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Preface
The present report summarises the results obtained from the joint Russian-Norwegian investigation concerning the
consequences of dumping of radioactive waste in the Kara Sea and Barents Sea. Three expeditions were undertaken
in the years 1992,1993 and 1994 to the Kara Sea and the dumping sites for radioactive waste in the Abrosimov
Fjord, Tsivolky Fjord, Stepovogo Fjord and in the Novaya Zemlya Trough, with R/V «Victor Buynitsky» of the Federal
Service of Russia for Hydrometeorology and Environmental Monitoring (Ros hydro met). The report has been written
by a working group headed by Per Strand, Norwegian Radiation Protection Authority, and Alexander I. Nikitin, SPA
«Typhoon», Roshydromet. The members of the working group are:
From Norway:
Per Strand - Norwegian Radiation Protection Authority (NRPA),
Anne Liv Rudjord - NRPA,
Bj0rn Lind - NRPA, from 1994,
Brit Salbu -Agricultural University of Norway (AUN),
Gordon C. Christensen - Institute for Energy Technology (IFE),
Tone D. S. Bergan - IFE, from 1994.
in cooperation with:
Lars F0yn - Institute of Marine Research,
Rose M. Andersen - NRPA,
Mikhail losjpe-NRPA,
Heikki Fjelldal - AUN.
From Russia:

Alexander I. Nikitin - SPA «Typhoon»,
Vladimir B. Chumichev - SPA «Typhoon»,
Nailia K. Valetova - SPA «Typhoon»,
Ivan I. Kryshev- SPA «Typhoon»,
AlexeyA. Namiatov, Murmansk Area Dep, Roshydromet,
Valeri V. Cheliukanov, Roshydromet.
The expedition leaders were Lars Foyn, Institute of Marine Research, Norway and Alexander I. Nikitin, SPA
«Typhoon», Russia. The analytical results were provided by the following institutions:
Norwegian Radiation Protection Authority, Norway, SPA «Typhoon», Russia, Agricultural University of
Norway, Norway, Institute for Energy Technology, Norway, IAEA/Marine Environmental Laboratory, Monaco
In 1992, additional institutions were involved in the analytical programme:
Ris0 National Laboratory, Denmark, University of Lund, Sweden, Centre de Spectrometrie Nuclearie et de
Spectrometrie de Masse, CNRS Orsay, France, Radiological Dating Laboratory, Norway
The Russian Navy specialists G.N. Amiev, S.V. Malevanniy and S.N. Larichev supplied results from their
measurements in the Stepovogo Fjord and provided one soil and sediment sample from this area in connection with
the 1993 expedition.
Sven P. Nielsen, Ris0 National Laboratory, has contributed with the development of the assessment model and
contributed to the text of Chapter 5.2.
lolanda Osvath, IAEA/MEL, has contributed with advice and useful comments on this report and has written the
description of the intercomparison study.
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Figure 1.1: The route of Joint Norwegian-Russian Expeditions to the Open Kara Sea and to the dumpesites for radioactive waste,
1992,1993 and 1994.

1. Introduction
In 1992 a Russian-Norwegian expert group for
investigation of radioactive contamination in the
northern areas was established under the joint RussianNorwegian Commission for Co-operation in the
Environmental Sector. The expert group is headed by
the Ministry of Environmental Protection of the Russian
Federation and the Norwegian Ministry of Environment. The expert group was formed because of
allegations that the former Soviet Union had dumped
radioactive waste in the Barents and Kara Seas.
The objectives defined for the expert group were to:
• Obtain information on the handling, storage,
discharge and dumping of radioactive material in the
northern areas.
• Investigate, through field work, the actual levels of
radioactive contamination in the open Kara Sea and
at the dumping sites.
• Locate dumped nuclear waste, and identify if
leakage has taken place.
• Undertake risk and impact assessments for man and

•

the environment.
Inform the public of the results.

Handling and storage of radioactive waste
Considerable information on handling, storage, and
dumping of radioactive materials has been obtained
during the period 1992-1995 from the visits of
Norwegian and Russian experts to:
• The home base of the nuclear icebreakers of the
Murmansk Shipping Company and the installation
for waste treatment, August 1992.
• The Production Association Mayak at Ozyorsk
(Chelyabinsk-65), Chelyabinsk Region, May 1993, to
initiate a joint programme on past and present releases, and transport of radionuclides to the Arctic seas
from the Chelyabinsk Region. Joint field work around
Mayak was carried out in June 1994. The final results
of phase I of this programme are under publication.
• The White Sea Naval Base, Severodvinsk, where
nuclear submarines are being decommissioned,
September 1995.

Additional information on land-based nuclear
installations and lighthouses that use radioisotope
power supply has also been obtained during the
programme. Furthermore, the first official information
on Russian dumping of radioactive waste at sea was
presented in the White Book No. 3 [1993], based on a
report from the Russian Governmental Commission:
«Facts and Problems Related to the Disposal of
Radioactive Waste in the Oceans Surrounding the
Territory of the Russian Federations
Valuable progress has also resulted from international
conferences. The 1 st and 2nd International Conference
on «Environmental Radioactivity in the Arctic» (Kirkenes
1993, Oslo 1995) were closely related to the
Norwegian-Russian co-operation. In addition, the
international Arctic Sea Assessment Project* (IASAP)
was launched at an international meeting in Oslo in
1993. The objectives of IASAP are to assess risks
associated with the Russian dumping of radioactive
waste, and to examine possible remedial actions. The
project is organised by IAEA in co-operation with
Norway and Russia.
Monitoring, localisation and investigation of
dumped nuclear waste
The first joint Norwegian Russian expedition took place
during August-September 1992. The route of the
expedition is shown in Figure 1.1. Samples were
collected from 2 stations in the Barents Sea and 11
stations in the Kara Sea. The expedition provided
information on the general level of radioactive
contamination in the open Kara Sea, since access to the
dumping sites was prohibited.
The second joint expedition to the Kara Sea was carried
out during September-October 1993. This time the
purpose was to investigate the main dumping sites in
the Kara Sea, i.e. the areas where spent nuclear fuel had
been dumped. Investigations were carried out in the
Tsivolky Fjord, the Stepovogo Fjord and in the Novaya
Zemlya Trough (Fig. 1.1).
During August-September 1994 the third joint
expedition made investigations in the Abrosimov Fjord
(Fig. 1.1) where a major part of the radioactive waste
has been dumped. Additional studies were performed
in the Stepovogo Fjord.

Analytical programme
Samples of water, sediments and biota were collected
during the expeditions. The analytical programme
included determination of gamma-emitters, (especially
Cs-isotopes and 60Co), beta-emitters (especially 90Sr) and
alpha-emitters (especially Pu- and Am-isotopes).
Impact and risk assessment
An impact and risk assessment was performed, based
on the information provided through the joint cooperation The results from the expeditions, together
with earlier measurements, formed the basis for
assessing present and future consequences of
contamination originating from the actual sources
contributing to contamination of the Arctic Seas. (e.g.
nuclear weapons testing and Sellafield). In co-operation
with RIS0 National Laboratory, Denmark, a preliminary
assessment was undertaken of the potential doses from
the dumped radioactive waste.
Impacts on other studies
The work of the Russian-Norwegian expert group is
useful to several international organisations. The
consultive meetings of the London Convention 1972
(LC72) received information on the progress of the
Work from Norway and the Russian Federation in 1992,
1993, 1994 and 1995.
The results from the joint Russian-Norwegian cooperation, and other information, have also been made
to IAEA (International Atomic Energy Agency) in
relation to the IASAP (International Assessment Arctic
Project) work.
The North Atlantic Treaty Organization (NATO)/The
North Atlantic Cooperation Council (NACC) study has
also used and reported some of the findings and results
from the joint Russian-Norwegian work.
The AMAP (Arctic Monitoring Assessment Programme)assessment groups have also benefited from the cooperation. The public and the media in Norway, Russia
and other countries have been informed about the
project. The brochure «Radioactive pollution in
northern ocean areas» has been published in 4
languages, Norwegian, Sami, Russian and English.

2. Sources contributing to radioactive
contamination of the Barents and Kara
seas
Based on results from the three expeditions in
1992-1994, the present level of artificially produced
radionuclides in the Barents and Kara Seas can be
attributed to the following sources:
• Fallout from atmospheric nuclear weapons testing
('"Cs, 90Sr, 238Pu and 239'240Pu)
• Transport by the rivers Ob and Yenisey of
radionuclides originating from global fallout and
releases from nuclear installations situated within the
catchment area (e.g. 90Sr).
•

Marine transport of mobile radionuclides discharged
from European reprocessing plants, at Sellafield, UK
(e.g. 137Cs, 9 Tc) and La Hague, France (e.g. 125Sb).
• Marine transport of Chernobyl fallout along the
Norwegian coast from the Baltic Sea (e.g. t34Cs,
137
Cs).

In addition localised contamination has been identified
from
• Underwater nuclear weapons tests carried out southeast of Novaya Zemlya.
• Leakage of radionuclides from objects containing
solid radioactive waste dumped in the Tsivolky,
Stepovogo, and Abrosimov Fjords at Novaya
Zemlya.
Contributions from underground nuclear weapons tests
at the Novaya Zemlya and discharges of liquid
radioactive waste in the Barents and Kara Seas could not
be detected.

2.1 NUCLEAR WEAPONS TESTS.
A total of 522 atmospheric nuclear weapons tests have
been carried out since 1945 , of these more than 80
took place at Novaya Zemlya. Of the total estimated
release of 910PBq of 137Cs and 600PBq of 90Sr to the
atmosphere, about 45 % was injected from Novaya
Zemlya [UNSCEAR, 1993]. The major deposition of
global fallout occurred during 1955-66 and the
integrated deposition was at its lowest in the polar
regions [UNSCEAR, 1982]. Still, reminiscences of the
global fallout are the major source contributing to an
overall background contamination level of
radionuclides in the Arctic region.

The integrated global fallout during 1964-1969 from
atmospheric nuclear weapons testing of 137Cs and 90Sr in
soils of the Nordic region is of the order of 1.5-3 kBq/m2
and 1-2 kBq/m 2 , respectively. Based on upper 10 cm
sediment cores, 137Cs in the Kara Sea ranged from 0.1 to
0.9 kBq/m2, while the concentration of 90Sr in sediments
was low [JRNC, 1993]. Thus, less than 50 % of what has
been deposited on the water surfaces is retained in the
sediments.
In addition to direct deposition, global fallout is also
transferred to the Arctic seas by rivers (e.g. Ob, Yenisey,
Lena, Mackenzie) having large catchment areas, by runoff from land, and by sea currents from the Atlantic
Ocean. In addition to exchange of waters, redistribution
may also occur due to transport of sediments, especially
in shallow waters and estuaries.
Based on several expeditions during the period
1970-80 the information on global fallout in the Arctic
is substantial. During atmospheric nuclear weapons
testing the water concentration of 90Sr in the Barents
Sea reached 23 Bq/m3 in 1961 while decreased to
8 Bq/m3 by 1972 [Vakulovsky et al., 1988]. In the
Kara Sea the concentration of 90Sr ranged within
19-85 Bq/m3 in 1963-64 and decreased to 3-11 Bq/m3
in 1992 [JRNC, 1993]. At present, however, the
background level for fallout 137Cs in Arctic waters seems
to be lower (1.5 Bq/m3) than earlier anticipated
[Kershaw et al., 1995]. Thus, the Arctic inventory should
be recalculated on the basis of recent information.
Underwater nuclear weapons tests at Novaya Zemlya
took place in 1955, 1957 and 1961. The three
underwater detonations are assumed to have a shortterm impact on waters and a long-term impact on
sediments. The elevated activity of Pu-isotopes
observed in a sediment sample collected outside the
Kara Gate in 1992 may be attributed to this source
[JRNC, 1993]. However, more detailed information is
needed to evaluate the impact from these detonations.
Underground weapons tests have been carried out at
Novaya Zemlya since 1961. The last detonation was
performed in October 1990. The 42 underground
nuclear tests are assumed to have no significant impact
on the level of sea contamination. However, local
contamination due to leakages cannot be excluded. In

1987 and 1990, volatile fission products from
underground tests at Novaya Zemlya were identified in
fallout in the Northern Scandinavia [Bjurman et al.,
1990].
Peaceful nuclear explosions (PNE) have been carried out
in the underground for civilian purposes, especially
within mining and construction industry. In the Arctic
region about 10 PNE explosions have been carried out
during 1967-1988 [AMAP 1996].
2.2

RIVER TRANSPORT

The river transport of radionuclides is attributed to runoff from catchment areas contaminated from global
fallout which is the main source, but also discharges
from nuclear installations and accidental releases. For
Yenisey, an additional source is previous releases from
nuclear installations at Krasnoyarsk and for Ob,
contributions originate from the tributary river systems
Techa - Iset - Tobol - Irtysh (discharges from PA
«Mayak» since 1948, Kyshtym accident 1957, airborne
release from Lake Karachay in 1967), Karabolka - Sinara
- Iset-Tobol - Irtysh (Kyshtym accident 1957) and
from Romashka - Tom rivers (discharges and accidental
releases from the Siberian Chemical Plant, Tomsk-7)
Total fluxes of radionuclides to the Arctic seas with river
waters are difficult to estimate, especially prior to 1961.
Data in the open literature are still inconsistent with
respect to the early direct discharges from PA «Mayak»
to the Techa during 1948-1952. Recent investigations
on the vertical distribution of 137Cs and Pu-isotopes in
dated sediment profiles from the Ob estuary reflect
signals from the global fallout only [Panteleyev et al.,
1995]. The authors indicate that the contribution from
nuclear installations including PA «Mayak» should have
been small compared to fallout. The application of
techniques having higher resolution power (e.g.
determination of 239Pu/240Pu isotopic ratio [Beasley,
1995]) might be beneficial to distinguish among these
sources.
During recent years substantial new information has
become available on river transported radionuclides as
well as on past and present sources, especially at PA
«Mayak». Based on annual mean concentrations
[Chumichev, 1995] a total of about 1.5 PBq 90Sr has
been transported to the Artie Seas during 1961-1990

by Ob (0.65 PBq), Yenisey (0.37 PBq), Severnaya Dvina
(0.10 PBq), Pechora (0.08 PBq), Lena (0.29 PBq) and
Indigirka (0.02 PBq). Several recent investigations in the
tributary river system of Ob confirm that the highest
activity in sediments is found in the upper Techa river
[Trapeznikovetal., 1995].
The Russian-Norwegian Co-operation on investigation
on the possible impact of the activities at PA Mayak on
radioactive contamination of the Kara Sea, is expected
to provide valuable data on past, present and future
source term characteristics (inventory) of long-lived
radionuclides at the installation and in its surroundings.
Preliminary results from the joint field work in 1994
confirm high activity levels in the reservoirs, upper
Techa river along the Asanov swamp, and in areas
contaminated from the Kyshtym accident [Christensen
et al., 1995; Romanov ,1995]. Cs-isotopes are strongly
associated with sediment and soil components, while
90
Sr in soil and sediments is rather mobile [Tronstad et
al., 1995].
There is also a progress within the modelling of river
fluxes (Ob) to the Kara Sea [Paluszkiewicz et al., 1995].
During episodic events under high flow conditions the
transport of radionuclides in estuary waters, sediments
and sediments incorporated in ice may, however, be
substantial. The fluxes based on mean annual flow and
concentrations may be underestimated. Furthermore,
mixing zone processes taking place in the estuaries
should be taken into account. Also, contaminants
associated with fresh water sediments may be released
upon the contact with the high ionic strength sea water
[Oughton et al., 1995]. The role of ice as transporting
agent is not fully recognised.
2.3 M A R I N TRANSPORT FROM EUROPEAN
REPROCESSING PLANTS

Discharges from reprocessing plants at Sellafield, UK
and La Hague, France, are the main sources of fission
products transported along the Norwegian coast to the
Arctic seas. From Sellafield, the principal source with
respect to quantities discharged, the transit time to the
Barents and Kara Seas is estimated to be 4-6 years. The
maximum releases from Sellafield during 1974-1978
were recognised in the Arctic Ocean, in the Barents and
Kara Seas, and in the White Sea in the early 1980s
[Vakulovskyetal., 1988].

