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 The Project “Nuclear Problems, Risk 
Perceptions of, and Societal Responses to, 
Nuclear Waste in the Barents Region”
- an Acknowledgement

Since the late eighties, CERUM has developed research with a focus on
the shaping of and development within the Barents Region. Two spe-
cific features have characterised this research. First of all our ambition
has been to develop research projects in close collaboration with inter-
national and especially Russian researchers. This has materialised as an
exchange of researchers at conferences both in Sweden and in Russia.
Secondly, our view has been that the Barents region must be analysed
by researchers that represent a broad set of competences. Especially our
ambition is to develop a deeper and more integrated collaboration
between researchers from social sciences and arts on one hand and nat-
ural sciences on the other.

With the Swedish Board for Civil Emergency Preparedness (ÖCB)
as the main finacier, CERUM has for a couple of years developed re-
search within the project “Nuclear Problems, Risks Perceptions of, and
Social Responses to, Nuclear Waste in the Barents Region”.

This report is produced within the afore-mentioned project. The
project deals with vulnerability as a response to the latent security ques-
tions associated with the existence of nuclear power and nuclear waste
in the Barents region. Clearly there is within the project a large scoop
for an analysis with its roots in natural sciences of the size and disper-
sion of various types of waste from the region. The project also has pro-
duced a set of such papers. Those papers raise questions that immedi-
ately lead to other papers and a discussion with its roots in social sci-
ences, of civil emergency preparedness in a broad and spatially delim-
ited sense as well as a discussion of the need for an enlarged concept of
safety. The pattern of spatial risk dispersion, which in this case not halts
at the national borders, and the associated construction of governance
in the Barents region also imply that trans-border negotiation, conflict,
and cooperation become key words in the discourse.

Gösta Weissglas Lars Westin
Project leader Director of CERUM
3
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Abstract

The precarious condition of several radioactive sources, and the aggra-
vating situation with regard to how waste is accumulating without ade-
quate storage and maintenance capacity on and along the Kola Penin-
sula have lately become recognised world-wide. Several major prob-
lems are related to the military sources, albeit those of a civil origin
definitely also need consideration. The Kola-Barents region of the Rus-
sian Arctic exceeds, for example, all other regions and countries in the
world regarding the concentration and number of nuclear reactors.

One important environmental research issues for the Kola Peninsula
as well as for northern Europe appears thus to be assessment of possible
consequences after hypothetical accidents at such radioactive sources.
Analyses of that kind are the main theme for the present project: ‘Radi-
oactive sources on the Kola Peninsula: a radiological sensitivity analysis
of potential cases of airborne accidental release’ of the ÖCB research
programme ‘Risk and Nuclear Waste: nuclear problems, risk percep-
tions of, and societal responses to nuclear waste in the Barents region’.
It is a progress report for the first year of the project, it has been focused
on “modelling of episodes of atmospheric transport and deposition
from hypothetical nuclear accidents on the Kola Peninsula. The report
includes the results of modelling of atmospheric transport and deposi-
tion from potential accidents at the nuclear sites at the Kola Peninsula
for meso- and regional scales. Several scenarios of airborne accidental
releases are considered. Additionally, for this period an overview of pop-
ulation distribution and preliminary results of radiological effects to the
population of the Barents / Scandinavian region.

Responsible organization Initiator or sponsoring organization
Defence Research Establishment
Division of NBC Defence
SE-901 82 Umeå

FOA, ÖCB

Project manager Scientifically and technically responsible
Lars Rejnus Ronny Bergman

Date of issue Project No.
August 2000 E 479

Project name Keywords
Radioactive fallout Radioactive, risk, source, Kola, release, airborne
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Sammanfattning

Den bekymmersamma situationen med avseende på hur radioaktivt
avfall ackumuleras på Kolahalvön utan godtagbar kapacitet för under-
håll och förvar har på senare tid uppmärksammats världen över. Flera
av de stora problemen är förknippade med radioaktiva källor inom den
militära sektorn, men de med civilt ursprung behöver också beaktas.

En viktig miljöfråga för Kolahalvön såväl som för norra Europa i
övrigt är möjliga konsekvenser (radioaktiv förorening av miljö och livs-
medelsråvaror samt hälsorisker) ifall en olycka vid en sådan radioaktiv
källa skulle leda till luftburna utsläpp. Beskrivning och redovisning av
sådana analyser är huvudsyftet med denna slutrapport för projekt: ‘Ra-
dioactive sources on the Kola Peninsula: A radiological sensitivity anal-
ysis of potential cases of airborne accidental release’ som utgör del av
ÖCB: s forskningsprogram ‘Risk and Nuclear Waste: nuclear problems,
risk perceptions of, and societal responses to nuclear waste in the Bar-
ents region’. Rapporten beskriver resultaten från simulering av episoder
med atmosfärisk transport och radioaktiv deposition vid hypotetiska
kärnolyckor på Kolahalvön, och inkluderar beläggningsbilder för flera
scenarier på meso- och regional skala. Dessutom anges översiktliga dos-
beräkningar baserade på befolkningsfördelningarna i Barentsregionen
och de Skandinaviska länderna.

Ansvarig organisation Uppdragsgivare
Försvarets forskningsanstalt
Avdelningen för NBC-skydd
901 82 Umeå

FOA, ÖCB

Projektansvarig Fackansvarig
Lars Rejnus Ronny Bergman

Dokumentets datum Uppdragsnummer
Augusti 2000 E 479

Projektnamn Nyckelord
Radioaktivt nedfall Radioaktiv, risk, källa, Kola, utsläpp, luftburen
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Introduction

The Kola-Barents region of Russian Arctic exceeds all other regions
and countries in the world regarding concentration and number of
nuclear reactors. There are about 180 operating nuclear reactors, 135
reactors to be decommissioned, and over 10 storage areas for nuclear
waste (RW) and spent nuclear fuel (SNF). The total dumping of
nuclear waste into the Barents and Kara seas comprises approximately
two thirds of all dumping in the seas.

One of the most important environmental research issues for the
Kola Peninsula as well as for northern Europe is assessment of possible
consequences after hypothetical accidents at the Kola nuclear units. We
have initiated studies focused on these aspects within the framework of
the FOA, NBC-Defence, Umea and Kola Science Centre’s (KSC)
projects and the pilot Kola Assessment Study (KAS) of the IIASA Radi-
ation Safety of the Biosphere project (IIASA 1996). Besides, as a part of
the CMF project ‘Numerical modelling of atmospheric flow, dispersion
and deposition over a complex terrain’, the Division of Environmental
and Protection at FOA has taken part in developing 3D local- and
meso-scale models of air dynamics and pollution transport over a com-
plex terrain (Naslund et al. 1993, Baklanov et al. 1996). This project
constitutes a logical continuation of IIASA’s KAS study and the KSC’s
project ‘Modelling of potential environmental consequences from radi-
ation risk units in European Arctic’ by including radioecological and
radiological aspects in modelling and consequence analyses of radioac-
tive deposition in different environments, according to results from
studies at the FOA Radiation Research Division (Bergman et al. 1993,
1994, 1995).

Much new information about radioactive waste, burial sites and nu-
clear installations in the Kola-Barents region has recently become at-
tainable through various radiation research programs. In the KAS over-
view (IIASA 1996) regarding known or potential radioactive releases
and associated radiological consequences we have assigned priorities on
research issues needing further analysis.

Issues of high priority, according to the KAS study at IIASA (IIASA
1996) belong to either of two main categories of risk regarding radio-
logical consequences: I) those for which release is known to have oc-
curred or for which a significant probability for release has been confi-
dently estimated, and II) those expected to constitute a risk for consid-
erable release provided the outcome of further analysis of certain steps
in the event chain. Cases definitely known to belong to a “high risk”
category, may comprise links needed to be more closely analysed in or-
der to yield a satisfactory basis for the assessment process.

I. Known or probable risk. Among different objects and situations
considered in the Known or probable risk, the Kola nuclear power plant
9
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(NPP) and submarines at refuelling are classified as high risk objects.
The sunken submarine Komsomolets, as well as the radioactive matters
dumped in the Barents and Kara Seas, appear to be associated with rel-
atively low radiological consequences.

II. Potential risk. The known and frequent accidents leading to crit-
icality in reactors on submarines in operation, as well as during refuel-
ling, give evidence of the prevalent risk for future scenarios with high
risk of exposure of nearby populations, particularly to airborne releases.
This accentuates a general concern for the high number of submarines
present along the Kola coast. The final event chain for decommissioned
nuclear submarines leading to complete scrapping involves certain steps
of potential radiological concern. The stages Submarines to be decomis-
sioned and Scrapping of nuclear submarines are identified as two of the
most important cases in the risk category Potential risk. Furthermore,
the subsequent steps dealing with the acute storage problems for nu-
clear fuel, as well as radioactive waste in general also involve potential
high risk.

