a small fraction of the animal fodder
which grows in these pastures is consumed.

The models which are available are not designed to handle this situation which is
quite important in many areas.
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Reindeer

Reindeer has long been recognized as a special problem in connection with radionuc-
lide uptake. The diet of reindeer is quite different from that of cattle or sheep. It varies
somewhat with season, but mostly it consists of lichen. From a radiological point of
view lichen is different from grass: Deposition is generally higher on lichen (intercep-
tion factor close to 100% for lichen, compared to 30 - 40% for grass). Wash-off is
much slower on lichen, with half-times on the order of several years. Lichen does not
die in fall the way grass does. It remains intact over the winter, and can reach an age of
perhaps 40 years. In addition, there is no root uptake to lichen. If the assumptions usu-
ally chosen in calculations of this type for interception and wash-off (namely for grass)
are used, the population doses via the reindeer pathways will be significantly under-
estimated.

Although the interception and wash-off parameters can be chosen to correspond to
lichen, the problems are not solved. In none of the available models is it possible to
allow different species of meat animals to have different diets. This is because one has
not seriously considered any animals other than cattle. If it is choosen to specify that
the group "meat animals" eats lichen, it implies automatically that cows and sheep also
eat lichen; otherwise one will have to assume that reindeer eat grass.

The preliminary calculations for Finnmark show that dairy animals, sheep and reindeer
are more or less equally important.

Freshwater exposure pathways

Some of the freshwater exposure pathways are nutrition exposure pathways; mainly
exposure via drinking water and fish. There are also some more "exotic" freshwater
exposure pathways, like swimming, spending time on lake-shores and exposure via
fishing gear, but these are generally of much less importance. It is also generally found
that of fish and drinking water from the same freshwater body, fish will by far be the
most important of the two.

In the geographical areas for which risk or consequence calculations have previously
been performed the population dose from freshwater fish has been very low compared
to the population doses via other exposure pathways. In Finnmark, and probably many
other Arctic areas, this is not the case. The freshwater fish catch in Finnmark is repor-
ted to be about 400 tonnes per year. For comparison: the amount of reindeer meat
produced per year is about 1700 tonnes, of beef about 700 tonnes, of mutton and lamb
about 200 tonnes.
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TIIP system of environment radioactive contamination

monitoring began to function as a part of hydrometeorologycal

serviso in the sixties-seventies with tho purpose of evaluating of

widescslp environment pollution caused by Russian and foreign

nur Jeiir tpst«i and by some nuclpar plants.

Ihe unique possibilities of the net of hydrometeoralogycal

stations were used for reaching this aim. This net has a required

spatial density for monitoring the processes caused by I oth

regional and local atmospheric transport and water flow.

Appropriate means of communication, sea and river ships,

aircraft give to Roshydromet the possibility to make an operative

analisis and to define more exactly the real situation.

The Institute of Applied Seophisics — IAG (now the Institute

of Global Climate and Ecology) and of the Institute of

Experimental Meteorology <SPA "Typhoon", Obninsk) have a g 'eat

experience in carrying out the measurements of radioactive

pollution parameters and using meteorological and hydrological

information for determination of the possible sourses of ra.'iio-

activp contamination. This made it possible to ensure the required

quality level of the data received by monitoring network arid to

mal<r the scientific interpretation of this information.

The crpatton of this monitoring cistern had especially c;reat

importance for assessement of situation in the Arctic regxen of

Russia, where specific conditions made it possible to establish

the sufficiently dense stationary monitoring network only or. the
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base of hydrome teorolog ical stations and where the expedi t icsnal

investigations were most effectively used.

159 arctic hydrometeorological stations make measurements of

the power of expositional dose <PED) of gamma-radiation, 51

statinns — the density of atmospheric radioactive fall-out (plnne —

table network) and 12 stations - the concentration of aerosols

(the network of air-filtrating devices). 13 hydrological stations

sited in the mouths of main Arctic Ocean rivers make water

sampling and preliminary treatment of samples. Regional

laboratories (Murmansk, Arkhangelsk, Novosibirsk) make isotap

analysis of samples from the stationary network.

Operative information on high levels of pollution (PED and

total beta-activity) taken by monitoring stations as well as

information on abnormal isotop structure from regional

laboratories is transmitted to the Information Centers af fchP

Monitoring Sistem (Moscow and Obninsk) by cable (or by radio for

hardly reached stations).

According to the results of the treatment of received

information, the working regime of the stationary monitoring

system may be corrected if needed (for example, implementation of

more frequent sampling, operative transportation of samples to

laboratories, analising on iodine isotops, etc.). In addition the

decision may be taken to begin operative investigations including

tht; use of aircraft.

In this case IAG USPS the special aircraft-laboratory C\N-

30rr. Some results received with thp help of this aircraft <uere

already presented here in Dr.Andrei Ivanov's report.

This aircraft was also used for regular pollution control of

air masses on its trajectories (in remote zone) from the plac<? of

nuclear tests on Novaya Zeinlya.
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Table 1 presents the results of aircraft air samples

analysis, which are typical for underground nuclear tests uiith

following discharge of radiofctive noble gases in this place-

Table 1.

RaJ ionuclydes : Concentrations in air, Ci/m3

: Averadge while monitoring : In 5-0 hours
: after experiment 1 :after experiment 2

Kr 87 (3-5)-10"* (1-2)-10"*
Kr-B8 (1-2)-lO"' (4-6)-10"6

Rb-88 (2-3)-1O"7 (4-6)-10-»
Xe-135 (1-2)-10-" <5-6)-lO"*
Cs-138 - (5-6)- lO" 7

The great importance for evaluation of radioactive pollution

uf the Arctic seas and the amount of radionuc1 ides ' river

transport in them have inves t igat iofis that Roshydromet carries

out on its ships in marine expeditons and stationary monitoring in

the final points of north rivers. The results of these

investigations were also presented here in the reports of

Dr.fllexandr Nikitin, Dr.Vladimir Chumichjov and Dr.Sergei

Vakulovsky.

Difficult economic situation in Russia has a negative

influence on the work of Roshydromet system of environment

radioactive contamination monitoring in the Arctic Region. Many

times increased maintenance costs of polar stations and marine

expeditions and at the same time decreasing of Federal budget

allocations to Roshydromet for these aims caused some decreasing

of current information volumes of radioactive pollution in the

Russian Arctic.

At the same time, the information about this problem that has

already been accumulated, the moratorium decreed on nuclear tests

and radioactive wastes dumping in the Arctic Ocean, the

information available about the situation in the sites of
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potential sources of radioactive contamination (areas of

radioactive wastes dumping, sunken submarine "Konsomolets, etc)

allows to decrease, without noticeable loss, the total volumes of

monitoring and to concentrate finances on the priority aims.

Just that appoach is being used now to make optimum the

Roshydromet system of environment radioactive contamination

monitoring in the Arctic. This highly increased the role of

special Center for presentation of operative actual and

forecasting information about radiational situation, created in

SPA "Typhoon", which uses in its work distribution models of

radioactivity in the environment on local and regional scales.

Figure 1 presents the example of information prepared by this

Center about the consequences of the accident on the Giberian

chemical plant (Minatom of Russia) in 1993. In comparison Figure 2

presents analogous data prepared an the results of dirpct

measurments.

Further international cooperation in implementation of

environment radioactive contamination monitoring in the Arctic,

including the AMAP programme, will make it possible not only to

prepare objective materials with retrospective and current data

and assessments, but also to provide in the future monitoring of

trends in radioactive contamination in this region.