At that time the concentration of 137Cs in the southern
Barents Sea was 30 Bq/m3, a factor of 5 to 6 higher than
the level observed during global fallout.
According to a recent assessment [Kershaw and Baxter,
1993] about 41 PBqB7Cs and 6.2 PBq90Sr have been
discharged into the Irish Sea up to 1992. Until 1985
about 0.9 PBq137Cs and 0.8 PBq90Sr have been
discharged into the English Channel from La Hague.
Assuming that about 20 % of li7Cs and 30 % of 90Sr
discharged from Sellafield are transported to the
Barents Sea, and at least 2 % of the Barents Sea Leg
waters enter the Kara Sea [Timofeev, 1960; Suhovej,
1986], the integrated input to the Barents Sea should
be 8.2 PBq137Cs and 1.8 PBq90Sr and similarly 0.16 PBq
137
Cs and 0.036 PBq90Sr to the Kara Sea.
The discharges from Sellafield and La Hague have
decreased significantly during the last 20 years and the
level observed in the Kara Sea in 1992-1994 for 137Cs
was at its lowest since 1961.
2.4

M A R I N E TRANSPORT OF FALLOUT FROM THE

CHERNOBYL ACCIDENT

About 100 PBq137Cs were released during the Chernobyl
accident in April 1986. The former Soviet Union as well as
most parts of Europe, especially Central Scandinavia and
the Baltic Sea were affected by the fallout. In the arctic
region of Scandinavia, however, the fallout levels were
similar to the present level of global fallout (e.g.
1-2 kBq/m2 in Norway). The direct deposition in the Kara
Sea area is, therefore, assumed to be of minor importance. However, marine transport from the Baltic Sea
(Chernobyl fallout), North Sea and probably run-off from
Chernobyl contaminated area in Central Norway into the
Norwegian Sea, have contributed to the concentration of
134
Cs in the Kara Sea as observed in 1992. Based on the
isotopic ratio 134Cs/137Cs about 30 % of the Cs-isotopes in
the Kara Sea in 1992 may be attributed to the Chernobyl
fallout [JRNC, 1993; Strand et al., 1993; 1995].
2.5

DISCHARGES OF LIQUID R A D I O A C T I V E WASTE

According to the White Book No.3 [1993], about
0.45 PBq of liquid radioactive waste (LRW) have been
discharged directly into the sea water within five
allocated areas of the Barents Sea. In the Kara Sea,
approximately 0.32 PBq of LWR was discharged from
the icebreaker «Lenin» in 1975 (See Chapter 3).

2.6

DISPOSAL OF SOLID RADIOACTIVE WASTE

According to the White Book No.3 [1993], totally
6 submarine reactors containing spent fuel, part of the
spent fuel from one of the reactors of the icebreaker
«Lenin» and 10 reactors without fuel have been
disposed in three fjords at the east coast of Novaya
Zemlya and in the allocated areas of the open Kara Sea
within the Novaya Zemlya Trough (See Chapter 3).
Leakage from the dumped reactors is a potential source
of future radioactive contamination of the Kara Sea. The
release of radionuclides from sealed reactors is a longterm process and will be dependent on the kinetics of
the corrosion processes under the prevailing climate
conditions, the quality and quantity of the protection
barriers, as well as the physico-chemical forms of the
radionuclides.
2. 7 ACCIDENTS AFFECTING THE ARCTIC REGION

Thule, 1968
The crash of a US B52 aircraft carrying four nuclear
weapons near Thule, Greenland in 1968 released 239Pu
to the marine ecosystem. Recent studies have shown
that the release of 239Pu has only local impact on water,
sediment and biota [Aarkrog, 1995].
Canada, 1978
The disintegration of a USSR satellite over Canada in
1978, resulted in contamination of a relatively large
remote area including lakes.
Chernobyl fallout, 1986
Recent investigations on the fallout from the Chernobyl
accident in the Northern Scandinavia and the Kola
peninsula demonstrate that the contamination of the
terrestrial areas was equal or lower than the global
fallout in the 1960's [Rissanen et al., 1995].
Sunken nuclear submarine «Komsomolets» near
Bear Island, 1989
The nuclear reactor and 2 warheads onboard the
sunken nuclear submarine «Komsomolets» at 1658 m
depth near Bear Island represent a potential source of
contamination. It has been estimated that the reactor
contains about 1.55 PBq of 90Sr and 2 PBq of 137Cs, and
that the nuclear warheads contains approximately
16 TBq plutonium. So far, no significant contamination
has been observed.

2. 8 POTENTIAL SOURCES

Radionuclides in fallout from atmospheric nuclear
weapon tests have decayed since 1960's and fallout
from additional tests is not expected. The river and
marine transport of radionuclides to the Arctic seas have
declined since 1950-1960's and 1980's, respectively.
Additional contribution with rivers may occur from
accidental releases and flooding events. Discharges from
European nuclear installations have been reduced
considerably during the 1980's, but discharges from e.g.
the THORP installation at Sellafield may contribute to an
increase of mobile nuclides (e. g. "Tc). No further
dumping of radioactive waste is expected in the Kara
Sea. However, leakages from previously dumped solid
waste are expected to increase as corrosion proceeds.
Additional contributions may arise in the future due to
accidental releases associated with:

• nuclear installations, especially the Kola reactors.
•

handling and storage, especially of spent fuel and
high level radioactivity waste onboard ships, in
coastal areas and within river catchment areas.

• military activities (e.g. nuclear installations,
transport, handling and storage of nuclear weapons,
fuel and waste).
• devices driven by nuclear reactors (submarine and
other military vessels, icebreakers, satellites etc).
• nuclear powered lighthouses (containing 15 PBq
90
Sr)
Information on sources (inventories, constructions etc.)
has improved significantly during recent years,
especially with respect to the reactors dumped in the
Kara Sea, the Kola reactors, activities at the icebreaker
fleet at Kola and at PA Mayak in the Urals. However,
several sources, especially those associated with military
activities; are hardly known or at least poorly described.
For preparedness purposes, good assessment of
accidental releases is highly dependant on information
on source term characteristics etc. If such information is
not available, the assessment of future consequences of
radioactive contamination in the Arctic region cannot
be completed.

Table 2.1 Estimated integrated input of'3?Cs and "°Sr to the Barents and Kara Seas
SOURCES

KARA SEA

BARENTS SEA
"SriRB

Global fallout
Chernobyl fallout 1)

2.1
1-5

1.5

0.02

0,5

1.4
0.02-0.10

1.0

0.06

0.6-11.1

0.11

1.0

River transport 2), 3), 4)
1949-52, Ob
1961-89 Pechora,Onega, Severnaya Dvina
1961-89 Ob, Yenisey
Marine transport 5), 6)
1956-92 Sellafield

8.2

1.8

0.16

0.03

1966-85 La Hague

0.18

0.22

0.004

0.004

Waste disposal 6) 7)
Total 37

Reactors at the time of dumping
SRW

Total 0.001

Total 0.6

LRW

Total 0.56

Total 0.32

1) Aarkrog, 1993 (assuming 2 % of the Barents Sea leg to the Kara Sea)
2) Pasockow, 1993
3) Degtevaetal.,1992
4) Chumichev, 1995
5) Vakulovskyetai, 1993
6) Kershaw and Baxter, 1993
7) White Book No.3,1993
8) Sivintsev and Kiknadze, 1995
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Figure 3.1 Dumping areas in the Barents and Kara Seas
[White Book No. 3,1993].

Figure 3.2: Revised estimates of the maximum total activity
(TBq) in solid waste at the time of dumping for the different
dumping areas in the Kara Sea (IASAP-1, 5 and 6,1994/.

3. Dumping of nuclear waste in the
Barents and Kara seas

areas. The amounts of LRW dumped into the seas varied
substantially from year to year (Fig. 3.3).

Assessments of the total activity of liquid and solid
radioactive waste dumped into the Kara and Barents
Seas have been presented in the White Book No. 3
[1993]. The dumping areas are given in Figure 3.1.
Regular dumping of liquid radioactive waste in the
former USSR became the practice since 1960, and of
solid radioactive waste since 1964. Official information
on the inventory White Book No 3 [1993] has been
revised by IASAP.

Up to now, a total of about 880 TBq of LRW have been
dumped into the Barents and Kara seas. Of this about
450 TBq were dumped into the Barents Sea within the
five allocated regions. In addition, LRW with a total
activity of about 430 TBq were dumped outside the
allocated regions as a result of accidents. These
operations include 315 TBq LRW from the icebreaker
«Lenin» dumped in the Kara Sea in 1976, 37 TBq
dumped in the Andreyeva Fjord in 1982, and 74 TBq
dumped in the Ara Fjord in 1989. The data presented
above relate to dumping operations carried out by the
former USSR. Unfortunately, Russia continued the
practice of LRW dumping into seas due to problems
associated with the LRW handling at the naval nuclear
facilities. The latest event took place in the autumn of
1993 (dumping of LRW into the Sea of Japan). Totally,
Russia has dumped about 670 GBq of LRW into the
Arctic seas.

Figure 3.2 shows the revised estimates of the maximum
total activity of the dumped solid waste (areas 1 -8 in
Figure 3.1) at the time of dumping.
3.1. LIQUID LOW LEVEL RADIOACTIVE WASTE

Liquid radioactive waste (LRW) has been dumped into
the Arctic seas within five specially allocated areas (Fig.
3.1). Some of the waste was dumped outside these
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Figure 3.3 Dumping of liquid radioactive waste (LRW),
TBq/year.

Figure 3.4 Dumping of solid radioactive waste (SRW),
TBq/year (90Sr equivalent).

Liquid radioactive waste has been discharged directly
into the sea water since 1960. During the same period
about 6 PBq of 137Cs and 90Sr (sum of both nuclides)
entered the Barents and Kara Seas directly from the
atmospheric fallout, about 1.5 PBq with waters of the
main rivers, and about 10 PBq with discharges originating from Sellafield (Table 2.1). Thus the contribution of
the dumped liquid waste accounts for about 5 % of the
total activity directly released into the Barents and Kara
Seas since 1960.

south-west coast of Novaya Zemlya) in 1991, and >3.7
TBq in the Barents Sea (unknown year), as shown in
Table 3.1.
3.3. NUCLEAR REACTORS

Reactors and reactor compartments, both with and
without spent nuclear fuel, were also dumped in the Kara
Sea. The objects containing spent nuclear are of the
greatest potential radioecological hazard among all the
radioactive waste dumped in the Arctic seas. A total of 5
objects containing 7 reactors with spent fuel (including a
screening assembly with 60 % of the fuel of one of the
reactors of the icebreaker «Lenin») and 5 objects containing 10 reactors without spent fuel have been dumped.
For most of the fuel containing reactors furfural-based
material has been used as protection barriers. According to
the assessments referred to in the White Book No. 3
[1993], the maximum possible activity in the dumped
reactors with spent fuel amounts to 85 PBq, and the total
induced activity in the reactors without fuel is less than
3.7 PBq, both quantities refer to the time of dumping.
Thus considerable amounts of radioactivity are
concentrated in the reactors dumped in the Kara Sea.

3.2. SOLID LOW AND INTERMEDIATE LEVEL
RADIOACTIVE WASTE

Solid radioactive waste (SRW) of low and medium
activity were dumped in the fjords east of Novaya
Zemlya and in the Novaya Zemlya Trough in the open
Kara Sea (Fig. 3.1). By volume, the bulk of the SRW
dumped consists of waste produced during the
operation of the naval ships and submarines with
nuclear power units, and nuclear icebreakers.
As a rule, low- and medium-activity solid waste dumped
in the Kara Sea was enclosed in metal containers. Large
waste objects were dumped separately or inside specially
allocated ships, such as barges, lighters and tankers.
According to the White Book No.3 the amounts of
dumped SRW varied from year to year (Fig. 3.4). The
total activity of the SRW dumped in the Kara Sea
amounts to more than 570 TBq. In addition, 1.5 TBq
have been dumped in the Barents Sea in 1978 northwest of Kolguyev Island, 11 TBq in Chernaya Bay (at the

Within the framework of the International Arctic Seas
Assessment Project (IASAP), the inventory of the
dumped reactors have been recalculated at the Russian
research centres Kurchatov Institute and Institute of
Physics and Power Engineering. The new estimates for
the submarine inventories are nearly three times lower
than those presented in the White Book No.3. The
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lower estimate takes into account that most of the
reactors had an accident after a short period of
operation. On the other hand the new estimates for the
dumped reactor compartments of the icebreaker
«Lenin» are more than four times higher than those
given in the White Book No.3. Also in this case
unrealistic nuclear fuel burn upvalues have been used
in the previous estimates.