With this in view, topics of main priorities in radiological studies un-
covered by other projects for continued analysis are listed below.
1. General source-related consequence analyses for significant radioactive

sources present in the Kola-Barents region and description of source-
term characteristics for accident or leakage scenarios involving Air-
borne radioactive release with regard to potential deposition locally
as well as at long distances

nuclear submarines moored in a fjord on the Kola;
storage facilities for spent nuclear fuel and solid radioactive
waste;

2. Specific case studies for accidents on vessels or at land-based nuclear
installations. Analysis by modelling of airborne transport, dispersion
and deposition of accidental releases:

from a reactor at the Kola NPP;
from a nuclear-propulsed vessel under refuelling at the ship-yard
and under normal operation at sea;
during decommissioning and scrapping of nuclear submarines;
after nuclear explosions and hypothetical accidents with nuclear
weapons.

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

4. Probabilistic environmental risk assessments for radioactive sources
and nuclear facilities in the Kola-Barents Region, based on proba-
bilities for different categories of release:

estimation of risk of exposure for populations in the Kola-Bar-
ents region;
source-related assessment of radiological sensitivity depending
on distance, and with regard to demographic features of the
exposed population, and site-specific factors.
10 Modelling of Episodes of Atmospheric Transport and Deposition from Hypothetical...
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This project study purpose is
to assess potential radiological consequences of airborne contamina-
tion from radioactive sources in north-west Russia and impacts on
populations and the environment on several scales: from local- to a
northern European.

Programme of investigations
From the list above on the topics of high priority, we concentrate on
issues relating significant radioactive sources to “sensitivity” in terms of
radiological or radioecological consequences for populations at various
distances (locally, regionally on Kola and NW Europe)

The major items for the study during a three year period will be:
+ Incorporation of a generalised version of the of mixed height equa-

tion and new wind profiles for SBL (Zilitinkevich et al. 1996) in the
FOA-PHOENICS model environment.

+ Calculation of the SBL depth using prognostic equations for SBL,
and k-ε closure employed in the model FOA-PHOENICS. Com-
parison of the calculation results with experimental data.

+ Analysis of the source terms for accidental scenarios at various units
in the region.

+ Development of the model FOA-PHOENICS for simulation of
atmospheric transport and deposition of radionuclides for local-
and meso-scales and its application for hypothetical accidents at the
Kola nuclear reactors.

+ Case studies of airborne radioactive releases and related doses for
sites in a fjord and for the Kola NPP, investigation of relative impor-
tance of input parameters for different scales.

+ Assessment of risk of airborne radioactive contamination from
nuclear units in north-west Russia with using FOA-PHOENICS
model for meso-scale and MATHEW/ADPIC system for regional
scale.

+ Assessment of “sensitivity” of regions and groups of population to
radiation risk units on the base of adjoint equations (Marchuk
1992) and statistical analysis of trajectories.

+ Assessment of potential long-term exposure and dose to the popula-
tion of the Northern areas by the use of sensitivity analysis of
important ecological pathways for transfer of radioactivity over
food-chains to man in boreal and arctic environments.

This report focus on the regional scale modelling of the possible ra-
dioactive contamination, and summarise the results from the work,
supported as sub-project by ÖCB in the broader scope of the current
three year study: Risks and Nuclear waste: Nuclear problems, Risk Percep-
tions of, and Societal Responses to, Nuclear Waste in the Barents Region.

It includes the results of modelling of atmospheric transport and
deposition from potential accidents at the nuclear sites at the Kola Pe-
ninsula for meso- and regional scales for different case scenarios. Addi-
tionally, for this period the results of model development were pre-
sented in two separate papers (Zilitinkevich et al. 1998a, Zilitinkevich et
al. 1998b), an overview of population distribution and preliminary re-
11
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sults of radiological effects to the population of the Barents / Scandina-
vian region – in a working report/conference paper (Baklanov 1998).

For study of probabilistic aspects of atmospheric transport pathways
from Kola nuclear sources we co-operated with the Alaska University
and reported first results separately. Two joint publications, resulted
from the study of atmospheric transport pathways from the Kola nu-
clear power plant, were prepared also with the Alaska University (Jaffe
et al. 1998, Baklanov et al. 1998). In this report we focus on the study
of the possible contamination for worse-episodes/case scenarios.
12 Modelling of Episodes of Atmospheric Transport and Deposition from Hypothetical...
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Methodology

When analysing scenarios of accidental situations it is generally advisa-
ble to proceed from probable climatic fields or to analyse typical and
extreme situations. In most case-studies carried out for regional sources
of radioactive release in this area calculations have been made based on
weather data for real meteorological situations (Polyarnye Zori, 1995,
Thaning & Baklanov 1997, Saltbones et al,1997). Furthermore, analysis
of possible trajectories of transport of radionuclides in the Arctic (the
region of Alaska) from a NPP is currently carried out by the Geophysi-
cal Institute of the University of Alaska (Jaffe et al, 1997a; Mahura et
al, 1996) and the Norwegian Meteorological Institute (Barnitsky &
Saltbones 1997). Both in its potential role as source of release, or as tar-
get for exposure from pollution in the air, the arctic location of the
region subjects it to a significant effect – the accumulation of pollution
in the Polar area – resulting from the characteristic atmospheric circu-
lation in the Arctic. This phenomenon, called ‘Arctic Haze’, has mostly
been in focus when analysing anthropogenic non-radioactive pollut-
ants (Stonehouse, 1986). Influence of this effect on possible transports
and accumulation of radionuclides in the Arctic atmosphere has not
yet been thoroughly considered.

Preliminary results from the calculation of the airflow probability
field from the Kola NPP for the northern Europe during 1991–1995
are presented in the joint pilot study report (Jaffe et al, 1997), based on
isentropic trajectory modelling and cluster analysis of trajectories (Jaffe
et al., 1997b). That study concluded that more than 28% of all forward
trajectories from the Kola NPP reached the Scandinavian region. These
trajectories cross the area roughly 45% of the days during the five-year
period studied, mostly concentrated in summer-spring-fall. Highly
populated regions, Scandinavian and central European part of FSU, are
at the greatest risk in comparison with the Central European region.
Radionuclide transport to the central FSU region can occur in one day,
but averages 2.7 days for those 45% of the cases of the free troposphere
transport affecting the area. To the Scandinavian region it can occur in
0.5 day, but averages 1.2 days with most of occurrences (up to 70%) re-
sulting from the transport in the boundary layer. Transport from the
Kola NPP to the Central European region accounts for about 3% of
trajectories throughout the year, cases mostly concentrated in winter.
The average time of transport is 4.5 days. The probability of direct im-
pact is 8% throughout the year with more than 60% of the transport
within the boundary layer. Roughly 45% of all trajectories follow a
path to the north-west Asia region and Central Arctic. The probability
of direct impact is more than 55%. The average time of transport is 3.4
days, with a minimum of one day and with the free troposphere trans-
port in 73% of the cases.
13



Ronny.book  Page 14  Tuesday, March 5, 2002  1:16 PM
Airborne transport of radionuclides generally gives rise to deposition
patterns that to a high degree reflect the local levels of precipitation –
the higher the precipitation, the higher the resulting deposition. In ac-
cordance with this general behaviour, airborne transport of radionu-
clides from the Chernobyl accident over the Kola region has generated
a radioactive deposition that is strongly related to the local precipitation
in the region (the average level of annual precipitation is 600–800
mm).

An accident at a nuclear risk object could cause large or moderate re-
leases of radioactive matters into the atmosphere and the resulting im-
pact on people and the environment would be largely dependent on the
prevailing weather conditions. Depending on the horizontal scale that
we want to study, the simulation of atmospheric transport, dispersion
and deposition also demands different types of weather and release
data. For the local scale (~10 km), wind structure, stability and infor-
mation about the release, surface, building characteristics and precipi-
tation are clearly the most important parameters. For the meso-scale
(~100 km), it is also important to include topography, differential heat-
ing and cooling etc. For the regional scale (~1000 km), the most impor-
tant is to have a good description of the synoptic evolution in time and
space. The only realistic way is to use real weather data, while for sim-
ulations on local- and meso-scales it is often justified to use modelled
weather conditions. Therefore, for calculations intended to cover both
adjacent and distant areas to the point of release, several different mod-
els for local-, meso- and regional scales need to be used.

Local and meso scale models
A 3D local- and meso-scale model of air dynamics and pollution trans-
port over a complex terrain (Baklanov, Burman & Näslund, 1996) has
been developed based on the Computer Fluid Dynamic (CFD) soft-
ware of PHOENICS (Spalding, 1981). This system includes a numeri-
cal meso-meteorological model and an Eulerian model for transport,
diffusion and deposition of pollutants. For model-ling of situations
with large temperature contrasts after an accidental release, the approx-
imation of free convection (∆T<<T) might be insufficient, and a com-
pressible atmosphere has to be assumed. This model is developed and
applied for the simulation of the atmospheric transport and deposition
of radionuclides on the local- and meso-scale.

Besides, INEP’s 3D model was used for local scale in previous simu-
lations for the Kola NPP (Baklanov et al. 1994). This system, developed
by the Institute of Northern Ecological Problems (INEP) at the Kola
Science Centre and the Computer Centre of the Siberian Division of
RAS, includes a numerical meso-meteorological model over a complex
terrain (Aloyan and Baklanov, 1985) and an Eulerian model for trans-
port, diffusion and deposition of multicomponent radioactive pollut-
ants (Baklanov et al., 1994). The model has been verified for the Cher-
nobyl area against the data from the Chernobyl accident (Morozov,
1992) and has been included by the INTERATOMENERGO expert
group (Moscow) in the new version of the state normative document
‘Methods of calculation of dispersion of radioactive matter in the envi-
14 Modelling of Episodes of Atmospheric Transport and Deposition from Hypothetical...
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ronment and radiation doses for population’ as an expert model of the
third level for regions with complex geographical conditions (Inter-
Atom, 1992).