In connection with liquidation of some monitoring paints, the

work of great importance is to complete entering of retrospective

data to the appropriate database. That will allow to use it in

radioactivity chapter of AMAP report.
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Abstract

The given work presents the attempt of the description and practical representa-
tion of the special organized computer bank of models for estimation of radio-
active accidents consequences, technological (for example at decontamination)
and other releases of radioactive substances to an environment (water systems). A
number of models are integrated in specialized GIS (geographical informational
system), if that is required by soluble problems. The variety of models on determi-
nation of concentration in various types of water objects is stipulated by large
zones of influence of nuclear reactors.
Validation and verification of computer models is carried out now. For creation
of computer bank of models the last achievement of information technologies are
used, that will allow to include it in the future to developing decision support sys-
tem at emergency pollution.

Introduction

Now more then 100 Russian Nuclear Submarines are awaiting of decommission-
ing and utilization [1]. The places of awaiting and dismantlement of nuclear sub-
marines are potential dangerous from the point of view the radioactive con-
tamination by the possible accidental, technical and other releases of the radioac-
tive substances to environment. In this connection there is a problem of estima-
tion a consequences of the probable radioactive contamination of the surface wa-
ter and support of making decision in such situation.

The bank of models consists of the following models: I) model of radionuclides
concentration evaluation in a surface water and bottom sediments in basin: 2)
model of radionuclides concentration evaluation in a water and bottom sediments

|POOROUAL'I
ORIGINAL
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in the river and coastal zone of lake; 3) models of groundwater contamination; 4)
two-dimensional numerical model of shallow water for a coastal zone (using of
this model for river is possible also) and model for pollutant dispersion; 5) models
of an external and an internal exposure. A number of models, if needed, are inte-
grated in specialized geographical information system [2]. Validation and verifica-
tion of models are carried out.

With the help of developed of bank of model it is supposed to predict, to
evaluate a situation and to assist to make the decisions at radioactive substances
discharge in aquifer, pumping them to groundwater. It is supposed to expand op-
portunities of bank of model to the analysis not only radiation situation but also
chemical.

Description of models and computer programs

1. The full description of model of radionuclides concentration evaluation in a
surface water and bottom sediments in basin can find in [3]. The main processes,
that are taken into account are as follows: radioactive decay; adsorption-
desorption of radionuclides, located on suspended particles and in bottom sedi-
ments; diffusion; forming of suspend; filtration and evaporation; sedimentation
of basin. The computer model includes all necessary databases and coefficients on
various radionuclides, types of bottom sediments, etc. On the fig.2,3 you can see
example of the model screens.

Verification of the model results with use of the independent experimental
measurements after Chernobyl accident, conducted in Russia and other countries -
Kiev reservoir (Ukraine), Svyatoe lake (Belorussia), Bracciano lake (Italy),
Esthwaite and Windermere lakes (England) was performed. The comparisons were
carried out in wide range of parameters. Input data: the time scales of forecasting,
levels of pollution, morfometric characteristics of basins may differ ten times and
more. Results of modeling and experimental measurements He closely.
2. Computer models of internal and external exposure was developed on the bases
of [4] and can to calculate doses on different organs and committed dose equiva-
lent (see fi g.4,5).
3. Two-dimensional, non-steady computer model of shallow water equations for
the calculations of flow streams; Advection, diffusion of radionuclides propaga-
tion; Redistribution of its between water, suspension and bottom.
4. Computer program SDPOL counts the integral and space-distributed pollution
of water objects (fig.l).
5. Computer program - CG have mesh-generation feature, automatic boundary
building etc. (fig.6)
6. Computer data bank based on information from many sources: "White book",
"Bel'una" report, etc. edited by specialists.

HydroSoftware technology and hydrosoftware using

The bank of computer models was organized in such a manner that a number of
mocLls have ability to interact with one another through a general (common) da-
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tabase, files of exchange, standard formats of representation of the information.
We shall describe some of possible chains, which can arise at the analysis of a
emergency.

After evaluation of a source, we make calculate of radionuclides propagation
by atmospheric model ( for example [ 5 ] ) and we receive as a result - surface pol-
lution in each point of the area in a standard output ( format Geo-EAS ). With
the help of program SDPOL a file of pollution together with a file of the appro-
priate cartographical information ( standard Fl ) is processed. We have all hydro-
logical objects with their characteristic of pollution on a program output. Exam-
ple of this program using on the fig.l. Further: for simple basin we use computer
model "BASIN". We receive concentration in a water and bottom sediments de-
pending on a time. If polluted basin is complicated (for example: coastal water,
large lake) we start the CG program - mesh generator for this water object ( basin,
lake, coastal water, etc. ). Thus we receive a grid and spatial-distributed pollution
on this grid. It is in turn the source information for numerical, two-dimensional,
non-stationary model of a shallow water and radionuclides propagation.

File of pollution Cartographical information

(Format Geo-EAS) (Format F1)

Evaluation of integrated pollution (program SDPOL )

Evaluation of pollution of each water object

Choice of water object
Complex water object
(Currents, morphology;
coastal water, large lake)

Me>,h generator

Generation of source file
model of

Simple basin

Model "BASIN"

River

Network
River

Est i 1.1 a t i on of space pollution

Model of a shallow water,
model of propagation

Models of internal and external exposure
Evaluation of dozes
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MAP- Q36-0102
(Geo-EAS //Atmosphere Cue)- *.VRB file: FJ16.YKB

number of nuclides : 37
limits (degrees): xmin=3.007889e+01 ymin=6.708696e+01

xmax=3.352431e+01 ymax=6.802879e+01
hx=4.922032e-02 hy=1.345471e-02 nx=70 ny=70

LAKES:
Total lakes: 209

Polluted lake*: SO

449 lake KALOZHNOE x= 30 57' y= 67 44'
nudities:

Maxofcontamin.(Bq/m*2): Total activity (Bq):
Sumsum= l.2770t+15

Sr_89_max= 2.0964e+03
Sr_90_max= 2.5761e+02
Sr_91_max= 2.9431e+03
Zr_95_max= 6.571$e+0l
Zr_97_max= 6.95«le+0l
RulO3_max= 4.4163e+02
RulOS_mn= 2.7799e+02
RulO6_max= 1.5115e+02
RhlOS_nua= 8.447Se+02
Tel27mmn= 4.«200e+04
Tel27_max= 2.4973e+05
Tel 29m max- 2.2270e+05
Tel 29 max= 4.6774e+0S
Tel31mmax= 7.1530e+05
Tel32_max= 4.7449e+06
I_131_max= 9.2O91e+O6
I_I32_max= 8.4240e+06
I_l33_max= 1.796Se+07
L134_max= 6.2S01e+96
I_135_max= l.5097e+07
Csl34_max= 2.6879e+05
Csl36_max= 1.9971e+05
Csl37_max= 4.8S0Oe+05
Bal40_max= 4.035 le+03
Cel41_max= 6.6375e+01
Cel43_max= 6.57l8e+01
Cel44_max° 4.9880C+0I

Sr 89 . sum- 3.7097e+10
Sr 90_ium= 4.5SS7e+09
Sr 9l_sum= S.2080e+10
Zr_95_sum= 1.1629e+09
Zr 97 sum= 1.2309e-t-09
RulO3_sum= 7.8149e+09
RulO5_sum= 4.9192e+09
RuI06_nun= 2.6747e+09
RhlO5_sum= l.4»48e+10
Tel27msum= 8.1754e+ll
Tel27.sum= 4.4191e+12
Tel29msum= 3.9409e+l2
Tel29_sum= 8.2770e+12
Tel31mtum= 1.2658e+I3
Tel32_sum= 8.3964e+13
I_l31.sum= 1.8531e+14
I_132_sum= 1.6951e+14
I_l33_sum= 3.6150e+14
I 134 sum= 1.2577e+14
I_I35_sum= 3.0378e+14
Csl34_sum= 4.7564e+l2
Csl3«_sum= 3.5340e+l2
Csl37_sum= 8.5824«+12
Bal40_sum= 7.l4O4e+IO
Cel41_sum= 1.174«e+09
Cel43_sum= 1.1629e+09
Cel44_sum= 8.82«7e+08