The dumped reactors are potential sources of
radioactive contamination of the marine environment.
The release of radionuclides from these reactors into the
marine environment depends mainly on the quality of
shielding barriers. According to the designer assessments, the filling of the reactor compartments with a
hardening composition based on furfural prevents the
spent nuclear fuel from contacting the sea water for a
period up to 500 years.

The total activity at the time of dumping is presently
estimated by the IASAP to be about 37 PBq. In Table 3.2
the recent assessments for the dumped objects with
spent nuclear fuel are compared with the data from the
White Book No.3. The corresponding present time
activity (1993/94) has been estimated to be about 4.5
PBq [IASAP-1, 5, and 6,1994], and a summary of the
recent estimates is given in Table 3.3. Detailed
information on the activity of individual radionuclides in
the dumped reactors with or without fuel, based on the
result of the IASAP study, is available in IASAP-1, 5, and
6 [1994].

Table 3.1 Low- and intermediate-level solid radioactive waste dumped in the Kara and Barents Seas [White Book No. 3,1993J.
C- Containers, LO-Large Object(s), V- Vessel(s)

ACTIVITY

AREA

NUMBER OF
DUMPING

Ci

TBq

OPERATIONS

YEARS

REMARKS

3174+?C,9LO, 8 V

1 - Novaya Zemlya Trough

3320

123

22

1967-1991

2 - Sedova

3410

126

8

1982-1984

1108 C, 104 LO

3-Oga

2027

75

8

1968-1983

472+?C,4LO, IV

4-Tsivolky

2684

99

8

1964-1978

1600+?C,6LO, IV

5 - Stepovogo

1280

47

5

1968-1975

5LO

6-Abrosimov

661

25

7

1966-1981

8+? C, 7 LO, 4 V

7 - Blagopoluchiya

235

8

1

1972

1 LO

8 - Techeniya

1845

68

3

1982-1988

146+? C, 18 LO, 1 V

40

1.5

1

1978

1V

300

11

1

1991

1 LO

>100

>4

1

?

Barge with solid RW

NW of Kolguyev Island
Chernaya
Barents Sea

6508+7C.155LO. 17 V
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Table 3.2. Objects containing reactors with or without spent nuclearfuel dumped in the Kara Sea. NS = Nuclear submarine, SNF
= Spent nuclearfuel.
OBJECT

CO-ORDINATES.

DEPTH

VEARO* DUMPING

MAX. TOTAL ACTIVTY

RADONUCLDE
CONTENT

HITE BOOKiNO. 3.19931:

HASAP-1;-S: AND -6,19941

30 (800)

11.6(314)

DESCRIPTONOF
PROTECTIVE BARRIERS

Compartment of
NS No. 285 with
two reactors, one
containing SNF

71056'2»N,
55018'5»E,
Abrosimov
Fjord, 1965

20

Compartment
with two reactors
containing SNF
from NS No. 901

71056'2»N
55018'9»E,
Abrosimov
Fjord, 1965

20

15(400)

2.9 (80)

Fission products

Stock reactor
compartment
and interior
structures filled with
furfurol mixture

OK-150unitof
nuclear icebreaker
«l_enin»: Three
reactors without
SNF and screening
assembly with
60% of SNF from
one of the reactors

74022'1»N,
58042'2» E,
Tsivolko
Fjord, 1967

49

3.7(100)

20 (528)

Fission products

SNF residue bound
by furfurol-based
mixture, shielding
placed in reinforced
concrete container
and metal shell

Reactor from NS
No. 421 with SNF

72040' N,
580 10'E,
Novaya Z. Trough,
1972

300

30 (800)

1.1(28)

Fission products

Metal container
with lead shell
dumped along
with barge

Submarine NS
72031'15»N,
No. 601 with two
55030'15» E
reactors containing Stepovogo Fjord,
SNF
1981

50

7.4 (200)

1.4(37)

Fission products

Stock reactor
compartment and
interior structures
filled with furfurol
mixture

Reactor compartment 71055'13» N,
(two reactors) from
55032'32» E.
NS No. 254
Abrosimov
Fjord, 1965

20

Requires special analysis+)

0.09(2.5)

Activation products

Stock reactor
compartment
structures

Reactor compartment 71056'2»N',
(two reactors)
55018'5» E,
from NS No. 260
Abrosimov
Fjord, 1966

20

Requires special analysis +)

0.04(1.2)

Activation products

Stock reactor
compartment
structures

35-40

Requires special analysis+)

0.006(0.15)

Activation products

Metal container
with lead shell

89 (2400)

37 (1000)

Two reactors from
NSNo. 538

73059' N,

compartment
and interior
structures filled with
furfurol mixture

66018'E,
Techeniya
Fjord, 1988

5 OBJECTS CONTAINING1965-1988
7 REACTORS WITH FUEL.
5 OBJECTS CONTAINING
10 REACTORS WITHOUT FUEL.

Fission products

*) Estimates refer to time of dumping
+) Totally <3.7PBq
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Table 3.3 Activity (1994) in the dumped reactor components with and without spent nuclearfuel [Sivintsev and Kiknadze, 1995]
ACTIVITY
FACTORY

FISSION PRODUCTS

ACTIVATION PRODUCTS

ACTINIDES

NUMBER
SIX REACTORS WITH SNF
285 1)
421

633
287

17.1
7.8

12.8
2.9

0.34
0.08

8.1

0.220

654

2.8

0.077

296

8.0

901

718

19.4

6.0

0.16

3.4

0.093

723

19.6

601
SUBTOTAL

17.7

374

10.1

239

6.47

1.3

0.034

614

16.6

2011

54.4

261

7.05

15.6

0.424

2288

61.8

SIX REACTORS WITHOUT SNF
254
260

9.5
5.1

0.256
0.137

9.5

0.26

5.1

0.14

538

4.5

0.122

4.5

0.12

Subtotal

19.1

0.515

19.1

0.52

ATOMIC ICEBREAKER «LENIN>:.21
OK-150

1883

50.9

230

6.3

85

2.30

2202

59.5

TOTAL

3894

105.3

513

13.9

101

2.72

4508

121.8

1) Including one reactor without SNF (spent nuclear fuel).
2) Including one reactor with 60 % of its SNF, and three reactors without SNF.
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Details of the sunken submarine in the Stepovogo fiord.

4. Results from 3 years of investigations
in the Kara sea
4.1 VISUAL INVESTIGATIONS OF THE DUMPED
NUCLEAR WASTE

In 1993 and 1994 the main objective of the expediton
were to locate and identify dumped objects and to
collect samples close to these objects. In order to localise
dumped objects, the areas were surveyed by several
searches. A high-frequency side-scanning or 360° sonar
was deployed and towed with a speed of 2-3 knots
[Foyn and Nikitin, 1993; 1994]. When a dumped object
was recognised on the sonar screen, a buoy for marking
its exact position was dropped from the ship.

Sonar screen and picture of dumped containers located in the
inner part of the Stepovogo fiord.

The best defined objects were then chosen for closer
investigations by the use of a remote operated vehicle
(ROM) equipped with a high frequency side-scanning or
360° sonar, a video camera, and sediment and water
sampling devices. It was furthermore equipped with a Nal
gamma detector and a BF3 neutron detector. Both sonar
and video camera pictures were recorded for later studies.
Thus, numerous dumped objects, both vessels and
containers, were localised in theTsivolky, Stepovogo
and Abrosimov Fjords. Corrosion damages, sometimes
severe, could be observed by the video camera,
especially of the waste containers. The degree of
corrosion of the localised objects was, however, difficult
to judge from the video pictures in cases where the
objects were covered by algae and crustaceans.

Picture of a submerged barge for liquid waste in the
Abrosimov fiord.
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Using the ROV's sampling device, sediment samples
were collected in the very close vicinity of the dumped
objects as well as at different distances from the objects.

Also numerous steel containers were observed, most of
them having a cubic shape. In sediments close to the containers, 137Cs was detected. The container walls were highly
corroded, and some of the holes probably were made
during the dumping operations [F0yn and Nikitin, 1994].

Tsivolky Fjord
A number of objects of various sizes were located in the
Tsivolky Fjord. The largest localised object was a cargo
vessel. The turbidity of the water in the fjord was a
considerable hindrance to the video camera search. The
visibility in front of the ROV was about one meter [F0yn
and Nikitin, 1993]. Nevertheless, it was possible to
obtain useful close-up pictures of the vessel.

4.2

CONCENTRATION OF RADIONUCLIDES IN

WATER, SEDIMENTS AND BIOTA

4.2.1 Sampling and p r e c o n c e n t r a t i o n
techniques
During the expeditions 1992-1994 samples of water,
sediments and biota were collected. Usually, water
samples were collected at three different depths:
surface, intermediate layer and near bottom water. In
shallow waters, however, only surface and bottom water
samples were collected. Surface water was collected by
using two electric pumps submerged into the water just
below the surface. Water from the deeper layers was
pumped through a hose with an inner diameter of 1.8
cm. The sampling depth was determined by the use of a
Scannamar depth recorder. The water volumes collected
at each station were controlled by using Russian and
Norwegian flowmeters [JRNC, 1993].

Stepovogo Fjord
In the outer Stepovogo Fjord the submarine No. 601
was located both in 1993 and 1994. The turbidity was
lesser than in Tsivolky Fjord, but the visibility was still too
low to allow pictures of the entire submarine to be
taken. It was, however, possible to see a small fish
swimming into an opening in the submarine hull. The
expedition in 1994 concentrated the investigations to
the inner part of the fjord where numerous metal
containers were observed at about 50 m depth. The
containers have apparently different weights, as some of
them had sunken deeply into the bottom sediment,
while others were situated on the sediment surface.
Holes were observed in some of the light containers.

Handling of water (Norway)
At each site water was pumped through a 1 urn
polypropylene filter to 3 storage tanks (1000 litres each)
placed on deck, and the water samples were distributed
to various precipitation tanks and to a filtration system.
A tangential flow system (Millipore) having membranes
with a nominal molecular weight cut-off level of 10
kDalton was occasionally applied for the identification
of colloidal material.

Abrosimov Fjord
In the Abrosimov Fjord two weeks were assigned to the
localisation of dumped objects and sampling of
sediments, water and biota. All of the objects described
below were observed in shallow water (less than 20 m).
Three barges were localised, one identified to be of type
«MBCH», and one of type «MBHH». The third barge
was similar to the «MBCH», but had two large
cylindrical containers on the top of its cargo holds. The
containers were about 8-10 m long and had a diameter
of about 2-3 m. [F0yn and Nikitin, 1994].

For determination of 137Cs and 134Cs, water was pumped
directly into a filtration system consisting of three
consecutive cartridges; firstly suspended matter > 1 urn
was removed, and then two Cs-sorbents (fibres coated
with Cu2Fe(CN)g) were applied. Aflowmeter mounted
at the outlet of the third cartridge registered the filtered
water volume.

Three objects which have been claimed to be dumped
reactors were also localised. Based on gamma
measurements, 137Cs could be detected from 2 of the
objects, and 60Co from the third. A fourth reactor
compartment which should have been dumped in the
fjord according to the White Book No. 3 [1993], was
not located.

For Pu-isotopes, water samples (200 I) were transferred
into precipitation tanks and adjusted to pH 2 by adding
200 ml cone. HCI.242Pu/243Am-tracer was added for chemical recovery determination. Then, 16 g FeSO^ 7 H2O and
200 g Na2S2C>5 were added, and after 1 hour stirring
the water was adjusted to pH 9.5 by addition of 0.5 M
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NaOH. The resulting Fe-hydroxide precipitate was left
for at least 10 hours, thereafter the supernatant was
siphoned off and the precipitated slurry (transuranic
elements co-precipitated with Fe(OH)3) transferred to a
10 I polyethylene container for further radiochemical
separation in the laboratory. For ""Sr, water samples
(100 I) were transferred to polyethylene containers. One
litre cone. HCI and stable Sr-carrier were added, and the
sample was spiked with ""Sr tracer. The containers were
transported to the laboratory for further radiochemical
separation. In 1992, the oxalate precipitation was
carried out (100 I) onboard ship.
Handling of the water (Russia)
The water was initially pumped through a blue band
filter for removing suspended matter and then through
a Cs-sorbent (fibres coated with Cu2Fe(CN)^) for
collecting Cs-isotopes.
For Pu-isotopes, the filtered water samples
were acidified by HCI to pH 2, and ' Pu tracer and 200 g
Na2 SO: added. The sample was stirred periodically for
12 hours prior to the addition of a FeC^ solution (1 g
Fe3+ per 100 I sample) and the sample was then stirred
periodically for 2-3 hrs. During mixing, a NaOH-solution
was added stepwise until pH reached 8.5-9.5. The
sample was left for 12-24 hrs to obtain a complete clear
supernatant. The supernatant was decanted, the
precipitate was filtered, and the filter was collected for
further radiochemical separation in laboratory.
For l:Sr, samples of filtered water (10 I) were collected in
separate plastic bottles and 1 20 g Na CO was added.
After dissolution of Na'CO:, the bottle was left for
24-48 hrs. Then, the mixed Sr-, Ca-, Mg-carbonate
precipitate was filtered using a Buchner funnel, and 200
cm ; deionised water was used for washing. The filtered
precipitate was then transferred to plastic bags. Filtered
sea water samples (0.25 I) were correspondingly
collected for analysis of stable strontium.
Sediment sampling cores
In 1992, a gravity corer (Niemisto) was applied, but
with limited success due to the sediment composition.
Thus, most of the sediments were sampled by means of
a Smogen boxcorer with an inner area of 30 x 30 cm
and a Russian modified Petersen grab. Sediment core
profiles were subsampled by slowly inserting plastic

Sampling nfset! i meals.
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4.2.2 Analytical procedures and methods of
analysis
Analysis of gamma emitters
Filters and sorbents were dried at 105 °C and ashed at
450 °C prior to measurements. The surface sediment
samples and sectioned core samples were freeze-dried
and homogenised prior to gamma measurements.
Biological samples were dried at 105 UC prior to
measurements.
All samples were subjected to gamma spectrometry
using various high resolution HPGe or Ge(Li)-detectors
(resolution in the range of 1.7-2.0 keV, efficiencies in
the range of 10-55 %). The counting times varied from
one to several days. For tracer experiments Nal
detectors were employed.
Analysis of beta emitters
The pretreated water samples (100 I) were transferred
into precipitation tanks. While stirring, 500 g (COOH)2
dissolved in hot deionised water was added (AUN,
Norway). Then 1.5 I NH 4 OH was added and the pH was
adjusted to 4.0 by using dilute NH 4 OH. The oxalate
precipitate was dissolved and Sr precipitated with
fuming HNO3. Interfering radionuclides were removed
by BaCrO4 and Fe(OH)v precipitations and Sr was
precipitated with fuming HNO3. Y carrier was added
and Y(OH)3 was measured after ingrowth of 90Y to
equilibrium. Aqua regia extracts from sediments and
extracts from sequential extractions (Sr-carrier and
spike added) were subjected to 90Sr-analysis using
liquid-liquid extraction of 90Y by toluene containing 5 %
HDEHP, and backextracted into 3 M HNO 3 [Bjornstad et
al., 1992]. The Cerenkov radiation from 90Y was
determined by low level liquid scintillation counter
(Quantulus). Chemical yields were determined by EDTA
titration and from the 85Sr spike.