Regional scale models
For the simulation on the regional scale at the first stage, the
MATHEW/ADPIC model has been used (Thaning & Baklanov 1997,
Bergman et al. 1998). MATHEW/ADPIC was developed at the Law-
rence Livermore National Laboratory (LLNL), USA (Sherman, 1978,
Lange, 1978, Foster, 1992) and has been adjusted at the Swedish De-
fence Research Establishment (FOA) for the FOA-environment (e.g.
Thaning & Näslund, 1991, Näslund & Holmström, 1993). In ADPIC,
the dispersion is described by a Particle-in-Cell model. The 3D model
wind field, in which the particles are advected, is mass consistent and is
produced by interpolating real wind data from ECMWF into the
MATHEW model grid. The FOA version of the MATHEW/ADPIC
model was compared with the ETEX-1 Fullscale Experiment and
showed good results (Thaning and Johanson, 1995) and was tested for
the Kola NPP.

On this stage we used a new FOA Random Displacement model for
long-range atmospheric diffusion (Lindqvist. 1998). The model uses
real weather data taken from the European Centre for Medium-Range
Weather Forecasts (ECMWF), Reading, UK. Movement of the parti-
cles was simulated in a co-ordinate system using latitude and longitude
as the horizontal co-ordinates and a pressure-related η-coordinate as
the vertical co-ordinate (the ECWMF data are given in this system). In
contrast to the ADPIC model, where the ABL height was a constant for
the area, the ABL height for the stable case (SBL) is calculated accord-
ing to Zilitinkevich and Mironov 1996 and for the unstable case – tak-
ing the bulk Richardson number into account (following Robertsson et
al, 1996). The radioactive decay is taken into account in the model
through mother and possible daughter nuclides only during the air-
borne transport for short-living nuclides (like I-131). Decay for depos-
ited to the surface long living-nuclides (like Cs-137) after the transport
simulation time is not included in this version of the model.

The FOA model has been compared with the ETEX-1 Full-scale Ex-
periment, with better results than the MATHEW/ADPIC model
(Lindqvist, 1999). It is also much faster than the MATHEW/ADPIC
model.

Meteorological data and choice of episodes
The results from the calculation of the atmospheric transport pathways
and airflow probability field from the Kola NPP for the northern
Europe during 1991–1995 are presented in (Jaffe et al, 1997). This
report includes the results of modelling of atmospheric transport and
deposition from potential accidents at the nuclear sites at the Kola
Peninsula for meso- and regional scales for different worst-case scenar-
ios/episodes for a certain meteorological situation. For selection of the
case scenarios/weather situations we used different criteria from the
earlier analysed atmospheric transport pathways from the Kola nuclear
15
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reactors for the northern Europe for 1991–1995. The following crite-
ria were used for choice of case scenarios:
1. Direction of transport of an accidental release to the study region:

the Barents Euro-Arctic region, the Nordic countries, the Baltic Sea
region, central European part of Russian Federation;

2. Precipitation factor over the study region during transport of a
release;

3. Stably-stratified atmospheric boundary layer (ABL) and the ABL
height (transport into ABL or in the free troposphere);

4. Short travel time of a release from the Kola to the study region;
5. Larger coverage of the Scandinavian and European territories by the

radioactive plume;
6. Winter and summer / cold and warm seasons.

Using meteorological data from the European Centre for Medium-
Range Weather Forecasts (ECMWF), Reading, UK with 0.75° and 6
hours resolution for the selected real weather situations, the analysis is
based on simulating the transport in air of assumed radioactive releases
and estimating the deposition pattern on local-, meso- and regional
scales. By allowing unit releases to occur simultaneously from a site at a
fjord and at the power plant (and with the same release pro-file in time)
comparisons are made of differences in deposi-tions patterns in and
outside the Kola region. In these case studies, a set of as-sumed release
heights, duration of the re-lease, and par-ticle size distributions are ap-
plied to indicate the depend-ence for the resulting deposition pattern
on these pa-rameters. These sets of values of the parameters are illus-
trated in ?????following table?????.

We focus in this report on case studies of airborne releases from
some of the following sources – primarily nuclear reactors on ice-break-
ers, submarines and the Kola NPP. The purpose with our study is to il-
lustrate, and discuss some features – dependent on meteorological situ-

Case studies of release from a fjord site and the Kola NPP
* Duration of realease

1s, 1h, 6, 24, 48 hours

* Initial plume rise
20, 200, 500 m; 1,2 km

* Particle size distributiona

a.The value refers to the median radius in a log-normal
distribution with geometric standard deviation = 4.

0.3µm, 3µm and 7µm

* Deposition rateb

b.The value refers to a deposition velocity in which the
settling velocity for the particles is excluded. 

1.5 mm/s and 15 mm/s

* Deposition with and without precipitation
* Different radionuclides

Cs-137, I-131, Te-132
16 Modelling of Episodes of Atmospheric Transport and Deposition from Hypothetical...
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ations, site and release characteristics – of the deposition patterns re-
sulting from assumed unit radioactive releases to the atmosphere from a
location at a fjord and from the Kola NPP.

A main motive for this step of the study was to calculate deposition
patterns for a number of important scenarios, first of all at the regional
scale (see the Appendixes), in order to use them in other studies of the
ÖCB project.

We don’t attempt to describe the probability for – and the chain of
events leading to significant radioactive releases. However, based on
previous assessments of the probable upper level of the inventory – pri-
marily of 137Cs in reactor fuel used in submarines (NACC 1995, Guss-
gard 1995) – we scale the deposition derived from our calculation of
unit release to reflect release of 100% of the inventory. The radioactive
deposition at various distances associated with other assumptions about
the fraction released to the environment may thus easily be obtained,
and we discuss the hazards indicated for areas in the vicinity and far
from these sources, as well as illustrate uncertainties involved in gener-
alisations from case studies like this.

The deposition patterns based on unit release from nuclear sites ex-
hibit the range of significant deposition subse-quent to a release under
the specific weather conditions prevailing at a certain date close and far
from the source – and at a deposition velocity of 1.5 mm/s, which is as-
sumed appropriate for the particulate carrier concerning deposition at
relatively long distances in the Chernobyl case (Devell 1991), and sim-
ilar to the standard value of 1 mm/s.

Models for consequence analysis.
Beside the dispersion calculations, an analysis of the risk levels and
possible consequences for the population in the local/meso-scale sce-
nario will be carried out by using the MELCOR Accident Conse-
quence Code System (MACCS), developed by the Sandia National
Laboratory, USA (MACCS, 1992). The use of the third part ‘Chronic’
of the MACCS code for the estimation of the long-term effects for the-
population of Northern areas might be problematic, because in the
model there is no way to correctly describe the specific northern food-
chains, e.g. ‘lichen – reindeer – man’. Therefore, some long-term con-
sequences will be estimated also in a regional-scale by using empirical
models and correlation between fallout and doses for humans, received
by different authors on a basis of investigations of the Chernobyl
effects on Scandinavia (Moberg, ed., 1991; Baarli, ed., 1992; Dahl-
gaard, ed., 1994; Bergman et al., 1995).
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Local- and meso-scale modelling

The calculations and estimations of possible consequences for local
and meso-scale (up to 100 km) have been carried out for two areas of
the Kola Peninsula. The first area around the Kola NPP, used in our
previous simulations (Baklanov et al. 1994, Thaning and Baklanov
1997), has a size 63x63 km2 and includes the central part of the Mur-
mansk region. The second area of the Barents Sea coast (120x80 km2),
used in our present study, includes the main nuclear risk objects of the
Northern Navy with nuclear submarines and spent nuclear fuel facili-
ties, and the Atomflot enterprise in Murmansk with nuclear ice-break-
ers and ships with nuclear waste and spent nuclear fuel. Figure 1
presents the topography of the modelled area.

The wind and turbulence characteristics were calculated by the 3D
meso-meteorological model as functions of time and space for wind di-
rections from the Eastern sector based on the input data from the
Chapter III and topographical characteristic. The calculations of dis-
persion and depo-sition of the released radionuclides were carried out
to 24 hours with the Eulerian dispersion model. For the case studies we
considered model calculations for this scale with variations of two pa-
rameters of the radioactive release: height (from 2 m up to 1700 m) and
duration (from 10 minutes up to 24 hours). Because the main focus of
the study was on the regional scale consequences we include in this re-
port for the local scale only calculations with variations of the height of
release.

Figure 1 The topography of the modelled coast area of the Kola Peninsula.
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The case # 1. Let us simulate a local-scale circulation of atmospheric
flows for the study area typical for the night time: cooled surface, espe-
cially for lower bottom of the Kola fjord valley. The geostrophical wind
is absent for this situation. Figure 2 presents simulations of velocity
fields for night local circulation for the area. The radioactive plume
cooled by the cold surface air came down along slopes to valleys and
hollows. As we can suppose, the transport of a low-height hypothetical
release at the coast zone of the Kola fjord will mainly have a local exten-
sion and streamline the valley of the Kola fjord.