667 lake VERHNEE KKI x= 30 SO1 y= 67 341

audioes:
Max of contamm.(Bo/mA2): Total activity (Bq):

Sumsum= 2.4157e-fl4
Sr_89_max= 5.9882e+03 Sr_89_sum= 8.7l78e+09
Sr_90_max= 7.3586e+02 Sr_90_sum= 1.0713e+09

Csl37_max= 1.3854e+06 Csl37_sum= 2.0l«9e+l2

978 lake BEZIMYANNOE x= 30 58' y= 67 45'
nuclides:

no pollution

980 lake KUROPATKINO x= 31 55' y= 67 43'
nuclides:

no pollution

983 lake Untitled x= 31 57' y= 67 42'
nuclides:

no pollution

Fiy.l
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OBKM CopmpmKa paANOMywuwoa

aab eaaocdopa saaaeMa
DMCOK pauoiyuHKiB

OiJbeMMaa tuacca cxenera

t I K U U C M T MaccooCiMeHa

sarpwi«•« anBaro|»»i

CopmpoaKa pattHOMyniMfloa EaSora Dowoim.

rpofMOM

r ciueHTpamw Cs-137

flOttfcB ormaceHW Ha tpsmi nptmma

KOHUftHrpauMfl Cs-137 B eqae

KOHueHrpauHfl Cs-137 e a

r obepxHOCTHan lUMieHrpauKR B cnoe

CHMAflbHW KOHieHTpaiUtfl

no nqxaay n/p

riepHaa nanfiacnana Cs-137 10957.5

Fi-.- s of model screens: form of parameters input for radionudtdes c ntration calculations in basin
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£onni|niMta paammynmAM

rcdoeoe mrpeoiWMe
0 ab«i4«afl aicnflHocrb

«9M|MaKr flUOaKMM)«UMH

Ilo^osbA IMKTOP MHMpcMM (Bapocme)

jnpaoow** Kos*«HtusHr Am BoapaenoA r p y m

1165312E-07
1530002

1.964674

Cncw paonoMjumoe

flow u COT norpeSMHm

ue9<

CopntpoBKa paaHotryioiNjioB Q O M O U U .

1.18142

1 964674

1.530002

3741625E-07

3.723009E-07

1.364674

n ru6a»UHai)'

rcuosaaaoosasa &m

roiioaaii 3KB. flou aa COT aaitaro n«ia BHeuxara

OprdH: 3 * » 3MMB.

Soapacr . 15-.neT

fioaose

piHaa nontwcnaaa CS 134 2081998

T)pe6uB««ie o Boae/Kyname'

CnMCOK pau«4K/HUB Tmi

Tlpsfibaame Ma apouaeMoA T«ppMropiW

i 5 ii\:imples of model screens: form of parameters input for external and internal exposures, result screen.
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Fi C Icnai urn of estimated flow streams in Ekostrovikaya Inumdra at 117 hours after the beginning of calculation. Speed
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lal.. :o ti;>>kandskaya, LowPirenega, Babinslcaya Imandra bays were taken into account. Discharge to Niva river. Uis-
cli . Xr.i river was taken- 160 m3 Is.
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A!! computer programs are program for Windows. All this programs was used at
realization on Command and Headquarters Training "Polyarnye Zori - 95". This
Practical Game was held by EMERCOM and UN Department of Humanitarian
Affairs and took place in Apatity, Murmanskaya oblast', May 29 - June 2, 1995. It
supposed to give attention to more complex models, additional processes, updat-
ing ar.d development of a database in future. Calculation of chemical pollution is
extremely important and will also entered into this developed system.
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Waste management
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Extended Abstract

Report from the Seminar on International Cooperation on Nuclear Waste
Management in the Russian Federation

John R. Wiley
Anatolii F. Tsarenko

Division of Nuclear Fuel Cycle and Waste Management
International Atomic Energy Agency

Vienna, Austria

Purpose and Objectives

The IAEA convened a seminar on "International Cooperation on Nuclear Waste
Management in the Russian Federation" from May 15-17, 1995 in response to requests
from the five Nordic countries to provide an international review of the radioactive waste
situation in the Russian Federation. The meeting was attended by about 100
representatives of 17 countries and three international organizations. In their requests to
the IAEA, the Nordic countries stated that international cooperation already underway to
improve safety of operating nuclear power plants is a result of the high visibility of that
issue and much international discussion. Enhanced visibility of radioactive waste issues
could therefore lead to similar improvements.

The Seminar's objectives were to provide a clear and comprehensive picture of the waste
management situation in the entire Russian Federation and to identify opportunities for
greater international cooperation. The approach was to organize presentations from every
ministry or major organization involved with radioactive waste. The Russian Ministry of
Foreign Affairs designated the Ministry of Atomic Energy of the Russian Federation
(Minatom) as coordinator for the Russian delegation.

Each ministry or organization that made a presentation described its general
responsibilities and its specific area of responsibility regarding radioactive waste. The
current status of its national and bi- or multilateral cooperative projects was given.
Problem areas, especially those that could be alleviated by increased international
cooperation, were presented.

The Russian delegation made 14 oral presentations, as well as six poster presentations of
more technologically oriented information. A summary list of fifteen projects in the field
of radioactive waste management that the delegation believed would benefit from greater
international cooperation was presented. Of these, three main projects were emphasized:
construction of a radioactive waste repository on Novaya Zemlya island, development of
technical solutions regarding the floating base "Lepse," and stabilization of conditions at
waste storage and treatment sites to prevent spread of radioactive contamination.
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In addition to presentations by the Russian delegation, eleven other countries and three
international organizations (EC, AMAP, IIASA) summarized current and planned
cooperative programmes with the Russian Federation. Working group meetings during
the final morning of the seminar provided suggestions for follow-up actions by the IAEA
and participating countries that would encourage greater cooperation. Proceedings from
the Seminar will be available in early Fall, 1995.

Present Waste Management Situation

In the Russian Federation responsibility for radioactive wastes or its potential
environmental effects is divided among at least seven ministries. Minatom has the lead in
terms of both the quantity of wastes under its responsibility and as coordinator for waste
management operations of three other ministries (Defense, Transport, and Construction)
and one state committee (Defense Industry). Regulatory control and supervision is an
independent function of the Federal Nuclear and Radiation Safety Authority of Russia,
Gosatomnadzor, along with the Ministry of the Environment, the Ministry of Health Care
and Medical Industry, and the State Committee on Sanitary/Epidemic Control. These
latter two ministries along with the State Committee on Hydrometeorology provide
radiation control functions. The Ministry of Emergency Situations is responsible for
preventing accidents or mitigating their effects.

About 640 million cubic metres of radwastes containing an activity of about 5.5xlCP TBq
(1.5 billion Ci) have been accumulated in Russia. In addition 8700 t of spent nuclear fuel
with an activity of about 2x10* TBq (4.6 billion Ci) are in storage. These arisings from
all steps in the nuclear fuel cycle account for more than 99% of the radioactive wastes
and are the responsibility of Minatom. Radioactive waste and irradiation sources
resulting from medical, scientific and industrial enterprises are the next larger waste
source. Wastes from these applications include liquid, solid and solidified wastes and
spent irradiation sources which amount to about 2x10s cubic metres containing about
7x10* TBq (2x10* Ci). These wastes are the responsibility of the Ministry for
Construction Industry and are stored or disposed of at 16 "Radon" sites located
throughout the Russian Federation.