Sampling of <;ediments

tubes into the sediment contained in the boxcorer.
Thus, vertical profiles were collected for every boxcorer
shot. Cores collected in 1992 were subjected to X-ray
tomography prior to sectioning.
Most of the core profiles were frozen after collection
and transported to laboratory for sectioning. After a
slight defrosting, some of the sediment cores were
sliced into 1 cm (0-10 cm) and 2 cm (remaining core)
sections and transferred to plastic containers. After the
collection of profiles, the remaining surface layer (0-2
cm) was collected in the boxcorer with a spatula. About
two thirds of the boxcorer surface layer, corresponding
to about 100 cm2, was sampled in this manner.
In 1993 and 1994, a ROV (remote operated vehicle)
equipped with sediment sampling device was applied
for sampling of surface sediments in the close vicinity of
localised dumped objects.

Radiochemical separation of 90Sr at IFE, Norway and at
Typhoon, Russia, was based on the fuming nitric acid
method . At IFE, the pretreated water and the solution
after acid leaching of sediments were subjected to
further radiochemical separation, (see «Typhoon»
procedure belov). The counting samples of yttrium
oxide were measured by low background anticoincidence beta counters (Riso type, background 15
pulses/hour, efficiency 55 %) The chemical yields were
determined by 85Sr spike and titration with EDTA.

Biota samples

Fish nets, traps and a three angel bottom dredge were
used for collecting biota. The traps, with a bait of
mackerel, were deployed in the fjords from a small
rubber dingy and in the open sea from the research
vessel. Samples (fish, benthic organisms, seaweed) were
frozen or stored at 4°C until analysis.
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At Typhoon (Russia) carbonate precipitate from 10-20 I
water and solution after acid treatment of sediment was
subjected to 90Sr-analysis. Radionuclides interferring
with the 90Sr determination, were removed by
precipitation and separation of hydroxides, barium
chromate, carbonates and an additional precipitation of
iron hydroxide. The measurements were based on the
90Y after ingrowth to equilibrium and separation of 90Y
after the addition of stable yttrium carrier. The counting
samples of yttrium oxide were measured by a low
background beta counter (background of 15 pulses/
hour, efficiency 36 %). The chemical yield was
determined from stable Sr using flame photometry
[Vakulovsky and Silantev, 1969; Chumichev, 1972].

Sediments were sequentially leached (1:10 ratio) with
sea water, 1 M [\IH4Ac (sea water pH), 1 M [\IH4Ac
(pH 5), NH 2 HCI, H 2 O 2 in HNO 3 , and 7 M HNO3
[B0rretzen et al., 1995]. Alternatively, a simplified
method (Step 1, 2, 3, 6) was applied. Solid and liquid
were separated by centrifuge (10 000 g) and the
fractions were subjected to gamma spectrometry (137Cs)
and 90Sr determinations [B0rretzen et al., 1995].
To obtain information on the interaction of Cs- and Srions with sediments, dynamic tracer experiments have
been performed using sediments from the open Kara
Sea and sediments from Stepovogo Fjord [B0rretzen et
al., 1995, Oughton et al.; 1995]. H4Cs+ and 85Sr2+ were
added to a mixture of samples and sea water (1:10
ratio) at 4°C. As a function of time, the solid and
solution were separated by centrifugation (10 000 g)
and the distribution coefficient, Kd, Bq'k;>lscdin;em was

Analysis of alpha emitters
The precipitate from 2001 water samples and aqua regia
extracts from sediments (10 g d.w.) were subjected to
alpha analysis (Norway). Pu and Am were separated (242Pu
and 243Am spike added) by extraction with a 10 % TIOA/
xylene solution, then Pu was backextracted from the
organic phase into 8 N HCI, and separated by ion exchange
chromatography. After electro deposition on stainless steel
discs, Pu and Am were measured alpha-spectrometically by
semiconductor silicon detectors [Chen et al., 1991 ].
Chemical yields were obtained from the spikes.

'

'

Bq/kg wilier

calculated. Sequential extractions were performed on
the withdrawn aliquots. Alternatively, sediments with
spiked sea water were left in contact (4°C) during
several months. Decrease in the sea water activity due
to interactions with surface sediment layers was
followed as a function of time, and Kd was calculated.
4.2.3 I n t e r c o m p a r i s o n excercises
Intercomparison exercises were organised by the IAEA
for the laboratories participating in the analytical programme, covering all categories of samples collected
during the Kara Sea expeditions of 1992-1994: sediment, sea water and biota. Detailed results of the 1992
and 1993 exercises on radionuclides in sediment and
sea water respectively were presented in previously
reports [JRNC, 1993; 1994]. The results were in good
agreement, especially for 137Cs.

The precipitate from 100-200 I water samples and the
solution after decomposition of sediments (not more
than 10 g) by a mixture of acids were subjected to 239240Pu
analysis (Russia). Interferring components were removed
by anion-exchange chromatography. Counting samples
were prepared by electroplating onto stainless steel discs.
Measurement of alpha radiation was performed by Ortec
detectors S70A 450 R type [Pavlotskaya et al., 1984;
Tishkova et al., 1987; Lovett et al., 1990].

Intercomparison of radionuclides in seaweed (1994)
A subsample of 11 kg wet weight of Laminaria
(composite, including L. Digitatis and L. Saccharina)
was separated from the seaweed collected in Abrosimov
Fjord, September 4, 1994. The sample was rinsed
with seawater to clean off sediment, then briefly rinsed
with fresh water to remove salt. After draining off excess
water, the sample was stored in dark plastic bags at
ambient temperature (< 100C) and shipped
refrigerated to IAEA-MEL.

Special investigations
Following autoradiography, radioactive subsamples of
sediments were coated with carbon and subjected to
SEM. Using back-scatted electrons, particle surfaces
covered with high atomic number elements will appear
as bright and intense areas. Using X-ray microanalysis
(XRM), the distribution of elements associated with the
particle surfaces can be identified [Salbu et al.;1994].
To obtain information on the mobility of radionuclides
in sediments sequential extractions were carried out.
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Good agreement was obtained for l37Cs and 239-240Pu
values. Reasonably good agreement was obtained for
40
K, while 90Sr, 23SPu and 241Am values were reported by
only a small numbers of participants. In addition to
intercomparison exercises performed every year- most
seawater and sediment samples were taken parallell and
divided among the Russian and Norwegian Laboratories. Good agreement was obtained from the analyses
of these parallel samples.

The sample was freeze-dried, ground and then
homogenized in a rotating stainless steel drum for 10
days. The dry to wet weight ratio is 0.096. The sample
was then divided into 90 g subsamples. Homogeneity
tests were run for 137Cs (5 samples), 40K (3 samples) and
239,24opu (3 samples), giving satisfactory results: standard
deviations from the mean of 4.7 %, 0.9 % and 1.5 %,
respectively.
It was required to report dry weight concentrations
principally of antropogenic and natural gammaemitters,OTSrand 239'2<10Pu. The results are given in
Table 4.1.

Table 4.1. Concentrations ofradionuclides in seaweed (Bq/kg) dry weight). Reference date: 4 September 1994.

LABORATORY

SPA«Typhoon»(R)
NRPA(N)

3020+24
3218±161

3.9+0.4
3.5+0.4

IFE(N)

3650±170

3.6±0.5

AUN (N)

3072±109

3.3±1.4

Inst. for Marine Research (N)
IAEA-MEL

< 0.013

0.09+0.01

<1

0.055±0.008

0.12±0.01

0.9±0.2

0.099±0.037

2.6+0.2

0.21+0.06

2.7+0.9
3266+165

3.5+0.4

<0.01
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0.09+0.01

0.013±0.005
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Figure 4.2: Concentration ofs°Sr in surface water (Bq/m3) in
the Barents and Kara Sea.

Figure 4.1: Concentration of'37Cs in surface water (Bq/ni3) in
the Barents and Kara Sea.
4.3

RESULTS AND DISCUSSION OF ANALYTICAL

DATA

4.3.1 Open Kara Sea
From the expedition in 1992, information was obtained
on the present general radioactive contamination in the
area. Water samples, sediments and biota were
collected at 2 stations in the Barents Sea and 11 stations
in the open Kara Sea. The expedition route is shown in
Figure 1.1. The results from the 1992 expedition were
published by the Russian-Norwegian Expert Group in
1993 [JRNC, 1993; Strand et al., 1994].
The geographical distribution of the concentrations of
radionuclides (137Cs, 90Sr, 239240pu) in surface waters is
illustrated in Figures 4.1-4.3. The area of the circles is
proportional to the concentration levels of the
radionuclides in the surface sea water. The distribution
of 137Cs and "Tc demonstrated a concentration gradient
with highest values in high salinity waters near the Kara
Gate and along the east coast of Novaya Zemlya, while
lower values were found in the low salinity water
originating from the estuary of the rivers Ob and
Yenisey. For90Sr, the concentration gradient reflected a
contribution from river transport (Fig. 4.2).

}

1

Figure 4.3: Concentration of2n2mPu in surface water (mBq/m?)
in the Barents and Kara Sea.

all other stations the 137Cs concentration was higher
than 90Sr at all depths. Especially at stations along the
eastern coast of Novaya Zemlya, higher concentrations
of 137Cs were observed in the saline bottom water than
in the surface water. The high value of the 90Sr/137Cs
ratio in the north eastern Kara Sea strongly correlates
with low salinity water, which indicates the importance
of the river input of 90Sr.

The vertical distribution of 137Cs and 90Sr in the low
salinity waters outside the estuaries of the rivers Ob and
Yenisey demonstrated that the surface waters were
enriched in 90Sr compared to 137Cs (Fig. 4.4 and 4.5). At
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The activity ratios between the different radionuclides
were utilised for estimating the contribution from different sources to the contamination of the Kara Sea. The
ratio of l34Cs/137Cs in sea water was relatively constant (in
the range 0.019-0.034), and systematic geographical
variations could not be seen. The known sources of '34Cs
are the discharges from Sellafield reprocessing plant and
the Chernobyl fallout. Assuming that the ratio of
13
"Cs/li7Cs in the Sellafield discharges was 0.08 (1980-85)
[UNSCEAR, 1988] at the time of discharge, and taking
the 5-6 year transport time and the low discharges after
the mid 1980's into account, the 134Cs contribution from
Sellafield would be negligible in 1992. This implies that if
Chernobyl is the only source of m Cs, approximately up to
30 % of the 137Cs in the surface water in the Kara Sea
would originate from the Chernobyl accident. The total
activities of 1!7Cs and 2W240Pu in the upper 10 cm of
sediments are shown for all stations in Figures 4.6 and

4.7. It is seen that sediments close to the Kara Gate have
higher activity levels, especially for plutonium, than the
stations in the Kara Sea. Vertical distributions of radionuclides (13?Cs, 238Pu, 23"-24»Pu) at station 1, 5 and 12 are
given in the Figures 4.8-4.10.
During the last 30 years several expeditions to the Arctic
seas have included the measurements of radionuclides
in their analytical programme. In the Kara Sea, however, relatively few results are available from previous
investigations. The highest concentration of 90Sr was
observed during the atmospheric weapons testing
[Vakulovsky et al., 1993]. The concentration has
decreased with time, to a level of 3-11 Bq/m3 for
surface waters observed in 1992.
Based on the results from the 1992 expedition, the main
conclusions were that the concentration level of radio-
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Figure 4.7:2:K>-2-mpu in upper 0-10 cm of sediment (Bq/m2) in
the Kara Sea and Barents Sea.

Figure 4.6: i:"Cs in upper 0-10 cm of sediment (Bq/m2) in the
Kara Sea and Barents Sea.
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Figure 4.9: Concentrations of'asPu in sediment profiles from
the Open Kara Sea, st 1, st. 5 andst. 12-1992.
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Figure 4.8: Concentrations of' Cs in sediment profiles from
the Open Kara Sea, st. l,st.5 and st. 12-1992.

nuclides in the Barents and Kara Seas is low and can be
attributed to global fallout, releases from the Sellafield
reprocessing plant, contribution from the rivers Ob and
Yenisey and Chernobyl fallout. However at one location
(west of the Kara Sea), the concentration of plutonium in
sediments were one order of magnitude higher than at
the other stations in the Kara Sea. The source of the
excess activity may be underwater nuclear explosions
performed in the 1960's.
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Comparison with the results from previous investigations during the period 1963-1992 shows that the
present level of radioactive contamination in the Kara
Sea are lower than the levels reported from all these
investigations. No influence of the dumped radioactive
wastes on the general level of radioactive contamination in the open Kara Sea could be observed.
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Figure 4.10: Concentrations of'm~'°Pu in sediment profiles
from the Open Kara Sea, st. 1, st. 5 andst. 12-1992.
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Figure 4.12: Temperature and salinity profiles from Novaya
Zemlya Trough.
within 80-240 m, reaching maximum temperature of
-1.43°C. This water mass is, most probably, deep cold
waters from the Central Atlantic Basin. Below this layer
another decrease of temperature was observed, practically close to the freezing point (minimum at -1.86°C).
This water mass is assumably formed during winter as a
result of ice formation and is characterised by very low
temperature and high salinity. Due to the high density,
it descends towards the bottom.
Concentrations of radionuclides in sea water and sediments
•
•
•
*

Two sampling sites (stations 8 and 9) were chosen in
1993 (Fig. 4.11) but unfortunately no dumped objects
could be identified in the area. The concentrations of
137
Cs and 90Sr in sea water were similar to those observed
in the open Kara Sea in 1992 (Tab. 4.2).