The case # 2. Let us simulate another situation of atmospheric flows
over the area with dominating geostrophical wind from the East to the
West 7 m/s and with low effects of the local thermal circulation. Simu-
lations of velocity fields for this case are presented in Figure 3. Topo-
graphical effects are not very strong for such conditions. Calculations of
atmospheric transport of an accidental release were considered for dif-
ferent variants of the release height: 2.0, 40 100, 400, 700, 1400 m. Be-

Figure 2 Simulated velocity fields for a night local atmospheric circulation for the Kola ford
area.

Figure 3 Simulated velocity fields for the case # 2 and isolines of nuclides concentration in
air in the vertical section E-W for the low release (2 m).
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cause of the calculations of dispersion and deposition of the released ra-
dionuclides were carried out for short period (up to 24 hours), for sim-
plification we supposed that the release time is longer than the time of
simulation. The results of modelling of this situation for unit perma-
nent releases at different heights are presented in figure 4. As we can see
for the local scale, the release height is very important for the resulting
contamination in the area. For the case of low unit release, typical for a
submarine accident, level of deposition and surface concentration of ra-
dionuclides is two order of magnitude higher, than for a similar high al-
titude release (700–1700m), possible for a severe accident at the Kola
NPP (see Figure 4). When a release is above ABL, nuclides are trans-
ported to longer distances and are mainly deposited beyond the model-
ling area.

Figure 4 The results of modelling of the situation #2 for unit permanent releases at different
heights: a - 40 m, b - 400 m, c - 1400 m.
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An analysis of the results for the low altitude release shows that there
are two basic dose maxima: one in the accident area and another at a re-
mote slope of the valley. The first maximum is attributed to the prox-
imity to the accident. The second remote maximum is a result of the
gravitation settling and the topographical effects due to the mountain
slopes and the local circulations.

In case of an accidental release of 1 PBq, the maximal total fallout of
the radionuclides amounts to 80 kBq/m2. During the first day, iodine is
the dominating nuclide whereas at the end of the acute phase, I-131
contributes to the activity on the ground with about 50%, Cs-137 –
with 20% and Cs-134 – with 11%. The deposition near the accident
site depends – to a high degree – on the input parameters of the cloud,
especially on the nuclide content and the height of the lower boundary
of the cloud. E.g. when this height was changed from 180 to 20 m, the
maximal fallout in the Murmansk area increased from 0,11 to 80 kBq/
m2. Also in this area I-131 is dominating; at the end of acute phase it
contributes ~60% of the total fallout, while Cs-137 accounts for ~15%.
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Regional scale modelling

The calculations for regional scale (up to 4000 km) have been carried
out for the European territory with a focus on the regions of Scandina-
via, Finland and Northwest Russia including the Kola Peninsula. The
release parameter variations for the model calculations include the par-
ticle size distribution, site, height and duration of release, wet or dry
deposition.

Several cases of assumed accidental release into the atmosphere have
been simulated and analysed in order to achieve a better understanding
of possible effects on the North European population from radioactive
contamination. The dependence of the resulting deposition pattern
and radiation expo-sure of the populations on certain release character-
istics – i.e. height of release, particle size distribution, time period of re-
lease etc. – has been studied for simulated cases of accidental release
from the Kola NPP and for some accidents involving a nuclear-pro-
pulsed submarine or icebreaker (Bergman et al. 1997).

Most of the case studies, presented in this chapter, calculated by the
new FOA’s random displacement model (Lindqvist, 1999) with a unit
release of long-lived ra-dioactive caesium to indicate the levels of depo-
sition in areas at various distances from the release source in Europe.
Wet deposition has been calibrated to yield a good fit when the model
is applied for calculating the deposition pattern in Europe after the
Chernobyl accident (cf. Lundström 2000).

As we described in the previous chapter, the following 5 episodes of
weather situation /worst-case scenarios/ for our comparative study (5
days calculation for each case) were selected:
1. Case study for the ETEX experiment, October, 1994:

1. Comparison with the ETEX experiment release – 16.00
23.10.94.

2. Case study for a Kola NPP release, start time October 24, 1994
00GMT (Greenwich Meridian Time). In this case we focus on
the sensitivity to the release co-ordinate (1 degree variation of
the start trajectories).

2. Case study for July 06, 1995, 00GMT. Eariler calculations with the
MATHEW/ADPIC models (see the previous report Bergman et al.
1998) are compared with calculations with the new FOA model.

3. Case study for November 01, 1995 OOGMT: Large contamination
of Scandinavia and W. Europe. Calculations were done for different
release heights (20–60m, 200–500m, 1000–1100m, 1900–
2100m).

4. Case study for July 17, 1991 12.00 GMT: Transport to Scandinavia
and the Baltic countries. Calculations were done for release heights
of 450–550m and 200–500m with separate calculations of total
deposition and only wet deposition.
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5. Case study for October 19, 1995 01 UTC: Transport to northern
Scandinavia and to the Baltic Sea region. In this case study earlier
calculations with the MATHEW/ADPIC models were used (Than-
ing & Baklanov 1997).

Case study # 1 October 23, 1994

In Appendix 1 the modelling results (weather data from the ETEX
experiment, October, 1994) are mapped in details. Two variants were
simulated for the case study:

a – comparison with the ETEX experiment release (W. France,
lambda=-2.01, phi = 48.07, release height, H = 8m. Release start –
23.10.94 16.00 GMT; release end – 24.10.94 03.50 GMT.)

b – case study for a Kola NPP release, start time October 24, 1994
00 GMT. In this case we focus on the sensitivity to release co-ordinate
(1 degree variation of four trajectories (see Mahura et al., 1996)).

A – comparison with the ETEX experiment:
Meteorological input data (atmospheric and surface) from the Euro-
pean Centre for Medium-Range Weather Forecasts (ECMWF), Read-
ing, UK with 0.75°resolution for each 6 hours, were used. The ETEX
release (passive tracer/gas SF6) co-ordinates at Western France are
48.07°N, -02.01°E. The release start and end are – 16 GMT, October
23, 1994 up to 03.50 GMT, October 24, 1994. The release height is 8
m.

Calculated concentrations at 2 m height (Bq/m3) at different time
after the start of the unit release (1 Bq) from the ETEX experiment site
are presented in Appendix 1, Figures A1.1-A1.8.

The comparison with the measurement data of the ETEX experi-
ment (Tveten & Mikkelsen 1995, Lindquist 1999) and calculation of
trajectories by isentropic method (Mahura et al, 1999) show a good
correspondence of the modelling results. A comparative analisys for the
ETEX-1 case described in details in (Lindquist, 1999).

B – case study for a Kola NPP release:
The unit release of radioactive caesium (1 Bq) from the Kola NPP-
67.45°N, 32.45°E, which starts 00 GMT, October 23, 1994, took
place during 1 hour, and the height of the primary radioactive plume is
200–500 m or 950–1050m. Horizontal release scale is 100 m (± 50 m
from the site), the median radius of particles is 7.3 mm. The simula-
tion duration is 5 days (120 hours).

Figures A1.9-A1.12 demonstrate calculated concentrations at 2 m
height (Bq/m3) at different time after the start of a unit hypothetical re-
lease (1 Bq) with a height of 200–500m from a nuclear reactor on the
Kola NPP. Figures A1.13-A1.18 present ground-contamination (total
deposition, Bq/m2) at different time after the start of the release.

The radioactive cloud is transported over the Kola Peninsula very
slowly, because of low wind velocity into the boundary layer for this
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meteorological situation. Intensive precipitation in the first day after
the release gives a localisation of maximal deposition of radionuclides
only over the Kola Peninsula. The cloud continues to move to North
East and to the Barents Sea, but concentration of nuclides into the at-
mosphere decreased very fast and considerably. So, for this situation
high ground contamination in the Kola areas is, therefore, mainly due
to wet deposition.

Additionally, it is necessary to say, that the limitation of the meteor-
ological data and correspondingly the calculation area from the North
and East up to 74N, 41E influence modelling results, because there is a
splitting the trajectories from the Kola NPP to the West and to the East
(see: Jaffe et al 1998). Our simulation did not consider possible trans-
port of a part of the release to the West.

To study sensitivity of the deposition pattern to the accident co-or-
dinates, additionally to the Kola NPP release, we considered variation
of the release co-ordinates to 66.45°N, 33.45°E.

Figures A1.19-A1.22 demonstrate calculated concentrations at 2 m
height (Bq/m3) for different time after the start of a unit release (1 Bq)
from a hypothetical nuclear reactor at one degree SE from the Kola
NPP: co-ordinates 66.45°N, 33.45°E. Figures A1.23-A1.28 present
ground contamination (total deposition, Bq/m2) for different time after
the start of this release. The trajectory and deposition pattern were not
dramatically changed in comparison with the Kola NPP release.

Figure A1.29 presents the ground-contamination (total deposition,
Bq/m2) for the same meteorological situation 120 hours after the start
of the unit release at the height 950–1050 m. The deposition level is
about half for this case, due to the release height over the ABL, and the
contaminated area is larger.

Figures A1.30-A1.35 present the dynamics of weather situation in
the region based on weather maps (surface, 850 and 500 hPa) over Eu-
rope at 24–26.10.94 from the Institut für Meteorologie, FU – Berlin.