A Federal programme plan on management of radioactive waste and spent nuclear
materials, their utilization and disposal (1995-2005), has been developed under an Order
promulgated in Nov. 1991 by the President of the Russian Federation. The programme is
based on proposals made by ministries, institutions and subjects of the Russian
Federation. The programme is ready for approval by the government and is expected to
begin in 1996 with annual funding of about USD 200 million. The programme covers ten
topical areas with the overall goal being to "protect existing and future generations and
the environment from harmful effects of accumulated and generated radwastes and spent
nuclear materials by their reliable isolation from the biosphere for the total period of
potential hazard."
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International Cooperation

Many countries, including Norway, Sweden, Finland, France, Japan, China, Germany,
Great Britain and the United States have cooperative waste management programmes with
the Russian Federation. This cooperation includes work on waste processing technologies
and process development, scientific exchange and joint research. The EU provides a
considerable amount of support especially for projects such as the International Centre for
Science and Technology in Moscow, and the TACIS programme. Cooperation with the
IAEA includes coordinated research programmes, regional technical cooperation projects,
the International Arctic Seas Assessment Programme, and decommissioning of the
Russian naval training reactor in Paldiski, Estonia. The technical and scientific results
from many of these cooperative programmes are being presented at this Oslo conference.

The Seminar was considered by both the IAEA and the Nordic sponsors as an initial step
to increase awareness of the waste management situation and to identify specific needs for
its improvement. Two working groups that met during the last morning of the Seminar
provided a number of suggestions for follow-up actions. It was agreed that after allowing
a period for comment and review these actions will be decided upon in a smaller, follow-
up meeting. This meeting will take place in early Fall, 1995, in Stockholm.

One result from the Seminar that will be developed further in Stockholm is the formation
of an international committee, presently referred to as a "Contact Expert Group" to keep
track of all cooperative waste management programmes with the Russian Federation, and
possibly to review these programmes and to emphasize areas for cooperation such as
those identified by the Russian delegation during the Seminar. It was also suggested that
a database of information on all bi- or multilateral waste management programmes
involving the Russian Federation may be of use to the international community.

As was pointed out in the initial letter in which the Nordic countries proposed the
Seminar, further efforts should be directed toward increasing awareness of the waste
management situation in the Russian Federation with emphasis on items for which
cooperation is urgently needed.

jwfiles/oslo.abs

399



NO9700072

Is spent nuclear fuel at the Kola Coast and dumped in waters a real danger?

by

Knut Gussgard, Director, special functions.
Norwegian Radiation Protection Authority.

Norwegian concerns regarding nuclear activities at the Kola Peninsula.

Norwegian concerns regarding nuclear activities at the Kola Peninsula is foremost related
to risk for a major nuclear accident with release of large quantities of radioactive
substances. Examples of such accidents are:
• Loss of coolant accident (LOCA) in a nuclear power plant.
• Large criticality accident in a nuclear power plant.
• Accidental explosion of a nuclear weapon.
• Major accident with spent nuclear fuel for ship reactors, i.e. criticality accident or core

melt down in a ship reactor, in spent fuel storage or during spent fuel handling or
transport.

This paper discusses the last item presented above.

Radioactivity content of spent fuel from a ship reactor.

A typical modern russian ship reactor has a power of little less than 200 MW
(megawatt). A fresh core contain 150-200 kg Uranium-235. To calculate the
radioactivity content of the fission products in a reactor with high degree of accuracy, it
is necessary to know the exact operation history (power history) of the reactor core.
However, a rough estimate of the content of long lived fission product nuclides in spent
fuel can be made very easy.

Cesium-137 is for many reasons suitable to be used as an indicator for the radioactivity
content of spent nuclear fuel. When the Cs-137 content is assessed, the content of other
fission products can be estimated by comparison and adjustment for difference in
physical properties as fission yield and half life.

If we assume that half of the U-235 content in a ship reactor core is burned (is
fissioned), say 85 kg, 10 000 TBq (terabequerel) Cs-137 is created. This quantity is die
maximum content of Cs-137 in a fully utilized russian ship reactor core.
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The first generation of submarine reactors were most likely smaller with respect to both
power and maximum burn up of fuel. I will assume 5 000 TBq Cs-137 for the
maximum content in a first and second generation russian ship reactor core.

Along the Kola Coast, in land storages, floating storages, and in submarines taken out
of service, the total number of spent fuel reactor cores amount to two hundred. If we
take 3 000 TBq Cs-137 as a mean value to indicate the radioactivity content of all spent
fuel reactor cores at the Kola Peninsula, this figure is most probably correct within a
factor of 2.

Thus the total Cs-137 radioactivity in spent ship reactor fuel at the Kola Peninsula can
be assessed to 600 000 TBq, more than 10 million Ci Cs-137 alone.

The sunken Russian submarine " Komsomolets" contains 2 000 TBq Cs-137, according
to information given by USSR officials a few weeks after the accident in 1989. Later this
figure has been changed to 3 000 TBq.

Spent nuclear fuel and other high level radioactive waste at the Kola Peninsula and in
Arctic Waters.

It is sometimes argud that spent nuclear fuel is not the same as nuclear waste. I consider
this as an academic question. The fission products in the spent fuel is no doubt
radioactive waste. Besides, a fraction of the spent fuel, perhaps as much as 20 reactor
cores, is damaged.

Some information on spent nuclear fuel and high level nuclear waste has been given by
Russian sources. However, more complete and detailed information is necessary to
evaluate the risk - and the safety.

More than half of the total quantity, in terms of bequerel Cs-137, seems to be at the
Litsafjord, approximately 50 km from border to Norway. At the Andrejeva Bay, at the
west side of the fjord, the 1993 "White Book" (Jablokov) indicates that fuel from
approximately 100 reactor cores is stored here.

Russian and Norwegian media have reported that the spent fuel interim storage at
Andrejeva Bay is in bad condition. Russian authorities have detailed plans for
construction of new interim storage at the site, most likely with a capasity to store spent
fuel from some 60 reactor cores. Interim storage of spent fuel in such quantities close to
the border to Norway is a serious concern for Norwegian nuclear safety authorities. It is
difficult to understand why it is necessary to keep spent nuclear fuel containing
200 000 TBq Cs-137 at this place in the future.

Spent nuclear submarine fuel is also said to be stored on land in the following nuclear
support yards for the North Fleet: Olenya Fjord yard and Pala Fjord yards near Polyarny
north of Murmansk, in the Gremika yard and at Severodvinsk near Arkhangelsk.
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At the maintenance yard for the nuclear ice breaker fleet in Murmansk spent fuel from
some 20 reactor cores is stored on the ships Lepse, Lotta and Imandra. The fuel in
Lotta, corresponding to 3 reactor cores, is badly damaged and difficult to remove.

Storage of spent nuclear fuel at ships, and moreover in a big city harbour with heavy
traffic, is an obvious danger for the population of the city and for the environment. The
construction of a land storage which started 10 years ago has been extremely slow.

To what extent the Russian Navy has interim storage of spent fuel on ships is not known
for Norwegian authorities.

In naval bases at the Kola Peninsula about 70 nuclear submarines have been taken out of
service to be decommissioned. The nuclear fuel remains in at least 50 of them. This
means that another 100 reactor cores are in interim storage along the Kola Coast.
Russian media claim that there is little money for attention and maintenance.