Nulear submarine reactor with spent fuel.
Barges and ships with solid radioactive wastes.
Other radioactive wastes.
1992 cruise stations

Figure 4,11: Map of sampling stations and dumping areas in
the Novaya Zemlya Trough.

In the surface sediment layer (0-2 cm) the concentrations of 137Cs were within 7-30 Bq/kg d.w. which is
similar to the concentration range (2-33 Bq/kg d.w)
observed in 1992.

4 . 3 . 2 D u m p i n g sites

The Novaya Zemlya Trough
According to the White Book No. 3 [1993], one reactor
from the nuclear submarine No. 421 with fuel was
dumped in 1972.

Based on the limited number of samples from the
Novaya Zemlya Trough, no indication of leakage from
dumped radioactive waste was observed.

Hydrology
In the trough stretching along the eastern coast of
Novaya Zemlya water samples were collected down to
360 m depths (Fig. 4.11). The vertical profiles of
temperature and salinity indicated the presence of four
different water mass layers (Fig. 4.12). The upper layer
of (0-20 m) was relatively warm 2.1-2.5 °C and
desalinated due to the influence of fresh water
originating from the Ob and Yenisey rivers. In the layer
between 20 and 80 m, the Kara Sea water masses with
temperature as low as -1.75°C were dominant. There
was a certain increase in the temperature in the layer

Table 4.2.
Concentrations of':"Cs and '"'Sr in sea water at the Novaya
Zemlya Trough, Bq/ni'
STATION NO.
8-1993
9-1993
Kara Sea St 2, 1992
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Surface
Bottom

5-7
7-8

3
3
3

Surface

4-6

Bottom

13-14

3

Surface

3-8

3-12

Bottom

4-18

3-6

temperature was 3-5°C on the surface and in the upper
part of the thermocline. The salinity changed from
14-15 %o on the surface to 18-19 %o at the lower
boundary. The bottom water layer beneath the
thermocline originates from Kara Sea water. The
temperature was about 1 °C near the thermocline and
-1.5°C near the bottom. The salinity ranged within
33.5-34.0 %o and 34.4-34.8 %o, respectively.

Tsivolky Fjord

According to the White Book No. 3, [1993] reactor
shielding assembly with fuel (60 %) and 3 reactors
without fuel from the icebreaker Lenin were dumped in
the Tsivolky Fjord in 1967 among other objects. Inspections with sonar and underwater camera, gamma
measurement with underwater detector, and sampling
of waters and sediments took place close to a dumped
cargo vessel.

Concentrations of radionuclides in seawater and sediments

Four sampling sites were chosen (Fig. 4.14) in the inner
and outer area of the fjord. The levels of U7Cs and 90Sr in
the inner as well as the in outer Tsivolky Fjord were
similar to those found in the open Kara sea, 1992
(Tab. 4.3).

Hydrology

Based on the vertical profiles of temperature and salinity
(stations 1-4) two well-defined water masses could be
distinguished (Fig. 4.1 3). The surface was influenced by
the inflow of fresh water (rivers and glaciers). The
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3

Table 4.3.
Concentrations of'37Cs and 90Sr in sea waterfrom the Tsivolky
Fjord (Bq/m3)
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Figure 4.13: Temperature and salinity profiles from Tsivolky
Fjord.
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Kara Sea, 1992
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The vertical distribution of 137Cs in sediment profiles
from Tsivolky Fjord (Fig. 4.15) was similar to that
observed in sediment from the open Kara Sea, 1992,
being enriched in the upper layers and decreasing in
concentration with depth. In the Tsivolky Fjord, the
n
'Cs concentration was within 4-30 Bq/kg in the
surface sediment layer, while concentrations within
2-33 Bq/kg were observed in the open Kara Sea (1992).
As the concentration of 210Pb was uniform throughout
the profile, the sedimentation rate could not be
estimated.

Water sampling
Bottom sediments sampling

Biota sampling:
+ Dredge
* Traps

The most striking feature in the Tsivolky Fjord was the
presence of 6°Co in the upper 4-5 cm sediment layer
(up to 19 Bq/kg). Due to the relatively short half-life of
the nuclide, 60Co may originate from the dumped

Figure 4.14: Map of sampling stations and dumping sites in
Tsivolky Fjord.
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Figure 4.16: Temperature and salinity profiles from Stepovogo
Fjord.
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Figure 4.15: Concentrations of'37Cs in sediment profiles from
Tsivolky Fjord, st. 1, st. 1,2,3, 4-1993.

One of the regions of solid
radioactive waste dumping.

nuclear waste or from underground nuclear tests in the
Novaya Zemlya region [JRNC, 1994; Strand et al.,
1995].

Submerged nuclear submarine:
with spent fuel.

The Stepovogo Fjord
According to the White Book No.3, [1993] the nuclear
submarine No. 601 containing two reactors with spent
nuclear fuel, and numerous containers with solid waste
were dumped in this area. The submarine was identified
in the outer fjord in 1993, and during the search with
sonar, a number of small-sized objects in the inner fjord
were detected. The main goals of the 1994 studies in
the Stepovogo Fjord were to repeat sampling near the
sunken submarine to confirm enhanced radioactivity
levels found in 1993, to locate dumped objects in the
inner part of the fjord and collect samples close to these
objects, and finally to collect samples from the Novaya
Zemlya shore line [Strand el al.; 1995, Salbu et al.;
1995a).

Figure 4.17: Map of sampling stations and dumping sites in
Stepovogo Fjord.

Hydrology

Concentrations of radionuclides in sea water

The inner part of the Stepovogo Fjord is separated from
the outer part by a shallow threshold. Based on the
hydrological measurements (Fig. 4.16) it may be
expected that the exchange of the bottom saline waters
occurs slowly, and that the residence time of this layer is
rather long. The water in the outer Stepovogo Fjord is
characterised by desalination of the Kara Sea water with
fresh water flowing from the Novaya Zemlya. The
salinity increased gradually from 1 7-20 %o on the
surface to 25-28 %o near the bottom, and no clear
temperature gradients were found. In the inner fjord

In 1993, three main stations were investigated (5-93,
6-93 and 7-93) and in 1994 an extensive mapping was
performed (a total of 22 stations) in addition to two
main sampling stations (Fig. 4.1 7). The two main
stations in 1994 (Step-I and Step-ll) corresponded to
the stations 5-93 and 6-93, respectively.

• Water sampling.
• Bottom sediments sampling,
Biota sampling:
+ Dredge.
* Traps.

(6-93), the desalinated water layer was observed in the
upper 25 m, the temperature varied within 3.7 to 2.7°C
and the salinity from 20.0 to 27.0 %o. The thermocline
was 6-7 m and located at 25-31 m depth. The
temperature in the near-bottom layer varied within -1.0
and -1.7°C and the salinity between 34.0 and 34.8 %o.

The concentrations of 137Cs,90Sr, and 2»240Pu in surface
and near-bottom water collected at all sites in the
Stepovogo Fjord 1993 and 1994 are given in Table 4.4.
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The activity ratio 134Cs/137Cs varied within 0.007-0.032.
Based on 4 samples collected in 1993,241Am ranged
within 1.5-7.7 mBq/m3. The concentration levels of
137
Cs, 90Sr, 23'.24°Pu and 241Am in surface waters collected
in 1993 and 1994 are similar to those obtained for open
Kara Sea in 1992. In general, the concentration levels
increased in the near bottom waters, especially in the
inner fjord in 1993. In 1994, bottom water enriched in
137
Cs was confirmed, while only a slight increase could
be seen for 90Sr.
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The enriched level of radionuclides in the bottom water
from the inner Stepovogo Fjord can be attributed to
leakages from dumped containers or resuspension from
contaminated sediments. Cross flow membrane
filtration of near bottom water indicated that the
colloidal fraction was low.
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Figure 4.18: Concentrations of"7Cs in soil profiles collected on
point 1 in Stepogovo Fjord.
60

Co were found. Thus, run-off could be excluded as a
source.

Surface sediment samples

Traces of 134Cs and 60Co were observed in surface
sediments from the inner (station 5-93) and outer fjord
in 1993 (6-93), probably due to analysis of larger
samples than for the profiles. The levels of 238Pu and
239,2iopuw e r e v e r y | ow _ j n o n e sediment sample collected
with the ROV sampler close to the hull of the dumped
nuclear submarine, the concentration of 137Cs was more
than one order of magnitude higher (203 Bq/kg) than
in all other sediment samples collected at station 5-93.
In this sample '52Eu and 154Eu were also identified.
According to the estimated inventory of fission products in the submarine reactors, these nuclides were
expected to be among the dominating gamma emitters

In the inner part of the fjord, where the water exchange
with the external part of the fjord may be reduced due
to a shallow threshold, much higher level of 137Cs was
observed (about 100-200 Bq/kg ). In addition to
increased concentration of l37Cs, 60Co was also identified
in the bottom sediments. The increased levels of 737Cs
and the presence of 60Co in sediments from the inner
part of the fjord could be due to run-off of radionuclides
from Novaya Zemlya or leaching of radionuclides from
the dumped solid radioactive waste. However, only low
levels of 137Cs were detected in the upper centimetres of
the soils (Fig. 4.18) collected at the Stepovogo Fjord
shore (Fig. 4.1 7 points 1 -4) in 1994 and no traces of
Table 4.4.
Concentrations of':"Cs, "0Sr and

EXPEDITION YEAR
1993

239 2l0

- Pu in sea water from the Stepovogo Fjord

STATION NO.
5 (Stepovogo Fjord outer part)

1994

Step-I (Stepovogo Fjord outer part)

1993

6 (Stepovogo Fjord inner part)

1994
1993

(Bq/m3).

Step-ll (Stepovogo Fjord inner part)
7 (Stepovogo Fjord outlet)
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Surface
Bottom

5-6

6-8

4-6
4-5

0,002-0,01

Surface

8-9

2-3

0,004

Bottom

9-10

3-4

0,005

Surface

5-7

5-6

0,002

Bottom

22-32

24-26

0,006

0,002

Surface

7-8

2-3

0,005

Bottom

14-19

5-6

0,006

Surface

4-6

5-7

0,003

Bottom

6-8

4-5

0,018

at the end of 1993. The presence of europium isotopes
indicates that the enhanced activity originates from the
reactors of the dumped nuclear submarine.

Otherwise, the general trend, based on 22 sampling
sites showed uniform concentrations of 137Cs (20-90
Bq/kg).

ROV samples collected in the outer fjord 1994 (Step-I),
showed relatively uniform distribution of radionuclides,
the 117Cs concentrations ranging from 15-40 Bq/kg.
Both ROV and surface samples taken in the inner fjord
(Step-ll) 1994, showed large variation. Even though
each sample was carefully dried, homogenised and
divided into two, parallel samples could show a
concentration variation of a factor 10, both for 137Cs and
90
Sr. Levels of 137Cs varied from 300-109000 Bq/kg, 90Sr
12-3 150 Bq/kg, 60Co 20-2900 Bq/kg 239-24»Pu 0.6-18
Bq/kg and 238Pu 0.2-5 Bq/kg. In these samples radioactive particles were also identified by autoradiography.

Concentrations of radionuclides in sediment profiles
In general, 137Cs was enriched in the upper 5 cm
sediment layer and decreased with depth. The highest
137
Cs concentrations in sediments in 1993 were found in
the inner fjord (station 6-93), with maximum 100-200
Bq/kg in the upper layers (0-4). The concentration of
1M
Cs was below the detection limit in the sediment
profiles. In 1994, somewhat higher 137Cs concentrations
were found, ranging from 260-5450 Bq/kg in the upper
5 cm (Step-ll). The vertical distributions of 137Cs in
sediment profiles are illustrated in Figures 4.19 and
4.20. In the outer part of the fjord and at the inlet of the
fjord the concentration level (10-20 Bq/kg ) was similar
to that observed in the open Kara sea in 1992 (10-27
Bq/kg). Based on measurements of 210Pb in sediment
profiles, the sedimentation rate at station 6-93 has been
estimated to be 1.3 mm/year (Figure 4.21).
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wmmmm
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The 90Sr concentrations were in the range 0.2-4.2
Bq/kg. The highest concentrations were observed in the
inner fjord (station 6-93). The concentration of 90Sr in
sediments decreased relatively smoothly with the depth
of the profile (Fig 4.20).
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Co was observed at station 6-93 only, with the highest
concentrations in the upper sediment layers (2.5-19
Bq/kg). Higher 60Co concentrations were found in 1994,
ranging from 25-350 Bq/kg (Fig. 4.22).
The 239240Pu concentrations were in the range 0.03-0.94
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Figure 4.19: Concentrations of':"Cs in sediment profiles from
the Stepogovo Fjord, st.5 andst. 6 -1993.
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Figure 4.20: Concentrations of'37Cs and 90Sr in sediment profiles from the Stepogovo Fjord, Step-ll-1994.
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0,01

Bq/g

Bq/kg, with the highest values observed at station 6-93.
The concentration level was similar to that observed in
sediment samples from the open Kara Sea collected
during the 1992 expedition (higher levels observed at
stations 1 -92 and 5-92). In general, the upper 4-5 cm
sediment layer was enriched with 239240Pu, and the
concentration decreased with depth. Similar levels were
found in 1994, ranging from 0.2-1.0 Bq/kg.
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Analysis of particles in the sediment.
Inhomogeneous distribution of radionuclides in the
sediments (Fig. 4.22) indicated the presence of
radioactive particles. Autoradiography confirmed this
hypothesis (Picture). Using scanning electron
microscopy (SEM) with back-scattered electrons (BEImode) a bright intensive particle could be observed in

Pb

25 J

Figure 4.21: The amount of unsupported2WPb is used for
calculation of the sedimentation rate. The data shown are
from sample 6-4-3 from the Stepovogo Bay and shows a
sedimentation rate of 1.3mm/y for the upper 5cm.
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Figure 4.22: Concentrations ofmCo and'a9-240Puin sediment profiles from Stepogovo Fjord, Step-II-1994.
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Figure 4.23 Sequential extraction of9OSrand 137Cs in sediments from Stepogovo Fjord, Step-II-1994.