Case study # 2 for December 28, 1996

In Appendix 2 results of modelling for the case study on December 28,
1996  00 GMT are mapped in details. This episode/case study we ear-
lier simulated by the MATHEW/ADPIC models (see the previous
report (Bergman et al., 1997)), the new calculations for the model
comparison were done by the new model for the same case. Large con-
tamination of Scandinavia and Finland is common for this meteoro-
logical situation.

The calculations were done for different particle size distribution:
median radius of particles – 7µm and 0.3 µm. The unit release (1 Bq)
from the Kola NPP- 67.45°N, 32.45°E, starts December 28, 1996 00
GMT, and takes place during 1 hour, and the height of the primary ra-
dioactive plume is 200–500 m. The remaining input data and condi-
tions are similar to the previous case study.
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Calculated concentrations at 2 m height (Bq/m3) at different time
after the start of a unit hypothetical release (1 Bq) from a nuclear reac-
tor on the Kola Peninsula and for the particles with an median radius of
7µm are presented in Appendix 2 (figures A2.1-A2.7).

Calculated ground-contamination (total deposition, Bq/m2) at dif-
ferent time after the start of the release and for particles size distribu-
tion: median radius of particles 7µ (upper pictures) and 0.3 µm (lower
pictures) are presented in figures A2.8-A2.14 of the Appendix 2.

Figures A2.15-A2.21 present dynamics of the weather situation in
the region based on meteorological satellite images taken by the MET-
5 satellite and weather maps (surface and 500 hPa) for the European
territory on December 28, 1996 – January 02, 1997 from the Institut
für Meteorologie, FU – Berlin.

Figure 5 illustrates respectively the deposition pattern over north-
western Russia and Fenno-Scandia five days after the start of a one-
hour release at a height of 100 m from the Kola NPP. Calculations were
made by the new FOA model (a) and the MATHEW/ADPIC model
(b) for the case study at 28 December 1996. Comparison shows a good
agreement between the modelled deposition patterns. The coincidence
is good both for particles of median radius 0.3 µm and 7µm. 

A relatively high deposition may possibly affect very large areas far
down in European countries according to these case studies – thus in-
dicating a long range for considerable contamination – although the ra-
diological effects due to external exposure seem to be more regionally
confined. However, the experiences from the Chernobyl accident have
led to a better understanding, among other of the efficient uptake and
the persistence of radioactive Cs in food-chains at the boreal latitudes.
This implies – beside the direct radiological aspect – that the deposition
also involves risk for long-term adverse economical effects, e.g. gener-
ally for agricultural production and notably for reindeer herding (Berg-
man 1994). Thus further analyses to elucidate the potential impact are

Figure 5 Calculations by the newFOA model (a) and MATHEW/ADPIC model (b) for the
case study # 2 at 28 December 1996. Ground-contamination of Cs-137 (total
deposition, Bq/m2) 5 days after a unit hypothetical release (1 Bq) from a nuclear
reactor on the Kola Peninsula.
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motivated, in particular a closer study of the probable source strength
in various release scenarios.

Case study # 3 on November 01, 1995

In Appendix 3 the results of modelling for the case study on November
01, 1995 00 GMT are mapped in details. The large contamination of
Scandinavia and Western Europe is common for this meteorological
situation.

The unit radioactive release (1 Bq) starts 95.11.01 00 GMT, and
continues during 1 hour. Remained input data and conditions for the
simulation are similar to the previous cases.

Calculations were done for four different release heights (20–60m,
450–550m, 1000–1100m, 1900–2200m) and for three type of nu-
clides: Cs-137, I-131 and Te-132 with corresponding decay rates.

Calculated concentrations at 2 m height (Bq/m3) and ground-con-
tamination (total deposition, Bq/m2) at different time after the start of
a unit hypothetical release of Cs-137 (1 Bq) from a nuclear reactor on
the Kola Peninsula and for different release heights: 20–60m, 200–
500m, 1000–1100m and 1900–2200m are presented in figures A3.1-
A3.39.

Figures A3.40-A3.50 present the dynamics of the weather situation
in the region based on meteorological satellite images taken by the
MET-5 satellite and weather maps (surface and 500 hPa) over Europe
at 01–05.11.95 from the Institut für Meteorologie, FU – Berlin.

The radioactive plume is transported to the Scandinavian Peninsula
and then southwards to other West European countries: Denmark,
UK, Germany and the Check Republic. During this time a precipita-
tion takes place over the Norwegian coast and central Germany for the
alternatives with release height above 1000 m. The large ground con-
tamination in these areas is, therefore, mainly due to wet deposition.
For a basic scenario of a severe accident at the Kola NPP with a Cs re-
lease of 10 PBq (IIASA 1996) for this case study the average ground
contamination levels in the Scandinavian areas affected by significant
deposition will be about 500–5000 Bq/m2. For a hypothetical subma-
rine accident with a Cs release of about 1 PBq the deposition levels will
be less than 500 Bq/ m2 over main territory of Scandinavia and up to 5
kBq/ m2 over the Kola Peninsula.

Variations of the height of the primary radioactive plume (20–60m,
200–500m, 1000–1100m, 1900–2200m) show a very similar character
of the cloud transport and deposition pattern for the release into the at-
mospheric boundary layer. If the height of the primary radioactive re-
lease is above the atmospheric boundary layer (1000–1100m, 1900–
2200m), the cloud transport and deposition pattern differs in the char-
acter of distribution of the contamination. The maximum of the total
deposition 12 hours after the release start was up to a factor three higher
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for the lowest release (20–60m), and up to 10% higher for the release of
200–500m height than for the release of 1000–1100m height.

Calculations for the unit release (1Bq) of three different nuclides:
Cs-137, I-131 and Te-132 with corresponding decay rates show (Figure
6) slight differences of the total deposition levels during the simulated
period of 5 days: after 114 hours the ground- contamination levels were
34% lower for I-131 and 64% lower for Te-132 than for Cs-137. Be-
cause of the possible big releases of I-131 and Te-132 for hypothetical
accidents at the Kola NPP or vessel reactors (IIASA 1996), significant
doze effects of these nuclides for the acute phase are possible not only
for the Kola Peninsula, but also for large territories of Scandinavia and
the European countries. Due to the long period of decay, contamina-
tion by Cs-137 for our time scale was calculated without taking the de-
cay factor into account.

Case study # 4 for July 17, 1991

In Appendix 4 the modelling results for the case study on July 17,
1991 12.00 GMT are mapped in details. Release transport to Scandi-
navia and the Baltic countries is common for this meteorological situa-
tion. Calculations were done for release heights of 450–550m and
200–500m with separate calculations of total deposition and only the
wet deposition.

The unit release of radioactive caesium (1 Bq) from the Kola NPP-
67.45°N, 32.45°E, which starts July 17, 1991 12.00 GMT, takes place
during 1 hour, and the height of the primary radioactive plume is 200–
500 m or 450–550m. Horizontal release scale is 100 m (± 50 m from
the site), the median radius of particles is 7.3 mm. The simulation du-
ration is 132 hours (i.e. 5½ days).

Calculated concentrations at 2m height (Bq/m3) and ground con-
tamination (the total deposition, Bq/m2) at different time after the start
of a unit hypothetical release (1 Bq) from a nuclear reactor on the Kola

Figure 6 Ground-contamination (total deposition, Bq/ m2) 114 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula: Cs-137 (left), -
I-131 (middle), Te-132 (right).
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Peninsula and for two variants of the release height: 200–500m and
450–550m are presented in the Appendix 4 in Figures A4.1-A4.19.

The radioactive cloud is transported during 6 hours from the Kola
Peninsula to the northern parts of Finland (the Lapland) and Norway
(Finnmark), after 48 hours reaches the central part of Norway and then
(96 hours) moves southwards to Sweden, south Norway and further to
Denmark. After that (114 hours) it is transported out from the Scandi-
navian Peninsula to East-European countries: Poland, Estonia, Latvia,
Lituania, Belarus and Ukraina.

Variations of the height of the primary radioactive plume: 200–500
m or 450–550m show a very similar character of the cloud transport
and deposition pattern, but the maximum of the concentration in the
surface layer for the lower release after 96 hours after the release start
was 25% higher than for the higher release. The total deposition levels
differed only 3% 6 hours after the release start.

Calculated separately the total deposition and only wet deposition,
Bq/m2 132 hours after the start of the unit hypothetical release (1 Bq)
for a release height 450–550 m are presented in the Appendix 4 in Fig-
ures A4.20-A4.21 (total deposition: A 4.20, wet deposition only:
A4.21a, dry deposition only: A4.21b). During this time a precipitation
takes place over the Scandinavian Peninsula and the Baltic region.
Large ground contamination in these areas: over Scandinavia and the
East European countries is, therefore, mainly due to wet deposition (see
Figures A4.20 and 4.21a). Case study 4 has been made with an earlier
version of the model where the contribution from wet deposition to the
total deposition is expected to be somewhat underestimated – thus in-
dicating an even more accentuated dominans for wet deposition in
these regions.

Case study # 5 for October 19, 1995

In Appendix 5 the modelling results for the case study on October 19,
1995 01 GMT are mapped in details. The release is transported to
northern Scandinavia and the Baltic region.