Risk for release of radioactivity from spent fuel.

Accidents with spent nuclear fuel can not be excluded. A fire in a submarine or in a
nuclear spent fuel storage, on land or onboard a ship, is obvious a real risk. An accidental
nuclear chain reaction, a criticality accident is a possibility. Such accidents have occured
during handling spent nuclear fuel, both in USSR and in United States.

At the Kola Peninsula nuclear fuel storages in a ship can contain more than ten reactor
cores, and a storage on land can contain larger quantities. Under these circumstanses, it
seems realistic to base accidental release analysis on the assemption that at least volatile
nuclides from spent fuel from one reactor core may be released. If we assume that half of
the max core inventory of Cs-137 is released, this amounts to 5 000 TBq.
In the Chernobyl disaster, UNSCEAR1988 reports a release of 30 000 TBq Cs-137.

Quite obvious a release of 5 000 TBq Cs-137 may cause a serious contamination in the
immediate vicinity of the accident. Preliminary studies indicate that also in Norway,
more than 50 km from the spent fuel storage at the Litsa Fjord, it could be heavy
contamination of raindeer meet, mutton and fresh water fish after such release.

Norwegian authorities are also concerned for long term leakage of radioactivity from
nuclear spent fuel at the Kola Peninsula. However, this is more due to possible influence
to fish export than immediate radiological effects to people. The seven dumped ship
reactors with fuel at Novaya Zemlya cause similar concerns both with respect to
accidental and long term release.

402



Conclusions.

• Spent nuclear ship reactor fuel in interim storage at the Kola Peninsula amounts to
200 reactor cores.

• The total inventory of Cs-137 alone is estimated to 600 000 TBq.

• Accidental release to air caused by criticaliry or core melt is considered a real
radiological hazard by Norwegian radiation protection and nuclear safety authorities.

• A worst case release may amount to more than 5 000 TBq Cs-137, a quantity which
under unfavourable conditions might cause serious contamination locally and even
across the border to Norway, which is 50 km from the 100 reactor cores stored at the
litsa Fjord.
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RADIOACTIVE WASTES AND SPENT NUCLEAR FUEL

IN THE NAVY OF RUSSIA

O. Petrov, Navy of Russia
In the latest years on the North and Pacific Fleets of Russia the ptoblem of spent nuclear fuel and
radioactive wastes has become more acute. Transportation of spent nuclear fuel (SNF) has been slowed
down, since 1992 radioactive wastes are not dumped at sea, the Navy lacks necessary processing plants -
all this leads to a build up of hazardous materials at locations where the Naval nuclear powered ships are
based and overhauled and has a negative effect on the radiation and environmental situation. Also, the
radiation and environmental safety is hard to ensure because of the difficulties associated with
implementation of the programme on decommissioned submarines. As part of arms reduction and for
technical reasons a large number of nuclear submarines are to be discarded. By now, 132 submarines have
been decommissioned, 76 of them on the North Fleet. The spent nuclear fuel, however, is unloaded from
1/3 of these submarines. In addition, in the coming years those facilities which have served their time are
to be demolished, in particular tenders for refueling with spent nuclear fuel storages (some are in a
dangerous-to-use state).

The technical support system for ship nuclear propulsion plants created in the late SO-s early 60-s was not
designed for decommissioning of a large number of nuclear submarines in a short time. This is the main
reason for the precarious situation with spent nuclear fuel and radioactive wastes in the Navy.

There are several factors aggravating the problem: the unloading of spent nuclear fuel does not go so fast
as nuclear submarines are decommissioned, some storage facilities are in a dangerous-to-use state, there
are no available vacant containers. Besides, a scheme for fuel transportation, proposed for adoption,
using a new transportation-packing facility of increased safety (TUK-18) is rather complicated and the
Navy is not fully prepared to change over to it.

The Naval resources for temporary storage of spent nuclear fuel have been exhausted. Because of the
accidents at SNF "wet" storage facilities in the 80-s, the spent nuclear fuel is kept "dry" in containers
intended for liquid radioactive wastes. These temporary storage facilities were built up on a crash basis
and do not fully comply with the radiation and emironmental requirements.

On the North Fleet the spent nuclear fuel is stored in shore facilities in the Andreev inlet (80%) and
Iokan'ga and on tenders (5%). Part of the fuel is placed in the shipyard "Atomflot" of Murmansk ,
Shipping Company.

At the present time, two optiono for transportation of spent nuclear fuel in TUK-18 exist on the North .'
Fleet: from Severodvinsk and Atomflot. In 1995, 10 trains of spent fuel are scheduled to be transported. '
This, hawevcr, does not resolve the problem. To enable transportation of the fuel from the Andreev
inlet, 30 km of railway line need to be reconstructed. There are also financial problems associated with
high cost of fuel transportation (4.8 billion roubles per a trainload at prices of 1995). The spent nuclear
fuel on miclenr submarines which suffered accidents is still an issue to work out. A technology is being
developed for transportation of the spent nuclear fuel from liquid metal cooled reactors, which is planned
to be accomplished from Iokan'ga in 1998.

Liquid radioactive wastes generated during operation of ship nuclear propulsion plants are stored in
shore and floating containers. The volume of all containers of the North Fleet is 10000 cub. m, but 30%
of these are unfit for designated purpose. The amount of liquid radioactive wastes on the North Fleet is
estimated at 7000 cub. m with the total activity not more than 3.7 TBq. About 2000-2500 cub.m of liquid
wastes are generated annually, but there are practically no vacant containers to recieve them. The
situation is similar on the Pacific Fleet. The liquid wastes of the North Fleet are partly transported for
processing to Atomflot. In 1994 the amount of liquid radioactive wastes transported was 1000 cub. m and
in 1995 - 2(K) cub. m. However, even if the liquid processing plant at Atomflot is modernized, the North
Navy will riot be able to settle the question of liquid radioactive wastes because of high processing costs.

Solid radioactive wastes are stored in storage facilities and on open temporary storage sites which were
primarily built in the 60-s and 70-s and do not fully meet the requirements of environmental protection.
High-level wastes are stored in special facilities only.

The amount of solid radioactive wastes stored on the North Fleet is estimated at 8000 cub. m, their total
actuvity being not more then 37 TBq. On the average, 1000 cub ra of solid radioactive wastes are
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generated annually. Considering the growing volume of work to discard nuclear submarines, the amount
of produced radioactive wastes may increase at least by a factor of two.

The major storage sites of solid radioactive wastes on the North Fleet are in the Andreev inlet, lokan'ga
and Polyarny.

By volume, 50% of the wastes are combustible, 15% -compressible, 35% - non compressible and 1% -
spent ion-exchange resins of activity filters. No, processing, operations r f solid radioactive wastes are
currently performed in Navy. Numerous plans and projects to build and reconstruct facilities for
radioactive waste storage and processing have not been accomplished because of lack of financial
resources.

A distinguishing feature of the solid radioactive wastes on the Pacific Fleet is that a large amount of solid
radioactive wastes (including high level wastes) resulted from the accident with a nuclear submarine
reactor in the Chazhma bay in I98S and they have to be stored. Another distinction is that part of storage
facilities are located in earthquake-prone areas (Kamchatka).

The reactor spent nuclear fuel and radioactive wastes generated during operation, overhaul and refueling
of ship power propulsion plants is the main source of radioactive contamination of the environment in
locations where nuclear powered ships are based, overhauled and refueled.