29

70000 80000 90000

one of the sediment sub-samples (Picture). Gamma
radiation from 60Co (50 Bq) was obtained, and based on
X-ray microanalysis, the particle surface reflected the
presence of Fe, Ni, Co, Cr and traces of Mn. Radioactive
particles having the same element composition
including 60Co, have previously been identified as
corrosion products from the primary coolant systems of
nuclear powered reactors in American submarines
(Best, 1970).

Abrosimov Fjord
According to the White Book No. 3 [1993], 3 reactors
with spent fuel, 3 reactors without spent fuel, several
vessels, barges and numerous sontainers have been
dumped in the Abrosimov Fjord.
Hydrology
Based on temperature and salinity profiles (Figure 4.24)
a very thin low salinity surface layer could be observed.
Compared with the Tsivolky Fjord and the Novaya
Zemlya Trough, the deeper layer in Abrosimov Fjord
seems to be more influenced by water from the Barents
sea.

Sequental extraction of contaminated surface sediment
demonstrated that li; Cs was strongly fixed to sediment
components, while 90Sr was rather mobile [Borretzen et
al., 1995). Thus 90Sr, may mobilize from the contaminated sediment (potential source), while a transfer of
1i7
Cs to the water should primarily occur through
resuspension (Fig.
4.23).
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Radioactive particles, in sediments from the Stepovogo Fjord
Light microscopy revealed that particles containing'"Co were
incoporated in clay material (upper). Subsamples mounted on
stubs were further analysed by scanning electron microscopy and
x-ray microanalysis. Only one subsample contained ""Co and
based on back scattered electrons a corroded particle (about
10x20pm) containing Co, Fe, Mn, and Cr could be identified
(bright area, lower) among light element particles.
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Figure 4.24: Typical salinity and temperature profiles from
Abrosimov fjord.
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ABROSIMOV FJORD
Water, bottom sediments and soil samling points location

utf.

BOTTOM SEDIMENTS:
• stations for the bottom sediments radioactive contaminantion
general mapping
• stations near located dumped objects
WATER:
sea water samling together with bottom sediments sampling
river water sampling
* soil sampling
DUMPED OBJECTS LOCATED DURING THE JOINT EXPEDITION
• R.comp 1,2-2 nuclear submarine reactor compartments both
with spent fuel
• R.comp 3 Nuclear submarine reactor compartment,
without spent fuel
• Ship 3 Barge with 2 large cylindrical containers on deck
• Ship 1 Barge
A Ship 2 Barge
IA Radioactive waste in steel containers

in near bottom water close to the dumped objects in
the inner part of the fjord (Station I and Ship-3) were
slightly higher than water collected in the outer part of
the fjord (Station II, Station III and Station IV).
The concentration of 90Sr varied within the range 2-3
Bq/m3 for surface and near bottom water. In general,
the levels of 90Sr in the Abrosimov fjord are slightly lower
that those found in the open Kara Sea. The vertical
profile showed no increase in 90Sr concentration with
depth.
The concentration of 239'24OPu varied within the range of
3.5-7 mBq/m 3 . Except at the station close to Ship-3 a
slightly increase in the Pu-levels with dept were
observed. 238Pu at levels 1.4 ± 0.4 mBq/m 3 in surface
water and 1.8±0.4 mBq/m 3 in bottom water were
observed close to Ship-3. At the other stations the
concentration of 238Pu was below the detection limit of 1
mBq/m 3 .
241

Am was observed in sea water from station I, II and III.
The levels were slightly higher than those obtained
from the open Kara Sea and Stepovogo Fjord (0.6-7.7
mBq/m 3 ). The highest level was found to be 74 mBq/m 3
in surface water at Station II.

Figure 4.25: Map of the sampling stations and dumping sites
in Abrosimov Fjord.

The 90Sr/137Cs ratio is very similar to the ratios obtained
in the southern part of the open Kara Sea, where the
input of 90Sr from river water is insignificant (Tab. 4.6).

The transport of Argos drifters along the coast of
Novaya Zemlya can be explained by a rather fast
movement of water from the Barents Sea continuing
northwards along the east coast of Novaya Zemlya.

Concentration of radionuclides in sediments
In addition to sampling close to the located dumped
objects, surface sediments representing the fjord area
were collected (Fig. 4.25).

Concentration of radionuclides in sea water
Concentrations of 134Cs, 137Cs, 90Sr, "«2"0Pu and 241Am in
sea water at different stations and depths are summarised in Table 4.5. The location of sampling sites are given
in Figure 4.25.

Concentrations of 137Cs, 60Co, 90Sr, 23924OPU and 238Pu in
sediment samples are given in the Figures 4.26-4.33.

The concentration of 137Cs in sea water are generally low
and similar to those in the open Kara Sea. The
concentration varied within a range of 4-7 Bq/m3 for
surface water and 4-9 Bq/m3 for near bottom water. In
general, the highest levels were observed in the near
bottom water at each station. The concentration of 137Cs

Surface sediment samples
The concentrations of 137Cs in surface layer samples
from box corers and samples collected with the ROV
near the Abrosimov Fjord outlet (Stations II, III and IV)
were in the range of 10-50 Bq/kg. The levels are similar
to those obtained in the open Kara Sea. Within the
inner fjord, an increase in 137Cs levels was observed. For
the major part of the fjord, stations 1 -44, the
concentrations of 137Cs varied within 40-60 Bq/kg and

Table 4.5.
Concentrations of':"Cs,
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Inner fjord
Outer fjord

Cs, 90Sr, 23iK2"°Pu and 2"'Am in sea water collected at different stations and depths in Abrosimov Fjord.

mBq/m?

mBq/m 3

surface

4.2-6.8

0.08*

2.2-3.5

4.4-6.8

12*

bottom

5.5-8.5

0.10*

2.2-3.5

3.5-4.4

10*

surface

4.7-7.0

0.08-0.20

1.9-2.7

3.5-4.2

74*

bottom

4.4-9.4

0.08-0.28

2.0-3.6

3.9-5.1

23-28

" Only one measurment.

Table 4.6.
Activity ratios ofradionuclides in sea waterfrom the Abrosimov Fjord. The ratios are based on mean values of measured
concentrations.

w

Surface
Bottom

Sr/" 7 Cs

0.46
0.40

M

Cs/137Cs

m24

°Pu/MSr

1.9

0.025
0.023

1.6

0.5-3 Bq/kg for 60Co. Levels of 238Pu, 23'-240Pu and 24iAm
varied within 0.02-18 Bq/kg. The highest levels of
plutonium and americium were found in surface
sediments sampled by ROV at Station IA. However, local
variations in the activity levels of the radionuclides were
observed. Close to the localised dumped containers,
barges and reactor compartments the concentrations of
137
Cs, 60Co, 90Sr and 239-24°Pu in sediments were
significantly enhanced.
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Figure 4.26: Variation in 13?Cs concentration in different
surface sediment samples at st.IA.
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7

2000

(41 Bq/kg) and 90Sr (8900 Bq/kg) were enhanced
especially in areas with dumped containers (Station IA).
The vertical distribution of 154Eu was similar to that of
60
Co (Fig. 4.28, 4.29).

1500

As can be seen from the Figures 4.27-4.33 there is no
systematical trend in the distribution of radionuclides in
the vertical profile.

1000
•O

500

Stable Cs

Maximum activities for 137Cs (30000 Bq/kg) and 60Co
(180 Bq/kg) were observed in sediments from Station IA
at a depth of 3-10 cm. Enhanced levels of 90Sr was also
obtained at Station IA with a maximum of 8900 Bq/kg
in the upper 0-1 cm decreasing to 1850 Bq/kg at a
depth of 7 cm.
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Figure 4.34: Changes in K^for I3'Cs in Kara Sea sedimentwater system during 135 days contact time K^for stable Cs is
indicated.

The concentration of transuranic elements varied within
the range of 1-4 Bq/kg for 239-240Pu and 0.3-6 Bq/kg for
241
Am with highest levels found in the 3-10 cm layers at
Station IA (Fig. 4.28).

The activity levels in surface layer sediments sampled close
to containers (Station IA) and close to the possible dumped
reactors 1 and 2 showed large variations. Concentrations
of 137Cs varied within the range 20-8400 Bq/kg (Fig. 4.26)
and 6°Co within 1-50 Bq/kg, concentrations of wSr varied
within the range 1-3300 Bq/kg with the highest level close
to what are believed to be reactor 2. Large variations for
both 137Cs and 90Sr concentrations in parallel ROV samples
demonstrated in the inhomogenous distribution of
nuclides, due to the presence of radioactive particles.

Sequential extraction demonstrated that 137Cs was
strongly fixed to sediment components, while parts of
the 90Sr was mobile. The mobility of 90Sr increased with
depth in the sediment [B0rretsen et al., 1995].
Distribution coefficient, K^.
Due to the variable concentration in the surface layer of
sediments, K^ was estimated from tracer experiments
using 134Cs+ and 85Sr+2 tracers added to surface sedimentwater system. The interaction between 8SSr in sediments
were negliable. Thus, 90Sr in sediments from the fjords
cannot be explained by sorption of 90Sr-ions released
from waste.

Close to the possible reactor 2, one divided ROV-sample
showed 1200 and 3300 Bq/kg of 137Cs and 90Sr in one
subsample, and 290 and 7 Bq/kg of 137Cs and 90Sr in the
other).
The inhomogeneous distribution of radionuclides in the
sediments may be partly attributed to the presence of
radioactive particles.

The interaction of 134Cs with sediments increased with
contact time, probably reaching the K^ for stable Cs
(Fig. 4.34). K^ obtained for surface sediments from the
open Kara Sea, and Abrosimov fjord is within the range
500-1500 g/ml. The results are in good agreement
with the range obtained by IAEA/MEL in 1995 [IASAP-9,
1996].

Sediment profiles
Sediment profiles were sampled close to the localised
dumped objects and within the fjord area (stations
1-44), and gamma emitters, 90Sr, 238Pu, 239™pu and
241
Am were analysed [Salbu et al., 1995b]. The activity
levels in the upper 0-1 cm layer varied within the range
40-50 Bq/kg of 137Cs and 0.5-3.0 of 60Co in most of the
samples. The concentration of 90Sr and transuranic
elements were in general low. However, rather high
concentrations were obtained at the stations close to
dumped objects. The levels of 137Cs (3975Bq/kg), 60Co

Concentration of radionuclides in biota.
Seaweed
Totally 8 samples of Fucus spiralis were collected and
measured for gamma emitters. In general, the
concentration of 137Cs were within the range of
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Table 4.7.
Concentration of':"Cs,

23S

Pu andZ39zmPu

in fish muscles, and90Srin

bones

SPECIES

Bq/kg f.w.
1.4 + 0.2 1)

Bq/kg d.w.
1.04 + 0.1

Bq/kg d.w.
<0.01

Bq/kg d.w.
< 0.008

Sea scorpion

0.6-1.0

0.9 + 1.6

<0.02

<0.01

Arctic char

0.5-2.2

Polar cod

1) One sample

2-3 Bq/kg. However, in one sample enhanced level was
obtained (19 Bq/kg). The concentration of 137Cs in
laminaria digitata (1 sample) was 1.5 Bq/kg. Other
artificial gamma emitting nuclides were not detected.
In general, the concentration of 137Cs in seaweed
collected in the Abrosimov Fjord is slightly lower than
earlier observed for samples collected in the Stepovogo
and Tsivolky Fjords.

objects (Table 4.8). In the Abrosimov Fjord the
contamination was significant in the upper 5 cm (90Sr)
and upper 10 cm (137Cs, 60Co) sediment layer. In the
Stepovogo Fjord enhanced levels of 137Cs, 90Sr, 60Co and
Pu-isotopes were observed in the upper 5 cm of
sediments collected in the close vicinity of the dumped
containers. Radioactive particles including crud particles
were identified and the contamination was
inhomogeneously distributed. 137Cs is strongly fixed to
sediments, while 90Sr is associated with mobile fractions.
Significantly lower levels of 137Cs and 90Sr were observed
at some distance from the localised objects and the
level of radionuclides was similar to that of the open
Kara Sea. Results from 1993 showing enhanced levels of
l37
Cs and 90Sr (factor 5) in bottom waters close to the
submarine and the presence of 60Co and traces of li2Eu
and 154Eu in sediments close to the submarine could not
be confirmed, in 1994.

Fish

Fish samples were collected in the inner part of the
Abrosimov Fjord. Totally 8 samples of polar cod, sea
scorpion and arctic char have been subjected to analysis. Each fish was devided into muscles and bone
which were measured separately for gamma-emitters.
For each fish the bones were homogenised and measured for strontium, and muscles for m240 Pu. The results
are presented in Table 4.7.

In the Tsivolky Fjord traces of 60Co in sediments close to
the dumped vessel could indicate leakage from
dumped waste. No indication of leakages from waste
could be observed from the Novaya Zemlya Trough.

Concentration factors (CF)
Abrosimov Fjord

Polar cod
Arctic char
Sea Scorpion

~

300 I/kg f.w.
100-550 I/kg f.w.
110-200 I/kg f.w.

The concentration of radionuclides in the Kara Sea is
low and significantly lower than in other marine
systems such as Irish Sea, Baltic Sea and North Sea.
Global fallout is the primary source for radionuclides in
the Arctic region. However, signals from previous
discharges from Sellafield and fallout from the
Chernobyl accident are still significant in the Arctic
basins. Signals from river transport are observed in the
north-eastern part of Kara Sea.