This case highlights the possible consequences of an accident at the
Kola NPP on the regional scale up to 2000 km for a real weather situa-
tion on October 19–24, 1995. For the analysis of the consequences let’s
use calculations of fallout of radionuclides (Cs) based on the
MATHEW/ADPIC model (Thaning & Baklanov, 1997). The release
during 5 hours, which starts 951019 01 GMT, amounts to about 60
PBq of Caesium-137. Approximately 67% is released during the last
hour. The height of the primary radioactive plume is 400–600 m. For
the calculation real meteorological data from the European Centre for
Medium range Weather Forecasts is used.

Calculated air concentrations at the surface layer (Bq/m3) and
ground- contamination (Bq/m2) at different time (during 5 days) after
the start of the hypothetical release (60 PBq) from a nuclear reactor on
the Kola NPP are presented in Appendix 5, Figures A5.1-A5.10.
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The radioactive cloud is transported out over the Atlantic ocean and
then moves around (counter-clockwise) the low pressure system. Dur-
ing this phase there is precipitation going on and the large ground con-
tamination in this area occurs mainly due to wet deposition. When
later on, the cloud is moving towards south-east, the precipitation has
ceased, and consequently the deposition is much smaller until the
cloud reaches the Baltic region where again precipitation takes place.
The resulting contamination pattern emphasises the importance of wet
deposition.

The area with Cs fallout level over 300 kBq/m2 is about 100,000
km2. Under certain wind directions, this level of fallout might cover the
main part of the territory of the Barents region with a population of 1.4
millions. After the Chernobyl accident such a level of contamination
was recorded over a large territory of Europe, in particular over Bella-
rus, northern Ukraina and adjacent parts of Russia. The maximal level
of fallout in the central part of the Kola Peninsula (~350 km2) reaches
300–1400 kBq/m2.
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Consequence analysis

Source strength, potential release and resulting deposition
A conspicious feature in the calculated deposition patterns is the simi-
lar levels of deposition arising in most parts of Northern Europe
exposed to the radioactive release. It is reasonable to expect that the
notable characteristics of relative high deposition at long distances will
prevail also at most other weather conditions. The Chernobyl case and
results from several calculations based on other weather data support
this presumption. However, to analyse the possible radiological conse-
quences of such a release, among other the source-strength of the most
im-portant radioactive nuclides, the fraction of the inventory released
in accidents and the time-course of the release need to be considered.

The table 1 presents the resulting characteristics of contaminated re-
gions for the considered case studies/episodes # 1–5.

Submarines in operation or awaiting decommissioning
Although ship reactor accidents may lead to serious environmental
consequences, some case studies – in principle similar to those per-
formed for accidental releases from nuclear power plants – indicate
that any potential naval rector accident will not be nearly as severe as
the Chernobyl accident (NACC 1995). Some calculations of airborne
transport, deposition and exposure have been made based on an
assumed release of 1 PBq 137Cs (NACC 1995). It is not obvious that
such quantities would actually be released in an accident, even if they

Case study: 
number and 

data

Episode type Transport 
time to the 

Nordic 
countries/ 
Sweden, 
[hours]

Max deposi-
tion/ max level 

for Sweden 
[10—13 Bq/m2]

Contami-
nated 
areas 

>10—15 

Bq/m2 

[105 km2]
#1, 23.10.94 High local contami-

nation
– / – 340 / – 2.5

#2, 28.12.96 Stable stratification 40 / 54 280 / 21 7.0

#3, 01.11.95 Large contaminated 
areas

20 / 32 1100 / 45 15.0

#4, 17.07.91 Fast transport to the 
Nordic countries/
Sweden

3 / 6 6.8 / 6.8 2.1

#5, 19.10.95 Transport to FSU/
the Nordic coun-
tries

4 / 19 370 / 17 5.0

Table 1 General characteristics of contaminated regions for the considered case studies/
episodes.
31



Ronny.book  Page 32  Tuesday, March 5, 2002  1:16 PM
are avail-able in the core, and the relative uncertainty of the release is
estimated to be a factor of ten. The maximum content of 137Cs in a
first and second generation Russian ship reactor is estimated to 5 PBq
(Gussgard 1995), while 10 PBq may be accumulated during operation
of a typical modern ship reactor – i.e. with a power level slightly less
than 200 MW.

Our calculations for unit release in the fjord case indicate that large
areas as far as in southern Scandinavia will obtain deposition of a frac-
tion of the order of 10–13 per m2. This corresponds to a deposition of
100 Bq/m2 per 1 PBq of airborne release of 137Cs in the accident, i.e.
the level used in the NACC (1995) study. The extreme case of a release
of the whole inventory of 137Cs in a modern submarine, i.e. 10 PBq ac-
cording to Gussgard (1995) would give rise to levels of the order of 1
kBq/m2.

On the Kola Peninsula and in the adjacent regions of Norway and
Finland one to two orders of magnitude higher deposition density may
be expected. One PBq of airborne 137Cs release corresponds in our fjord
case to 1–10 kBq/m2 and up to 80 kBq/m2 for the local scale close to
the release site.

The Kola nuclear power plant
Unit release from the Kola nuclear power plant is used for comparisons
with the submarine case, primarily with focus on possible site-related
effects on the deposition pattern locally and regionally. The reactor
core inventory of caesium isotopes in the oldest Unit 1 of the VVER-
440/230 type of the Kola NPP is for 134Cs ca 150 PBq, and 137Cs ca
200 PBq (IIASA 1996), respectively. This is 20–50 times the inventory
in the different generations of submarine reactors. Sce-narios in previ-
ous studies of severe accidents cover a broad range of releases – from
around 3% to about the same fraction as in the Chernobyl case (ca
30%) or even higher (IIASA 1996). A one percent release would corre-
spond to about 1.5 PBq of 134Cs and 2 PBq of 137Cs.

Contamination in food-chains
Radioactive contamination in food-chains often exhibit a considerable
seasonal variation related to when deposition has occurred. Generally,
agricultural systems based mainly on cultivation of grass crops and on
pastures for feeding of animal herds belong to the most sensitive. Early
after deposition milk from dairy cows remaining on pasture exposed to
the radioactive deposition is particularly affected, and if the deposition
contains 131I this nuclide will probably be the radioecologically most
important factor in the early phase after a fallout.

Direct deposition of 131I or 137Cs on pasture and crops at levels fall-
ing below 1 kBq/m2 is not likely to lead to restrictions in normal agri-
cultural practice or formal acceptance for com-mercial use of the food-
products, even in the period during summer when the resulting con-
tamination will attain its maximum.

The concentration in reindeer is high, when feeding during winter
on lichens exposed to fall-out of radioactive caesium (134Cs and 137Cs).
The ratio between activity concentration (Bq/kg) in reindeer meat and
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deposition density (Bq/m2) will be close to 1 (kg/m2) in the latter half
of the first winter season after the fallout (Åhman and Åhman 1994).
This implies contamination about one order of magnitude higher than
concerning direct deposition in the sensitive food-chain over grass-cow-
milk. Intake of radioactive caesium in groups or populations consum-
ing much reindeer meat is therefore expected to be particularly high.
This is accentuated by the persistence and high availability during sev-
eral years over the lichen pathway for 137Cs, as well as the fact that rein-
deer herding is extensive, and constitutes an important factor in the
economies in northern Fenno-Scandia and on the Kola Peninsula.

Assuming a release of 1 PBq of 137Cs in our case study, the levels of
137Cs attained in reindeer meat during winter slaughter are expected to
be of the order of 1 kBq/kg in large parts of the areas affected by depo-
sition on the Kola Peninsula, and one order of magnitude higher still
over somewhat smaller areas ranging several hundreds of kilometres
from the point of release. With other wind directions similar deposition
patterns are likely to occur within the same range from the source, but
over other parts of Fenno-Scandia and Kola.

Effects of demographic characteristics
The concept sensitivity as applied here comprises environmental, as
well as demographic characteristics of the areas that are affected by the
prevailing radioactive contamination, or that potentially may be
exposed due to releases from any of the sources. The Barents Euro-Arc-
tic region (1182.5 th. km2) is not densely populated – 4.5 million
inhabitants (average density of the population is 3.8 per km2), the cit-
ies and settlements are distributed over a the whole territory with a
denser concentration in south and coastal parts. For calculation of pos-
sible radiological consequences for population in the Kola Peninsula
and the adjacent Scandinavian regions it is important to select the fol-
lowing four basic groups of the Kola population (the last three groups
are suitable for the other Nordic regions also):
+ Group 1. Personnel dealing with nuclear risk objects;
+ Group 2. Reindeer breeders and their families;
+ Group 3. Rural population;
+ Group 4. Urban population.

In the Murmansk county covering an area of 144,900 km2 the pop-
ulation was 1,085 million in 1995. More than 92% of the population is
concentrated in 12 cities and 20 urban-type settlements, while the area
covered by the 21 rural districts has less than 90,000 inhabitants. The
average population density is 7.9 per km2, but in the bigger cities – sit-
uated in a narrow stripe from the south to the north along the Mur-
mansk railway, where about 83% of the population lives – the respec-
tive populations on 1 January 1995 (Murman, 1995) are presented in
Figure 7. In this narrow zone the Kola NPP, a number of military air-
bases, ‘Atomflot’, as well as units of the Northern Navy are situated.