Numerous observations show that on the North and Pacific Fleets the radiation situation in locations
where nuclear powered ships are based is normal, under no-emergency conditions. The concentrations of
radionuclides in the environmental media are normally not higher than the background levels. Only in
individual cases trace amounts of reactor-origin radionuclides are detected in places where radiological
works are conducted and radioactive wastes are stored. Since nuclear powered ships began to be
operated there have been several occurrences with radioactive contamination of the environment. The
largest release of liquid radioactive wastes (74.0 TBq) occurred in 1989 during a submarine anchorage in
the Ara inlet on the North Fleet. The accident led to the radioactive contamination of the area of about
l.Osqkm.

As a result of the accident at a spent nuclear fuel storage in the Andreev inlet, the watw of the cooling
ponds continued for several years to be released into the soil on the adjacent territory and entered the
nearby stream. In this case, the radioactive contamination affected the area of 1.3 thousand sguare m
and the bay waters at the location where the stream flows in.

In 1965 a local release of radioactive materials was reported during the accident with a submarine reactor
in the Severodvinsk shipyard.

The most significant release of radioactivity to the atmosphere occured in 1985 as a result of the
submarine reactor accident at the shipyard in the Chazhma bay (Pacific Fleet). The release was estimated
at 185 . PBq and the contamination affected the territory of the shipyard and the areas close to the
"radioactive trace". The radioactive trace was several square kilometers in size.The water area of 0.1 sq
km was contaminated too. The total actity of Co-60 in the bottom sediments of the contaminated part of
the bay was estimated at 185 GBq.

During the accidents the general public was not affected. Due to taken preventive measures possible
adverse radiation and environmental consequences of the accidents were reduced to minimum.

Exposure doses of personnel involved in handling with radioctive wastes and spent nuclear fuel are
normally not higher than those specified by national standarts of radiation safety (5 retn). There were
several occurrences with increased radiation exposure of personnel, with acute radiation injuries among
them.

When possible radioecological consequences of releases of radioactive wastes to the environment are
assessed, it should be borne in mind that the part of radioactive wastes stored on the North and Pacific
Fleets makes 0.04% (0.2% if radioactive wasters dumped at sea are included) of the radioactive wastes
stored on the territory of Russia.

The unsatisfactory situation with radioactive wastes in the Navy is primarily associated with the fact that
the problem remains unresolved in the country in general.

The law on state policy in managiment of radioactive wastes, worked out as far back as in 1992, has not
been adopted yet. The Federal programme on management of radioactive wastes and spent nuclear fuel is
not approved either. Financing of priority measures in this field is inadequate.

It is essential to set up regional sites for disposal of radioactive wastes in the North and Far East regions.
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Problems of radioactive and ecological safety in the north of
Europe and Russia

K.I. Kupri

Member of board of the Atomic Shipbuilding Centre, Russia

In the Russian North radioecological problems are connected with the two objective factors:

1. Disposal, exploitation ensuring «the life cycle» of the nuclear-powered and ice
breaking fleets.

The special reasons are:

- the necessary reloading of the discharged nuclear fuel of the reactors, this leads to
appearance and accumulation of nuclear fuel;
- the necessary maintenance, repair, modernization and re-equipment of nuclear-powered
submarines, ice-breakers, ships, their maintenance; leading to appearance and accumulation of
various radioactive wastes;
- the necessity of nuclear installations being taken out of military and industrial exploitation
and their further utilization, according to the international agreements on arms reduction and
on technical wear.

2. The Kola Nuclear Power Plant (NPP) exploitation and its Maintenance Complex
and the Nuclear Range of Novaya Zemlya Archipelago.

The problems and centres of radioactive danger of the Kola Atomic Power Station and the
Nuclear Range are concentrated in the local zones of the two grounds and of the two
departments, however those of the Northern Fleets are on dozens of grounds and on hundreds
of nuclear powered installation objects (mainly atomic submarines) and are of the regional
interdepartment character.

Thus, special emphasis is needed on such aspects as:

a) scientifically-founded, maximum accurate and objective radioecological environmental
monitoring,
b) formation, collection, localization, adaptation, rendering of radioactive wastes including
the discharged nuclear fuel.

For many years monitoring of our regional environmental safety was local, i.e. in every
nuclear-having point. Much information is accumulated but it was confidential and requires
thinking of for working out reasonable regional decisions. Unfortunately the system of control
was not of monitoring character and cannot be included into the working monitoring of the
North Europe without polishing up.

That's why the joint working out of the two suggested by the Russian side invest projects may
be of great interest.
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- creation and development of automatic system of radio monitoring and forecasting (in
normal and emergency situations) in the North of Russia with inclusion into the International
monitoring system and data of the North Europe;

- wide scientific and technical assessment of the Russian nuclear risks of nuclear powered
installation objects on the land and marine territory of the North Europe for developing a
system of international collaboration in normal and emergency situations.

The elaboration of these projects is supposed to be carried out by an international group of
experts of all the North Europe countries concerned according to the agreement and
International contract.

The preliminary work on the above-mentioned project was begun in the fourth quarter of 1994
by the Russian side on the initiative of the Archangel Administration and the North Branch of
the Russian Radioecological Fund.

The radioecological balance displacement in the North region is mainly reasoned by
inevitable formation and accumulation of radioactive wastes including the discharged nuclear
fuel.

We propose two more invest projects for working out:

- creation of alternative existing system of utlization of atomic submarines, ice-breakers and
other objects with nuclear powered installations with fully completed cycle, utilization of
radioactive wastes according to the international standards.

The main point of the project is the new technical idea of not dividing nuclear powered
submarines into bulky buried modules (one-, two- or even eight-compartment) but to treat the
radioactive construction of the nuclear powered installations into minimum in value and to
bury the conditioned radioactive product in the regional nuclear powered installations into
minimum in value and to bury the conditioned radioactive product in the regional nuclear
grave of the Nuclear-Ecological Rehabilitation Centre (on Novaya Zemlya Archipelago);

- creation of the Regional (in the Far North situation) Nuclear-Ecological Rehabilitation
Centre and the regional system of radioactive wastes and discharged nuclear fuel treatment
based on the Russian Atomic Shipbuilding Centre enterprises, Repairing-Technological
enterprise Atomflot of Murmansk Steamship Line and the re-orientated Nuclear Range on
Novaya Zemlya Archipelago.

The practice on radio-ecological problems shows that the isolated efforts of even the most
ecologically- and technically-developed countries are not sufficient. The problem is of
interregional and international character and requires joint purposeful effort.
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The "Lepse" vessel - storage for used damaged

nuclear fuel
by Filippov M. - Murmansk Shipping Company

1. The general characteristics of the "Lepse"

The "Lepse" is self-propelled servicing vessel of the civilian atomic fleet which is
run by the Murmansk Shipping Company.

The construction of the vessel started in 1934, but it was not completed. Initially
the application of the vessel was defined as a dry cargo boat. Although the vessel never
being in use according to the plans of its initial application. In 1961 the vessel was
reequipped and transferred to the Murmansk Shipping Company to operate in the
capacity of floating servicing boat to provide the refuelling operations at the maritime
reactors of nuclear ice-breakers fleet.

To operate in this capacity the vessel was outfitted by special storage for used
nuclear fuel, by tanks for collecting and temporary storing of liquid radioactive waste
and rooms for carrying out technical operations with reactor equipment.(pik.l)

The general size of the vessel:

- the major length - 82,9 m,

- the major width - 17,1 m,

- the major displacement when fully loaded - 5600 tons.

- the board height - 9,9 m,

- the power of the main engine - 2000 h.p.