Abrosimov, Stepovogo and Tsivolky Fjords
Fucus spiralis/evanescens
300-800 I/kg f.w.
Laminara digita/saccharina
500-1600 I/kg f.w.
The concentration ratios for 90Sr are about the same as
for 137Cs in these samples of brown algae.
4.4

SUMMARY OF THE RESULTS

In the Abrosimov and Stepovogo Fjords enhanced levels
of n7Cs, 90Sr, 60Co and Pu-isotopes were observed in
sediments collected in the close vicinity of the localised

The analytical results allow us to conclude that the
observed detected contamination in the fjords
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Table 4.8: Range of concentrations ofradionuclides (Bq/kg d.w.) in surface-sediments * close to dumped objects investigated in
Abrosimov Fjord and Stepovogo Fjord.
OBJECTS
Abrosimov Fjord
Containers
Containers **
Vessel 1
Vessel 2
Vessel 3
Submarine compartment 1,2
Submarine compartment 3

23-8300
37-31000
46-196
38-120
39-54
33-8445
43-61

4-3540
290-3800
0,3-3
0,3-2

Stepovogo Fjord
Containers
Containers **
Submarine

7-109000
1-7350
4-1670

1-18
3-14
1-2,6
1-1,1
0,7-1

8-3250
0,4-22

3-56
0,4-1 72
1-2,5
0,5-1,5
1-53
1-61
1-11

2-310
0,4-47
0,4-8

< 0,2-3150
0,3-345
< 0,1-6

<0,1-15
0,1-3
< 0,1-6

1,3

1-5

1-1,3

Surface-samples taken with a remote operated vehicle (ROV) and from a box corer including the 0-2 cm upper layers in
profiles.
Range of measured concentrations in total profile-samples.

originates from the dumped containers with radioactive
waste. The underwater video camera revealed that the
walls of the containers have been subjected to severe
corrosion and holes varying in size were observed. It is
likely that holes also were induced during dumping.
Leaching from the dumped reactor compartments is
insignificant compared to that from the containers.
The final conclusion based on radionuclide analysis is
that currently, the contamination originating from the
dumped waste in the Abrosimov and radioactive
Stepovogo Fjords are localized to the close vicinity of
dumped objects. Furthermore, the overall increase in
137
Cs levels in sediments of the Abrosimov Fjord
(approximately 2-4 times higher than in the Kara Sea)
originate from the waste. The low concentrations of
60
Co in sediments also reflect the local contamination.
The impact of the dumped radioactive waste on the
137
Cs and 90Sr contamination of seawater is at present
insignificant.
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5. Assessment of doses

nuclide migration, making allowance for factors such as
temperature, the concentration of a stable analogue of
the radioisotopes, and radionuclide transfer through
food chains.

5.1 DOSE ASSESSMENT BASED ON THE PRESENT
RADIOACTIVE CONTAMINATION

Due to the disposal of radioactive waste in the Arctic
seas, great interest has recently been put on the
assessment of possible consequences of radioactive
contamination of the Arctic region for man and marine
biota. In the present chapter ecological risk assessment
is based on the radioactive contamination of the Kara
and Barents Seas. The assessment of potential risk due
to possible leaks of radionuclides from the radioactive
waste disposal sites are discussed in chapter 5.2.

The radionuclide concentration in components of the
marine ecosystem was evaluated from the basis of
observational data [Vakulovsky et al.,1985; 1993] and
model calculations. Table 5.1 presents the average and
maximum concentrations of 137Cs and90Sr in the sea
water during the period 1961 -1990. The estimated
site-specific factors of radionuclide accumulation in the
marine biota and sediments are given in Table 5.2.

5.1.1 Ecological risk assessment procedure
Ecological risk assessment, as applied to radioactive
contamination of the Arctic seas, includes the following
elements: analysis of sources of contamination,
knowledge about the migration and accumulation of
readionuclides in the marine ecosystem, and an
assessment of the exposure of man and the marine
biota from ionising radiation. The radiation risk to man
and the marine biota should be assessed from two
aspects: «actual» risk due to the observed levels of
contamination of the Arctic seas; and hypothetical risk
associated with possible leaks of radionuclides from the
radioactive waste disposal sites. The emphasis in this
chapter is risk assessment based on the present
contamination of the Arctic Seas.

The internal and external doses to aquatic organisms
were assessed on the basis of experimental and
calculated data on the concentration of radionuclides in
components of the marine ecosystem, making
allowance for properties of the organisms and the
characteristics of the sources of radiation [Woodhead,
1979; Kryshev & Sazykina, 1986]. We considered the
following groups of the organisms: phytoplankton,
zooplankton, invertebrates, macroalgae, fish and
waterfowl.
When assessing the dose and the radiation risk for man,
we took into consideration the following pathways of
exposure to radiation: consumption of fish,
invertebrates and waterfowl; and external irradiation
from water and coastal soil. The risk coefficients were
based on account the recommendations in Publication
60 from the ICRP [ICRP 60, 1990].

The main sources of radioactive contamination of the
Kara and Barents Seas are global fallout of radionuclides, inputs from Siberian rivers, disharges from WestEuropean reprocessing plants with ocean currents,
dumping and leakage of liquid radioactive waste, and
potential leakage of solid radioactive waste. The total
amount of n7Cs that entered the Kara and Barents Seas
during 1961 -1990 is estimated to be 1.4 x 1016Bq, and
that of 90Sr 0.7 x 1016Bq (not including solid radioactive
waste).

5.1.2 Radiation risk for the marine biota
The estimated exposure doses for the organisms in the
Kara and Barents Seas obtained on the basis of
observational data and model calculations of the
concentration of 137Cs and90Sr in components of the
marine ecosystem during 1961-1990 are presented in
Table 5.3. For correct assessment of the radioecological
situation in the Arctic seas it is necessary to compare the
obtained dose assessments with an ecological criterion
for an acceptable level of ecological safety (radiation
risk) for the marine biota. The essence of such a criterion is based on comparison of the dose from artificially
produced radionuclides with the natural background
radiation in a particular habitat of the different
organisms [Kryshev and Sazykina, 1992; 1993; Kryshev,

In order to evaluate the radioactive contamination of
aquatic ecosystems dynamic models of radionuclide
migration were developed. One unique feature of these
models is that they describe the processes of radionuclide migration and accumulation in combination
with the equations of the ecosystem biomass dynamics
[Kryshev & Sazykina, 1986; Alekseev et al., 1992]. The
models enable us to describe the processes of radio-
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1993]. Consequently, we assume that this criterion is
satisfied if the artificial exposure doses for man and
biota Da are lower than the amplitude of the natural
variability Bn of the regional background radiation, i.e.,
Da< Bn. The value of Bn usually varies from 20 % to
100 % of the average natural background radiation.
Table 5.3 shows that for all groups of marine organisms
the additional exposure doses are much lower than the
natural background radiation. The highest dose rate of
internal irradiation from man-made radionuclides is
characteristic for fish (about 20 and 30 nGy/day for the
Barents and Kara Seas, respectively), which is more than
ten times lower than the natural background radiation.
The dose rate of external exposure of benthos to
artificial radionuclides is about 200-300 nGy/day,
which is 14-20 times lower than the respective
component of the background radiation. Note that in
case of liquid radioactive waste dumping and radionuclide leakage from the radioactive waste disposal
sites, the exposure doses of aquatic organisms in some
specific areas could increase substantially. This problem
calls for special consideration.
1961-65

There is a tendency for higher exposure levels for fish
near the Barents Sea coast and in certain areas of the
Novaya Zemlya archipelago. Lower exposure levels are
characteristic of the Greenland Sea and the Barents and
Kara Seas [Vakulovsky et al.,1985; 1993; Kryshev and
Sazykina, 1993].

1966-70

1971-75

1976-80

1981-85

1986-90

Figure 5.1: Dose rate dynamics for two groups of consumers of
fish from the Barens Sea.
the consumption of fish by fishermen and members
of their families who can be regarded as a critical group
of population exposed to radioactive contamination
of the Arctic Seas. Two maxima are observed in the
dose rate dynamics: in 1961-1965 and 1981-1985.
The reason is mentioned above. In this case, even for
the critical group of population, neither «ecological»
criteria (based on the comparison with the natural
background radiation) nor acceptable levels
(regulated by the radiation safety standards) are
exceeded.

Generally, it can be concluded that on average,
exposure doses from man-made radionuclides for
aquatic organisms in the Arctic seas are relatively low.
For plankton the doses do not exceed 0.1 % of the
natural background radiation for plankton, and do not
exceed 10 % for benthos and fish.
5.1.3 Radiation risk for man
The exposure doses for man were assessed on the basis
of experimental data and model calculations of the
content of 137Cs and 90Sr in various components of the
marine biota. Figure 5.1 shows the dose rate dynamics
in two regimes of consumption of fish meat from the
Barents Sea: 30 and 220 kg/year. The former value
characterises the average consumption of fish meat in
the regions of Russia adjacent to the Barents sea
(Murmansk and Arkhangelsk Regions), and the latter

Table 5.4 presents the assessments of the annual risk of
additional exposure of the population as a result of
radioactive contamination of the Arctic seas. According
to these assessments, the levels of radiation risk do not
exceed 8x10~7, which is at least an order of magnitude
lower than the risk from the natural background
radiation and the criteria appled [Kovalev et al.,1991 ].
The main source of risk is from consumption offish. The
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Table 5.1
Radionuclide concentration in Artie Sea water during 1961-1990, Bq/m3
BARENTS SEA

KARA SEA

137Cs

RADIONUCLIDE

17±6 (34)*

27112(60)*

90Sr

12±4(24)*

20±9(40)*

* The maximum activities ofradionuclides in 1963 due to fallout from atmospheric nuclear weapon tests.
Table 5.2
Estimated radionuclide concentration factors in the ecosystem components of the Arctic seas.
ECOSYSTEM COMPONENT

"7Cs

M

Sr

Algae

50±30

5±2

Zooplankton

30±20

2±1

Molluscs*

30±20

10±4

Crustaceans *

3O±2O

2±1

Benthos

30±20

10±4

200±90

10±6

Fish
Waterfowl **

60+40

80±40

Sediments (coastal)

3000±1000

1000+500

Sediments (deep-water)

2000±1000

200±100

' Concentration factors for mollusks and crustaceans are taken from IAEA 1985
• * Concentration factor for wSr is taken from NRCC1982
Table 5.3
Estimated exposure dose rate from 137Cs and 90Srfor biota in the Arctic seas during 1961-1993,10-9 Gy/day
ECOSYSTEM COMPONENT

BARENTS SEA

KARA S EA

NATU RAL BAC KG RO U N D
RADIATION

Internal exposure
Phytoplankton
Zooplankton

0.020±0.007

0.032±0.015

1100±600

0.27±0.09

0.40±0.18

220011600

Crustacea

1.8±0.7

2.8±1.3

350011600

Molluscs

3.3+1.1

5.3±2.4

2700+900

Macroalgae

3.6±1.2

5.8±2.6

240011000

Fish

20+7

32±14

800+200

Waterfowl

14±5

22±10

10001500

0.40±0.12

0.64±0.30

40+20

220±60

340±130

5000+3000

External exposure
Water
Sediments

Table 5.4
The estimated annual doses (Sv) from I37Cs and 90Sr and risk for man resulting from radioactive contamination of the Arctic Seas
(1961-1993)
COMPONENT OF RISK

BARENTS SEA

KARA SEA

(1.4-10)x10 6 Sv

(2.2-16)x10"6Sv

(0.7-5.0)x10 7 a-1

(1.1-8.0)x10- 7 y'

Internal exposure from
Consumption offish
Estimates of risk
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risk from incorporated radionuclides (Internal radiation)
far exceeds the risk from the external sources of exposure.

[Chartier, 1993]. The resulting model structure and
water fluxes were selected taking into account expert
information based on experimental data from the
Barents Sea [Adlandsvik, 1993]. The model structure is
described by Nielsen et al., 1995.

5.1.4 Conclusions
The analysis of the radioecological situation in the
Barents and Kara Seas enables us to make the following
conclusions. During 1961 -1990 the exposure doses for
aquatic organisms were, on average, less than 10 % of
the natural background radiation. There were two
maxima in the time dynamics of the doses to fish; in the
early 1960's and in the 1980's. Additional exposure
doses to the population during that period did not
exceed either the acceptable level nor more rigid
«ecological» criteria based on comparison with the
natural background radiation. The main source of
radiation risk for the human population is consumption
offish.

Figures 5.2 shows the regions used in the marine box
model. Each of the water compartments includes
suspended sediments and water in contact with the
seabed, with compartments of underlying seabed
sediment.
Resuspension of sediment material, and associated
radionuclides, from the surface sediment layer to the
water column is included in the model to account for
the higher suspended sediment loads in shallow coastal
regions. The model also includes the transfers of
radioactivity between the surface sediment layer and
the bottom boundary layer comprising diffusivity
through the pore water and mixing due to bioturbation
modelled as a diffusive process.

In the case of liquid radioactive waste dumping and
radionuclide leakage in the marine environment from
the radioactive waste disposal sites, the radiation risk in
certain specific areas could increase substantially. This
problem calls for further detailed investigation.

Activity from the top surface sediment to lower
sediment layers is taken into account by assuming that
the burial rate is equal to the flux of particles which
settle from the overlying waters. Radioactive decay is
included in all the boxes.

5 . 2 . A PRELIMINARY ASSESSMENT OF POTENTIAL
DOSES TO MAN FROM RADIOACTIVE WASTE
DUMPED IN THE ARCTIC SEA

5 . 2 . 1 . Description of the model
In the present work a box-model is used to simulate the
movement of radioactive material between different
compartments into which the relevant parts of the
environment are subdivided.

The contamination offish, crustaceans and molluscs is
calculated from the radionuclide concentrations in
filtered sea water in the different water regions.
Concentration factors for biological material are used
for this purpose [CEC, 1990].

Box-model analysis assumes instantaneous uniform
mixing within each box with rates of transfer proportional to the inventories of material in the source boxes.
In connection with radiological assessments of
discharges to the marine environment it is often
necessary to cover large distances and long time scales
which may not justify the use of the more complex
models either in terms of cost or accuracy of the results.

Quantitative descriptions of the compartments, rates,
parameters, data on catch of seafood and on the edible
fraction of the marine produce to the human diet are given
in NRPA report [Nielsen,1995] and have got the essential
information from EC 1995, CEC 1990, IAEA 1994.
However, site specific information for the Attic Seas is still
needed to improve the model.