In the Murmansk and Severomorsk area the population density is
especially high, with a total population of about 600,000 within a ra-
dius of 20 km. There are present numerous radioactive sources of the
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Northern Navy and Murmansk Shipping Company. Within 30-km ra-
dius around the Kola NPP 32,600 people are living, mainly in the town
of Polyarnye Zori (20,040), and the settlements of Afrikanda (3,290),
Zasheek (1,450), Pinozero (1000), Nivski (1,400), and Upoloksha
(5,400). In addition, the big towns of Apatity, Kandalaksha, Kirovsk
also are situated within the 50-km zone.

The population size (mainly consisting of military staff) is also rela-
tively big in the districts of the Zapadnaya Litsa and Gremikha, where a
main base for nuclear submarines, RW facilities and a service base of
the Navy are stationed. Thus, the town of Zaozerny has about 20,000
inhabitants. In the settlement of Gremikha about 30000 people lived in
80´s, but in recent years the population has decreased to 10,000. A de-
creasing population is a characteristics for the whole Kola Peninsula
since 1991 (IIASA 1996), when mass migration of the population to
the middle of Russia started due to economic reasons, and as an effect
of the ongoing substantial reductions of the military program.

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

The Archipelago of Novaya Zemlya, being the range for nuclear
weapons tests and RW dumping in coastal waters, has no permanent
civil population at present. The small number of the native Nenets
population previously living on the island was deported to Narjanmar
and the Pechora’s tundra (104 families, Nilsen et al. 1994)) due to estab-
lishment of the test range. At present there are 2 military settlements,
where the range staff is living with their families: one (about 4000 in-
habitants) in the Belushja bay, and another near the Matochkin Shar
straight. Furthermore, there is an airport (Rogachinovo), a harbour of
the Northern Navy, and a meteorological station.

Adjacent to the Murmansk county and Karelia, the northern dis-
tricts of Finland, Norway and Sweden have still less population density
(about 1 million inhabitants on 277.8 th. km2 in Nordkalotten, about
3.6 per km2) (Figure 4.3). The county of Finnmark (Norway) with an
area of 48645 km2 had 75975 inhabitants in 1992. Its eastern border is
situated 50–70 km from the bases of nuclear submarines in the Zapad-
naya Litsa and 230 km from the Kola NPP. The biggest towns are
Vadsø, Kirkenes, and Alta. The northern counties of Norway: Troms
and Nordland cover respectively 25958 and 38327 km2 with popula-
tions of 148749 and 240300 in 1992.

The Finnish county of Lapland (59038 km2 with a population of
202433) lies only 105 km from the Kola NPP. The biggest towns are
Rovaniemi, Ivalo, Inari, Sodankyule, and Kemi.

Areas with high population density are vulnerable to radioactive fall-
out due to the number of people involved. Moreover, for certain food-
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chains, discussed above, the transfer to man of radioactive deposition is
particularly effective – e.g. those over reindeer meat or fresh-water fish.
These are expected to be the most important ecological pathways to
consider for groups that might be subjected to exposure markedly ex-
ceeding that of the population as a whole. The main districts of rein-
deer-breeding are the Lovozero and Tuloma districts on the Kola Penin-
sula, the district of Inari – in the Northern Fennoscandia, Pasvik in Sør-
Varanger (Norway), and the western part of Norrbotten (Sweden).
These districts also generally constitute the main living areas for certain
ethnic groups – saami populations – whose economy is to a large extent
based on reindeer-breeding, and for which fresh-water fishing contrib-
utes significantly to the diet. Accordingly, the saami population makes
up one of the most vulnerable groups in the Kola - Barents region to ra-
dioactive contamination of important food-chains.

Lets calculate the total dose to the population of the Scandinavian
region on example of the case study # 5 on October 19, 1995 (see Ap-
pendix 5, Figures A5.1-A5.2).

Total dose to humans is calculated by summing the contributions by
inhalation, external exposure and ingestion. According to the relative
contribution of the pathways for accidents at the reactors VVER 440/
230 (Slaper et al, 1994) the ingestion and external exposure from de-
posited nuclides are the major dose contributing pathways. The two
major dose contributing nuclides are 131II and 137Cs, which to-gether
contribute 60–80% of the total dose. In addition 134Cs contributes ap-
proximately 12–25%; each of the other nuclides contributes less than
5% and all other nuclides together contribute less than 25%.

Figure 7 Urban population distribution of the Murmansk county.
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The possible total dose to man has been calculated (IIASA, 1996b)
based on the these arguments and the above-mentioned results for the
case study # 5. In the zone with levels exceeding 30 kBq/m2 a prelimi-
nary estimation for the situation considered indicates a total dose of 2.1
mSv for adult man (in the general group). By integrating the total radi-
oactive contamination and calculating the doses for the populations for
every county of the Barents region, we obtain the following population
doses (collective dose to the population of Sweden – see Figure 8).

Figure 8 Collective dose to the Swedish population in the case study # 5.

Figure 9 Individual doses for man during the first year in the different counties for the con-
sidered case # 5.
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The collective cancer mortality risk may be estimated assuming a
risk parameter r=0.05 [cases per mansievert]. In the present case the
probable number of total cancer deaths in Sweden associated with the
radioactive deposition is estimated to 11 casualties.

For districts in the southern parts of the Barents region such estima-
tions can only roughly indicate the level of the human risk, because
they don’t take into account some important characteristics of certain
significant food-chains in these Boreal and Arctic vegetation zones, e.g.
particularly efficent retainment of the radioactive deposition in lichens,
and specific consumption patterns. Approximate estimations for dis-
tricts of reindeer-breeding show that (mainly due to high consumption
of rein-deer meat) the total dose in such groups of the population likely
needs to be increased by about a factor of 7–20. The resulting average
individual doses and that for critical groups respectively are illustrated
for dose accumulated during the first year (figure 9) and during 50
years (figure 10).

Figure 10 Individual doses for man during 50 y in the different counties for the considered
case # 5.
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Conclusions

The parameter variations (i.e. particle size distribution, height of
release, duration of release, wet or dry deposition, release site) illustrate
that:
+ Particle size distributions chosen to resemble that found in Western

Europe and Scandinavia after the Chernobyl accident (mean radius
0.3 µm), or of a size distribution with a ten times higher mean (3
µm) yield similar deposition patterns;

+ Predominant radionuclides: Radionuclide composition of the mod-
elled release is an important characteristic for different type of risk
objects and is different for the local and regional scales. For a NPP
release during the first days, radioactive isotopes of iodine domi-
nates in the exposure on the local/meso scale, whereas at the end of
the acute phase 137Cs becomes the dominating component, espe-
cially on the regional scale;

+ Initial plume rise (“release height”) below the mixing height affects
only slightly the results outside the local scale, while plume rise
above that level leads to radically changed patterns with relatively
little depositions on the local and meso-scale ranges;

+ Duration of release, the longer the duration the more extensive the
areas covered by relatively high deposition;

+ Release site. The patterns associated with our cases of release from a
source at the fjord site in comparison to release at the site of the
nuclear power plant, at the same date and time, exhibit clearly a
strong site dependence of rainfall and wind direction on the result-
ing deposition on the regional scale.

In assesing risk for human health effetcs, it is essential to take into
account important characteristics of certain significant food-chains in
the Boreal and Arctic vegetation zones, e.g. particularly longtime re-
tainment of the radioactive deposition in the vegetation, efficient trans-
fer to man over the food-chain lichen-reindeer-man, and specific con-
sumption patterns leading to relatively high intake of deposited 137Cs.
Approximate estimations for districts of reindeer-breeding show that
(mainly due to high con-sumption of rein-deer meat) the total dose in
such groups of the population likely will exceed that in the average pop-
ulation in the Nordic countries by about a factor of 7–20.

Furthermore, our case studies – under the assumption of a 1 PBq re-
lease of 137Cs from a fjord site, in combination with experiences on the
vulnerability of Boreal food-chains in Fenno-Scandia to the impact of
Chernobyl-fallout – indicate that the deposition involves risk for long-
time adverse economical effects (besides the direct radiological aspects
primarily of relevance for exposure in populations close to the source),
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and thus also likely may lead to negative social and cultural conse-
quences, notably for reindeer herding in areas subjected to fallout.

Despite the much smaller inventory of radioactive nuclides in naval
nuclear reactors, as compared to the reactors at the Kola nuclear power
plant, a closer study of the probable source strength in various release
scenarios is thus motivated for submarine reactors at sites along the
shoreline of Kola, and – depending on the outcome – to be pursued
with further analyses to elucidate the potential impact in radiological,
as well as socio-economical and cultural dimensions.
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Appendix 1: Case study for the ETEX 
experiment, October, 1994

Here in Appendix 1 the results of modelling for the case study for the
ETEX experiment, October, 1994 are presented in details in the maps.

Two variants were simulated for the case study:
+ a – comparison with the ETEX experiment release (W. France,

lambda=-2.01, phi = 48.07, it is a low release H = 8m. Release start
– 16.00 23.10.94, release end – 03.50 24.10.94.)

+ b – case study for KNPP release, start time October 24, 1994 00
GMT (Greenwich Meridian Time). We will focus in this case to
sensitivity to release co-ordinate (1 degree variation of four trajecto-
ries (see Mahura at al., 1998)).