Since 1963 till 1981 the "Lepse" provided the refuelling operations at the
"Lenin", "Arcktika" and "Sibir" ice-breakers. After commissioning of the "Imandra"
service vessel the "Lepse" has been used for storing of spent nuclear fuel, radioactive
waste, technological rigging and equipment.

In 1988 the "Lepse" was taken out of operation and in 1990 was transferred into
the category of laid up vessels, the main engine is kept operational. The wasting of the
howl is not more than 25°/o.

Currently the "Lepse" is tied-up at the moor plant of "Atomflot" (the nuclear-
powered ice-breakers fleet base) which is located in 1,8 km from the city of Murmansk.

2. The characteristics of the storage facility for used nuclear fuel

The major potential nuclear and radiation dander aboard the "Lepse" emanates
from the storage for used nuclear fuel (pic.2).

The size of the storage:
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- length - 5,8 m,
- width - 11,5 m,
- height - 6,0 m.

The storage facility aboard the "Lepse" vessel consists of two tanks with the
diameter of 3,6 m and height 3,4 m each. Each of the tanks has 366 isolated air-tight
penals with the diameter 67 mm and 4 caissons with the diameter 500 mm (counter A).
From the outside the penals and the caissons are cooled by water (counter B). The
penals and the caissons store 642 used fuel assemblies (pic.3).

The tanks for storing of used nuclear fuel are located in the room with biological
encapsulation. The room is resembling hollow parallelepiped, made of carbon steel
covered with the plates made of stainless steel. The width of wall of bio encapsulation is
380-450 mm. The capacity of the space between the tanks is 115 m3.

The storage is located in one of the compartment of the vessel surrounded by
water resistant re-assemblies.

In 1991 with the purpose of testing the technologies with the aim to create the
additional engineering barrier the space between the storage tanks was filled with
concrete mixtures.

Since February 1992 the evaporating of the water in penals and caissons of the
A counter being underway. Currently the A counter contents approx. 330 litters of
water, the total activity of the water is not less than 10 Curie/kg.

On the 01.01.95 the subtotal activity of the used fuel assemblies was 28 million
GBq or 750000 Curie. Some 70°o of the activity is due to such radionuclides as Cs137

and Sr90. Not more than 3% of the activity is due to the alpha-decay of actinide
nucleuses (Pu238,239% Am241 a n d Cm*44).

The subtotal amount of U235 in the used fuel assemblies placed in the storage is
260 kg. The subtotal amount of the fission products - 156 kg.

The spent fuel assemblies in the storage being in use for 3-4 years. Out of them
34° o have been stored for 28 years, 8% - 17 years and 58% - 12 years.

According to the estimations of Kurchatov Institute, the subtotal power the
energy emission by the used nuclear assemblies is 3,6 KWatt. The energy emission is
reducing with the time according to the exponential law with the constant of time
corresponding to the period of half-decay of Cs137 and Sr90.

As a result of long term storing the fuel became prone to corrosion which is
followed by changing of the geometrical size of the elements what excludes the
possibility to take the fuel out of the storage facility.

Basing of the Decree of the Central Bureau of the Communist Party of the
Soviet Union and Council of Ministries of the USSR dating 10.09.86. No. 1095-296, the
decision of the commission on Military Industrial Complex of the Council of Ministries
of the USSR dating 25.04.88, No. 132, and the decision of Ministry of Atomic Energy
(the outcoming number M-961/9, dating 05.07.88) the used fuel elements aboard the
"Lepse" are transferred into the grade of solid radioactive waste.
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3. The radiation situation

The radiation situation in the compartments where used nuclear fuel is stored
and in the adjacent compartments is characterised by high levels of gamma-radiation
(from 50 to 1000 mR/hour). In the rooms of the compartment adjacent to the storage
facility the level of gamma-radiation is 2,5-500 mR/hour.

The intensity of the dose of gamma-radiation in the different parts of the vessel
is the following:

- the room of the Controlled Zone of the stern part of the vessel - 5-15 mR/hour;

- the room of the technological tanks (excluding the tank No.l) - 10-250
mR/hour;

- the open decks of the Controlled Zone - 0,2-30 mR/hour;

- the open decks of the Zone Under Control - 0,01-0,1 mR/hour;

- the machine rooms of the Controlled Zone - 1,5-3,0 mR/hour;

- the crew cabins - 0,05-0,1 mR/hour.

The radionuclides contamination of the surface of the vessel is mainly found on
the surfaces of Controlled Zone. The levels of contamination depend upon the
application of the compartments and rooms and amount to 25-50 thousand beta-
split/cm2 . min. Inside the boat there are no radioactive contaminated spots that might
be detected, beside some parts of the vessel's cranes which were used for the works
inside the Controlled Zone and the inner surfaces of the ventilation boxes.

The tanks aimed to store liquid radioactive waste are empty (beside the tank
No. 1), the radioactive sediments and contamination inside the tanks being solidified by
concrete mixtures and special pellicles covering.

4. The state of the scientific-research works

Coming from the special decrees of the Government and Ministry of Atomic
Energy of Russia, Murmansk Shipping Company is carrying out the whole set of the
measures aimed to decommission the "Lepse" and prepare it for underground disposal.

Currently the following work have being launched to handle the problem:

- the working out of the conception and basis of environmental safety of
underground disposal of the vessel (compartment) in the aged permafrost rocks on
Novaya Zemlya (Russian Scientific Institute of Industrial Technology which goes
under supervision of Ministry of Atomic Energy of Russia - the co-ordinator of the
works);

- the estimation of the nuclear safety of the storage facility for used nuclear fuel
on all stages of handling the "Lepse" (Russian Scientific Centre "Kurchatov Institute");

- the working out the special concrete mixtures to create the protective barriers
inside the storage facility for used nuclear fuel and their laboratory testing to define
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their resistance to radiation, isolating qualities, and other necessary characteristics (The
governmental institute of transport communications, S.-Petersburg);

- the estimations concerning the temperature mode in the storage facility for
used nuclear fuel while creating of engineering barriers and while underground disposal
of the vessel (compartment) in aged permafrost rocks (Russian Scientific Institute of
Industrial Technology, Russian Scientific Centre "Kurchatov Institute");

- the estimations of stability of the vessel (compartment) on all the stages of
handling (The Central Designing Bureau "Aisberg");

- the radiation-hygiene estimation of the technological operations which are
planned while implementation of the different variants of handling the storage facility
for used nuclear fuel (Scientific Research Institute of Industrial and Marine Medicine
of the Ministry of Health of Russian Federation).

The head designer of the vessel the Designing Bureau "Aisberg" has considered
three variants of handling the "Lepse":

- taking out by means of cranes the filled with concrete storage for used nuclear
fuel;

- dismantling of the vessel with creation of floating compartment which contains
the storage with used nuclear fuel filled with concrete;

- dismantling of the superstructure of the vessel and preparation of its howl for
underground disposal on Novaya Zemlya.

The implementation of the first variant is complicated due to the insufficient
lifting capacities of the cranes available up in the North. The carrying out of the
dismantling of the biological encapsulation of the storage containing tanks filled with
used nuclear fuel with the aim of its further taking out is complicated by the
unfavourable radiation situation and by lack of the sufficient room in the locations
where the operation is supposed to take place.

The implementation of the second variant will require to construct some of the
additional structures in the bow part of the vessel in order to provide the stability.

More over, the implementation of the first as well as the second variant does not
solve the problem of complex handling of the vessel due to the fact that onboard there
are some other sources of radiation (contaminated by radionuclides technological
tanks, special equipment, ventilation boxes etc.). In case of their dismantling and
taking out from the vessel there will be problems with labour expenses and collective
doses.