The present model is a combination of two models: 1)
an adjusted version [Nielsen, 1995] of a regional box
model used for radiological assessments in Northwest
European coastal areas [EC 1995], and 2) a larger box
model covering the Arctic Ocean and the North Atlantic
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Figure 5.2. Regions in the Arctic Ocean covered by the box model. The numbers refer to surface water boxes.
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5 . 2 . 2 . Reliability of the model
The reliability of the results from the present model has
been considered from three different points of view.
The first point refers to a comparison made between
observations and model calculations of concentrations
of radioactive tracers in sea water. The second point
compares collective doses calculated using two
different models, and the third point concerns the
quality of the basic data used to build the model.

5 . 2 . 3 . Source terms
The source terms have been selected on the basis of
information from White Book No.3 [1993] and on
information from the Source Term Group from the
IASAP project.
It has been assumed that radioactivity in liquid and solid
reactor waste (LRW and SRW) is dominated by the four
radionuclides: 3H,60Co, 90Srand 137Cs, and that they
occur in equal amounts of activity at the time of
dumping or discharge. For spent nuclear fuel (SNF),
information has been obtained from the IASAP Source
Term Group who are estimating radionuclide-specific
release rates from the dumped reactor compartments.

The regional box model that covers the Northwest
European coastal areas and forms part of the present
model was used for a comparison of the predicted
observations with the observed concentrations of
radionuclides in sea water. The radionuclides were 137Cs,
"Tc and l25Sb discharged from the two European
reprocessing plants, Sellafield in UK and La Hague in
France. An analysis of the predicted-to-observed sea
water concentrations indicated agreement within 10 %
[Nielsen, 1995].

For the spent nuclear waste dumped in the fjords on the
east coast of Novaya Zemlya, a generic model fjord was
used to simulate the recipient environment before
exchange of water with the Western Kara Sea. The LRW
and SRW discharges have thus been assumed to occur
directly into either the Western Kara Sea (box 1) or the
Barents Sea (box 25 and 27) while the SNF discharges
have been assumed to occur either in the fjord or in the
trough of the Kara Sea (box 3).

Present model calculations of collective doses from 137Cs
covering fallout from tests of nuclear weapons in the
atmosphere, fallout from the Chernobyl accident in
1986 and routine discharges from the two reprocessing
plants, Sellafield and La Hague do not indicate significant differences between the present results and
corresponding calculations from the CEC Marina
project [CEC 1990].

Unit releases.

The assessment is based on separate calculations of
instantaneous releases of 1 TBq of radionuclides (no
decay chains are taken into account) in soluble form
into a fjord on the east coast of Novaya Zemlya. Spatial
variation in selected time periodes after the unit relese is
shown in Figure 5.3.

The third point is related to the quality of the 3D World
Ocean Circulation Model [Marti, 1992] which was used
to derive the structure and water fluxes for the box
model. The World Ocean model has been used to
calculate the dispersion of a number of tracers with the
simulated steady-state circulation, which were then
compared with in situ data. The agreement was
satisfying and the few limited discrepancies could be
explained [Chartier, 1993]. Therefore this model is
considered useful for the calculating of long-range
dispersion of conservative or semi-conservative tracers
and for providing any water mass fluxes in the World
Ocean. Following an expert review [Adlandsvik, 1993]
of the fluxes given by the World Ocean circulation
Model, our model has been modified to take into
account in situ observations of currents in the Arctic
Ocean.

Two release scenarios.

The liquid and solid radioactive waste is assumed to be
instantly available in soluble form for dispersion at the
time of discharge. Two release scenarios have been
adopted for the spent nuclear fuel. These are based on
preliminary release rates from the dumped reactor
compartment of the icebreaker Lenin estimated by the
IASAP Source Term Group.
One scenario (1) represents a worst-case calculation
and assumes release of radionuclides from the nuclear
fuel to the sea water, and ignores possible containment.
The rate of release is thus determined by the corrosion
of the fuel by the sea water. The other scenario (2) is a
more probable one which does take into account
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Table 5.5.
Total integrated releases (TBq) of liquid and solid radioactive waste and spent nuclear fuel (TBq) into the Kara and Barents Seas
as assumed in the calculations for two scenarios.
NUCLIDES

LRW+SRW

SNF1

SNF2

TOTAL SCENARIO1

TOTAL SCENARIO2

(WORST CASE)

(PROBABLE CASE)

H-3

363

Co-60

363

113
179

0.2

179

0.2

363

2180

271

2543

634

0.001

0.001

0.001

0.001

2366

318

2729

681

Pu-239

11

10

11

10

Am-241

9

8

9

8

4858

607

6309

2058

Ni-63
Sr-90
1-129
Cs-1 37

Total

363

1451

0.0001

363

363

476

363

Table 5.6.
Collective doses in different regions for each radionuclidefrom discharges of unit activity (1 TBq) into a generic fjord located on the
east coast ofNovaya Zemlya. The doses are given as percent of the dose from the dominating pathway. Total doses are given in
mansieverts.
REGION (BOX NO.)
Barents Sea (25+27)
Norwegian Sea (32)

66%
11%

60%
16%

Denmark Strait (35)

4%

Faroe Channel (38)

2%

Labrador Sea (43)

30%
11%

53%
11%

10%
5%

54%
11%

3%
2%

1%
2%

4%

4%

5%

2%

5%

1%

1%

1%

4%

3%

3%

3%

1%

1%

4%

2%

8%

6%

5%

7%

15%

33%

North American Basin (45)

0.3%

0.1%

2%

1%

3%

1%

8%

11%

Sargasso Sea (51)

0.1%

0.02%

2%

1%

2%

1%

3%

4%

1%

0.2%

8%

3%

9%

4%

6%

6%

0.1%

0.004%

8%

1%

40%

1%

38%

19%
0.3%

Cap Verde Basin (53)
Other Oceans (59)
Scottish Waters West (61)
French Continental Shelf (87)

1%

1%

2%

2%

2%

2%

1%

0.1%

0.1%

0.3%

0.2%

0.2%

0.2%

4%

8%

1%

0.2%

0.02%

North Sea Central (107)

1%

0.1%

1%

1%

1%

North Sea North (111)

1%

0.4%

2%

2%

2%

2%

0.4%

0.1%

Collective dose (manSv)

3E-08

5E-05

3E-O5

1E-04

4E-02

3E-O3

3E-02

1E-03

Fish

Fish

Fish

Fish

Fish

Fish

Mollusc

Mollusc

Dominating pathway

Table 5.7.
Collective doses (manSv, rounded) calculated to 1000 years for the two release scenarios.
NUCLIDE

SCENARIO 1, WORST CASE

SCENARIO 2, PROBABLE CASE

(MANSV)

(%)

(MANSV)

(%)

Cs-137

7.9

87

2.3

73

Co-60

0.47

5

0.46

15

Sr-90

0.39

4

0.11

3

Pu-239

0.28

3

0.26

8

Am-241

0.01

0.1

0.01

0.2

Ni-63

0.005

0.05

5E-06

0.0001

1-129

2E-05

0.0003

2E-05

0.0006

H-3

2E-05

0.0002

2E-05

0.0005

Total

9.1

100

3.2

100
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various containment barriers, and thus allows for
further decay of the shorter-lived radionuclides prior to
release into sea water. The scenario furthermore
includes an assumption of a massive event occurring
about 100 years after dumping, leading to a
significantly higher release of radionuclides to the
environment. Scenarios are developed as functions of
time. The total amounts of radionuclides released as
assumed in the calculations are shown in Table 5.5.
5 . 2 . 4 . Results
Doses from discharges of unit activity.
The results of the unit discharges of 1 TBq for the
radionuclides 3H,60Co, 90Sr, m Cs, 259Pu are summarised
in Table 5.6, which lists the relative collective doses in
different regions. The Table also gives the absolute
values of the collective doses integrated to 1000 years
and indicates the dominating pathways of exposure.

Cs.year'2

For 'H, 60Co, 90Sr and 1S7Cs the relative geographical
dose distributions are quite similar and consumption of
fish is the dominating pathway of exposure. For the
longer-lived nuclides 6JNi, 1291,2"Pu and 241Am the
relative geographical dose distributions are different,
and give rise to collective doses in regions far from the
Arctic waters. The collective dose per unit discharge is
highest for the nuclides l29l and 239Pu and lowest for ! H.
Ingestion of fish is the dominating pathway of exposure
for all the nuclides except 2!9Pu and 2"'Am where the
collective dose is dominated by the consumption of
molluscs.

Cs,ycar5

* -

f

Dispersion of the radionuclides "'Cs and 259Pu in the
Arctic Sea is shown in the Figures 5.3 as functions of
time.
Doses from two release scenarios.
The results of the calculations are shown in Table 5.7,
which gives the collective doses for each radionuclide
and the total collective doses for the two release
scenarios.

Cs, year 50

The total collective dose for Scenario 1 is calculated to
about 9 manSv dominated by the contribution from
'"Cs (about 90 %). The total collective dose for
Scenario 2 is calculated to about 3 manSv also
dominated by the contribution from 137Cs (about
70 %).

Fig. 5.3 Concentration levels (darkest highest) of"7Cs in
different marine areas 2,5 anf50year after a unit release
(ITBq) in a fiord at Novaya Zemlya.
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1 OOE+OO

1 OOE-O2

>1 OOE-04

1
1

1 00E-06

1 OOE-08

1 0OE-1O

950

1970

1990

2010

2030

YEAR

Pu.year 10

. . .

H-3

. -SR-90

HJ-239

CO-60

- - 1-129

AM-241

-NI-63

CS-137

Figure 5.4. Collective dose rates for Scenario 1 (worst case)
showing the contributions from the different radionuclides.

1.00 E-11
350

2000

2050

2100

YEAR

Pu.year 150
. . .

H-3

. -SR-90

. PU-239

CO-60

- - 1-129

-AM-241

. NI-63

CS-137

Figure 5.5. Collective dose rates for Scenario 2 (probable
case) showing the contributions from the different
radionuclides.
The collective dose rates for the two scenarios are
shown in Figure 5.4 and Figure 5.5. For Scenario 1 the
total collective dose rate peaks at about 0.3 manSv per
year and at about 0.1 manSv per year for Scenario 2.
For both scenarios '"Cs and 60Co are seen to dominate
the peak collective dose rate, while the long-lived
transuranics 2S9Pu and 24lAm dominate the collective
dose rates with longer time scales. However, site
spesific information on processes and dynamics for the
Artie Seas will improve the uncertainties of predicting
model.

Pu, year300
Fig. 5.3 Concentration levels (darkest highest) ofPu in
different marine areas 10, 150 anf 300 year after a unit
release.
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5 . 2 . 5 . Conclusions
A box model for the dispersion of radionuclides in the
marine environment has been constructed, covering
the Arctic Ocean and the North Atlantic Ocean. The
model is based on updated information on water
mixing in European coastal waters, and the
hydrodynamical data used in the model for the Arctic
Ocean and North Atlantic Ocean are derived from a
3-dimensional World Ocean circulation model. A
limited comparison of the model predictions of
conservative radionuclide sea water concentrations
with annual averages of measured data in European
coastal waters indicates agreement within 10 %. The
model includes the transfer of radionuclides to seabed
sediments.
Collective doses (calculated to 1000 years) are about
9 manSv for the worst-case scenario and a value of
about 3 manSvforthe second scenario. In both cases
137
Cs is the radionuclide predicted to dominate both the
collective doses and the peak collective dose rates,
which are about 0.3 manSv per year for Scenario 1 and
about 0.1 manSv peryearfor Scenario 2.
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
H7
Cs to the Kara Sea is more than one order of
magnitude lower (3 manSv PBq-1) than the
radiological sensitivity of discharges of 137Cs to the Irish
Sea (50 manSv PBq-1). The main reason for this
difference is the low productivity of seafood for human
consumption in the Polar waters compared with the
productivity in the European coastal waters.
Improved quality of the input data, validation and
verification of the model, taking into account the
extreme environmental conditions in the Arctic area,
will increase the accuracy of the preliminary assessment
of doses to man from radionuclides distributed in the
Arctic Sea.

48

6. Summary and conclusions
Enhanced levels of artificially produced radionuclides in
sediments collected in the very close vicinity of almost
all localised dumped objects demonstrate that leakages
occur.
The highest contamination of 137Cs, 60Co, 90Sr, and
239,2<«>pu j so b s e r v e c j j n sediments collected close to
dumped containers in the Abrosimov and Stepovogo
Fjords. The inhomogeneous distribution of
radionuclides in the sediments may partly be attributed
to the presence of radioactive particles. The level of
contamination is less pronounced close to the localised
vessels and reactor compartments. Indications of
leakage from the submarine No 601 in the Stepovogo
Fjord observed in 1993 could not be verified in 1994 as
only enhanced level of 60Co could be observed. In the
Tsivolky Fjord traces of 60Co may indicate leakages.
The levels of radionuclides in the waters, sediments and
biota in the open Kara Sea can be attributed to fallout
from the atmospheric nuclear weapon tests, marine
transport of effluents from European reprocessing
plants, especially Sellafield, UK, marine transport of
fallout from the Chernobyl accident and transport by
the rivers Ob and Yenisey. No contribution from
dumped radioactive waste can be observed.
The level of radionuclides in waters, sediments, and
biota in the Kara Sea is very low when compared to
other marine systems e.g. Irish Sea, Baltic Sea and
North Sea. Therefore the radiation doses from the
present level of contamination are negligible.
Preliminary assessments of the total releases from
dumped nuclear waste indicate a collective dose to the
world population less than 50 manSv which represents
an insignificant increase in risk of health consequences.
Due to the potential for leakage from the dumped
waste in the future and the presence of other potential
sources in the area, a regular monitoring programme
will be needed.
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7. Recommendations
A number of potential sources, including dumped
fuelled reactors, have been identified in the Arctic
region. Due to future potential releases from these
sources and the need for documentation of the actual
levels, monitoring programme for the Arctic Seas is
needed. The aim of the programme should be to
monitor the radioactivity levels close to identified
sources, such as dumping sites and nuclear waste
storage sites, and to obtain information on radioactivity
levels and trends in selected areas.
Risk and impact assessment should be improved by
further development of existing models. One should
especially take into consideration Arctic conditions of
importance to key processes such as 1) sediment-water
interaction of relevant radionuclides and 2) uptake of
radionuclides and transfer of radionuclides in different
nutrition pathways. The box-model should also be
improved by including river input, sediment transport
by ice and fish migration.
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