So the optimal solution to the "Lepse" handling is:

- dismantling of the superstructure of the vessel;

- filling up of the storage tanks with concrete, remediation of the radioactive
contamination of the equipment and on the surfaces within the controlled zones;

- the further underground disposal of the howl of the vessel in the conditions of
permafrost on Novaya Zemlya.
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Irrespective of the final solution of the storage tanks disposal (separately or
together with rest of the vessel) it is necessary to carry out the works aimed to fill the
cooling counters of the storage, penals and caissons containing used nuclear fuel with
concrete. Carrying out of these measures will upgrade the radiation safety of the
storage and the vessel itself.

Along with it the variant presented above the project of taking out the fuel was
considered and defined as unacceptable according to the following thoughts:

1. The doses of radiation the technical staff will receive while carrying out the
operation aimed to take out the fuel elements will reach the most acceptable rate for
5000 people (25000 Rem).

2. The route of transportation of the damaged spent fuel elements from the
territory of "Atomflot" base to the reprocessing plants of Ministry of Atomic Energy of
Russian Federation goes through highly populated areas of Russia and can be treated
as potentially extremely radiation harzadous operation.

3. The extracted used nuclear fuel will require the construction of specially-
designed onshore storage facility for their temporary storing.

4. The taking out of the used fuel elements from the storage of the vessel in the
water zone of "Atomflot" will lead to considerable worsening of radiation situation
aboard the vessel and on the territory of the plant.

5. Conclusion.

Taking into consideration the intensive ship traffic in the water zone of the Kola
Bay there is a possibility of collision of the vessels with the "Lepse" what might lead to
its sinking due to progressive physical ageing of the howl of the vessel. This will lead to
extensively dangerous radiation contamination of the environment in the north-western
Part of Russia and in the European-Arctic region.

The solving of the "Lepse" problem was included into "The federal program on
handling radioactive waste and used nuclear materials, their decommissioning and
disposal for the years 1993-1995 and with the perspective to the year 2005" by separate
paragraph. According to the decree of the Government of the Russian Federation
No.824 dating 14.08.93 and No.805 dating 06.07.94, the "Lepse" problem is included
into the priority list which is presented in the indicated program. Besides, the problem
being presented in the Working Plan and European-Arctic region for the years 1994-
1995.

The working out of the technical solution regarding the complex handling of
the "Lepse" is interesting when it comes to the problems with handling of the servicing
vessels of the military and civilian atomic fleets and the compartments of objects with
reactor installations which have damaged nuclear fuel as well.
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SECURING OF "LEPSE"

Jon Ronning, Norwegian Contractors a.s., Norway

Introduction

In the perspective of Norway being a "driving force" internationally on certain environmental
issues, the Lepse Pilot Project aims at utilising experience and technologies developed through
twenty years of service in the oil and gas industry, for the purpose of undertaking complex
environmental clean-up operations.

This important environmental issue is initiated by Murmansk Shipping Company and Norwegian
Contractors. The basis for the Lepse Pilot Project is Norwegian Contractor's experience within
executing complex offshore projects, and its competitive strength within the concrete technology
field and of Murmansk Shipping Company within nuclear waste management.

Description of Ship

Below is given a short summary of technical information supplied by Murmansk Shipping Co.
(MSCo) and other Russian institutions in submitted documents and meetings.

The construction of "Lepse" was started in 1934. The construction was not completed, and the
ship was sunken in 1941. The ship was salvaged after the war. She was modified to a service
ship for the nuclear ice breakers and arrived at Murmansk in 1962.

Main characteristics:

Overall length: 82,9 m
Overall breadth: 17,1 m
Total displacement: 5 600 tonnes

The ship contains a section for storage of spent fuel elements and various tanks that have been
utilised for storage of other radioactive waste.

The storage section for spent fuel represents the main concern with regard to the risk related to
radioactive sources on "Lepse". The section comprises two compartments, each with a diameter
of 3,6 m and a height of 3,4 m. The compartments are installed within a steel box section with a
wall thickness of 380 - 450 mm. The void between this box and the storage compartments has
been filled with concrete. The compartments are closed at the top by lids. These lids can be
rotated and have removable covers for access to the fuel assemblies.

In each compartments there are 366 penals and 4 caissons. The penals can house one fuel
assembly each and the caisson can house several fuel assemblies. In total there are 624 fuel
assemblies in the section. The total radiation is about 40 million Gbq.

Each compartment comprises two parts. The upper ("contour A") comprises the penals and
caissons and a space above them. The lower part ("contour B") comprises the volume
surrounding the penals and caissons. Both "contour A" and "contour B" have been full of water.
At present, the only water remaining in "contour A" is some water in the lower part of the penals.
The water is evaporating due to the generation of heat in the fuel, about 4 kW in total.
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The fuel elements have been stored in the ship for at least 14 years. The latest filling operation
was in 1981.

About 500 of the fuel elements are damaged. These cannot be removed from the storage by use
of standard methods.

The protocol from a meeting in Oslo in December 1994 states however that removal of the fuel
from the ship shall be considered.

The hydrostatic stability of the ship before and after concreting has been studied. The
conclusions seem to be that the stability of the ship will be marginal. Also, the loads associated
with the filling of concrete may cause problems with the structural strength of the ship.

The main alternative considered by MSCo for the final storage of the ship is to transport it to
Novaya Zemlya. The protocol from the meeting in Oslo in December 1994 gives however room
for other alternatives also.

Objective

An engineering analysis of the storage will be conducted during 1995, including:

Study of the effective storage situation of the damaged fuel.
Assessment of possible means to cut out remotely the assemblies or groups of assemblies,
including costing and construction of equipment necessary.
Decontamination of LEPSE: methods, cost and secondary waste.
Assessment of needs and possibilities for dry cask storage.
Design of a simple storage hall on land.

The EU-budget will take care of this first contract. An agreement between Murmansk Shipping
Company and DG 11 was signed 23th of May 1995.

During the past two years Norwegian Contractors in cooperation with other partners has
performed initial project development work including preliminary conceptual design-work in close
cooperation with Murmansk Shipping Company. The objective has been to ensure progress in
early project phases and to start the definition of project execution models and technologies
required to meet the functional requirements as will be reported in the EU-study. This is
considered necessary in order to be adequately prepared for the next stages of this pilot project.
It is considered important to obtain an optimised project execution plan that allow for securing
LEPSE as quickly as possible. Consequently certain strategic activities have to be performed in
parallel in a well coordinated and professional way, to save time.

To secure the ship radiologically, and with regard to stability, most likely it is necessary to
transport Lepse into a containment that will be used for disassembly and treatment of the ship.
The containment may be reused for several similar objects.

The following operations will be performed:

Dismantling of structure within containment.
Testing of parts for contamination, possibly followed by decontamination.
Exemption of parts and removal from containment.
Treatment of radioactive waste by conditioning and disposal preparation.
Transport of radioactive parts to temporary storage containments.
Decontamination of containment.
Reuse of containment for next vessel.
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Project Plan

The ongoing pre-engineering work will include the following issues:

Project management

The engineering analysis of the storage
Conceptual development
Financing

Concerning the engagement by NC in the environmental clean-up, it is decided to ensure that the
work already laid down in connection with LEPSE is continued in the most efficient way.
A separate company, Macro Group AS, is now formed and will devote itself wholly to the
business of environmental clean-up, and in particular take over NC's obligations towards MSCo
in connection with LEPSE.
Murmansk Shipping Company and Macro Group AS have further decided to form a Russian -
Norwegian joint venture company for management and execution of the project.
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