A – comparison with the ETEX experiment:
Main input data and conditions for the simulation are the following:

Calculated concentrations at 2m height (Bq/m3) at different time after
the start of the unit release (1 Bq) from the ETEX experiment site are
presented in figures A1.1-A1.8.

Meteorological input data (atmos-
pheric and surface)

from the European Centre for Medium-Range 
Weather Forecasts (ECMWF), Reading, UK 
with 0.75°resolution each 6 hours

Release co-ordinates Western France, 48.07?N, -02.01°E

Release start 16 GMT, October 23, 1994

Release end 03.50 GMT, October 24, 1994

Simulation duration 5 days (120 hours)

Horizontal release scale 50 m (± 25 m from the site)

Release height 8 m

Number of released particles 2 particles per second

Max model time step 3600 sec

Geometric standard deviation 
Radius of particles

0 (passive tracer/gas PMCH => no settling 
velocity)

Total release Unit release = 1Bq
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Figure 11 Calculated concentrations at 2m height (Bq/m3) 3 h after the release start. Total
release = 1Bq.

Figure 12 Calculated concentrations at 2m height (Bq/m3) 6 h after the release start. Total
release = 1Bq.
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Figure 13 Calculated concentrations at 2m height (Bq/m3) 12 h after the release start. Total
release = 1Bq.

Figure 14 Calculated concentrations at 2m height (Bq/m3) 24 h after the release start. Total
release = 1Bq.
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Figure 15 Calculated concentrations at 2m height (Bq/m3) 36 h after the release start. Total
release = 1Bq.

Figure 16 Calculated concentrations at 2m height (Bq/m3) 48 h after the release start. Total
release = 1Bq.
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Figure 17 Calculated concentrations at 2m height (Bq/m3) 60 h after the release start. Total
release = 1Bq.

Figure 18 Calculated concentrations at 2m height (Bq/m3) 72 h after the release start. Total
release = 1Bq.
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B – case study for KNPP release:
Main additional to A-case input data and conditions for the simulation
are the following:

Calculated concentrations at 2m height (Bq/m3) and ground-con-
tamination (total deposition, Bq/m2) at different time after the start of
a unit hypothetical release (1 Bq) from a nuclear reactor on the Kola Pe-
ninsula and for different release sites: 67.45°N, 32.45°E and 66.45°N,
33.45°E are presented in figures A1.11-A1.29.

Figures A1.30-A1.35 present the dynamics of the weather situation
in the region based on meteorological satellite images taken by the
MET-5 satellite and weather maps (surface and 500 hPa) over Europe
at 23–28.10.94 from the Institut für Meteorologie, FU – Berlin.

Accident co-ordinates Kola NPP – 67.45°N, 32.45°E

Variation – 66.45°N, 33.45°E

Start of accidental release 00 GMT, October 23, 1994

Release duration 1 hour

Simulation duration 5 days (120 hours)

Horizontal release scale 100 m (± 50 m from the site)

Release heights 200–500m, 950–1050m

Number of released particles 30 particles per second

Max model time step 3600 sec

Geometric standard deviation 4.0

Median radius of particles 7.3 mm

Min, Max radius of particles 0.05–300 mm

Total release Unit release 1 Bq
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Figure 19 Calculated concentrations at 2m height (Bq/m3) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 20 Calculated concentrations at 2m height (Bq/m3) 12 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 21 Calculated concentrations at 2m height (Bq/m3) 18 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 22 Calculated concentrations at 2m height (Bq/m3) 24 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 23 Calculated concentrations at 2m height (Bq/m2) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 24 Calculated concentrations at 2m height (Bq/m2) 12 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 25 Calculated concentrations at 2m height (Bq/m2) 24 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 26 Calculated concentrations at 2m height (Bq/m2) 48 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 27 Calculated concentrations at 2m height (Bq/m3) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-or-
dinates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.

Figure 28 Calculated concentrations at 2m height (Bq/m3) 12 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-or-
dinates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.
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Figure 29 Calculated concentrations at 2m height (Bq/m3) 18 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-or-
dinates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.

Figure 30 Calculated concentrations at 2m height (Bq/m3) 24 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-or-
dinates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.
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Figure 31 Calculated concentrations at 2m height (Bq/m3) 30 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-or-
dinates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.

Figure 32 Calculated concentrations at 2m height (Bq/m3) 36 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-or-
dinates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.
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Figure 33 Ground-contamination (total deposition, Bq/m2) 6 hours after a hypothetical re-
lease (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-ordi-
nates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.

Figure 34 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-
ordinates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.
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Figure 35 Ground-contamination (total deposition, Bq/m2) 18 hours after a hypothetical re-
lease (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-ordi-
nates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.

Figure 36 Ground-contamination (total deposition, Bq/m2) 24 hours after a hypothetical re-
lease (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-ordi-
nates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.
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Figure 37 Ground-contamination (total deposition, Bq/m2) 30 hours after a hypothetical re-
lease (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-ordi-
nates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.

Figure 38 Ground-contamination (total deposition, Bq/m2) 36 hours after a hypothetical re-
lease (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source: co-ordi-
nates: 66.45 °N, 33.45 °E, height: 200-500m. Release duration = 1 hour.
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Figure 39 Ground-contamination (total deposition, Bq/m2) 120 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release source:
co-ordinates: 66.45 °N, 33.45 °E, height: 950-1050m. Release duration = 1
hour.
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Figure 40 Weather maps over Europe at 24.10.94 500hPa, 00:00 GMT (top), surface,
06:00 GMT Institut für Meterologie, FU - Berlin (bottom).
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Figure 41 Weather map (850 hPa) over Europe at 24.10.94 00:00 GMT Institut für Me-
terologie, FU - Berlin.
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Figure 42 Weather maps over Europe at 25.10.94. 500hPa, 00:00 GMT (top), surface,
06:00 GMT Institut für Meterologie, FU - Berlin (bottom).
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Figure 43 Weather map (850 hPa) over Europe at 24.10.94 00:00 GMT Institut für Me-
terologie, FU - Berlin.
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Figure 44 Weather maps over Europe at 26.10.94. 500hPa, 00:00 GMT (top), surface,
06:00 GMT Institut für Meterologie, FU - Berlin (bottom).
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Figure 45 Weather map (850 hPa) over Europe at 26.10.94 00:00 GMT Institut für Me-
terologie, FU - Berlin.
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Appendix 2: Case study for December 28, 
1996

Here in Appendix 2 the results of modelling for the case study on
December 28, 1996 00 GMT are presented in details in the maps.

This case study we earlier did (see the previous report (Bergman et
al., 1997)). Our previous calculation was done by the MATHEW/AD-
PIC models, new calculations for this report was done by the new
model for this case for the model comparison.

Large contamination of Scandinavia and Finland is common for this
meteorological situation. Calculations were done for different Particle
size distribution: median radius of particles 7µm and 0.3 µm.

Main input data and conditions for the simulation are the following:

Calculated concentrations at 2m height (Bq/m3) and ground-con-
tamination (total deposition, Bq/m2) at different time after the start of
a unit hypothetical release (1 Bq) from a nuclear reactor on the Kola Pe-
ninsula and for different particle size distribution: median radius of
particles 7µm and 0.3 µm are presented in figures A2.1-A2.14.

Figures A2.15-A2.21 present the dynamics of the weather situation
in the region based on meteorological satellite images taken by the
MET-5 satellite and weather maps (surface and 500 hPa) for the Euro-
pean territory on December 28, 1996 – January 02, 1997 from the In-
stitut für Meteorologie, FU – Berlin.

Meteorological input data (atmos-
pheric and surface)

from the European Centre for Medium-Range 
Weather Forecasts (ECMWF), Reading, UK 
with 0.75°resolution each 6 hours

Accident co-ordinates Kola NPP – 67.45°N, 32.45°E

Start of accidental release 00 GMT, December 28, 1996

Release duration 1 hour

Simulation duration 5 days (120 hours)

Horizontal release scale 100 m (± 50 m from the site)

Release height 200–500m

Number of released particles 30 particles per second

Max model time step 3600 sec

Geometric standard deviation 4.0

Median radius of particles 7µm and 0.3 µm

Min, Max radius of particles 0.05–300 mm

Total release Unit release 1 Bq
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Figure 46 Calculated concentrations at 2m height (Bq/m3) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 47 Calculated concentrations at 2m height (Bq/m3) 12 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 48 Calculated concentrations at 2m height (Bq/m3) 24 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 49 Calculated concentrations at 2m height (Bq/m3) 48 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 50 Calculated concentrations at 2m height (Bq/m3) 72 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 51 Calculated concentrations at 2m height (Bq/m3) 96 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 52 Calculated concentrations at 2m height (Bq/m3) 114 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.

Figure 53 Ground-contamination (total deposition, Bq/m2) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration = 1
hour. Median radius of particles: 7 µm.
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Figure 54 Ground-contamination (total deposition, Bq/m2) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration = 1
hour. Median radius of particles: 0.3 µm.

Figure 55 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 7 µm.
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Figure 56 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 0.3 µm.

Figure 57 Ground-contamination (total deposition, Bq/m2) 24 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 7 µm.
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Figure 58 Ground-contamination (total deposition, Bq/m2) 24 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 0.3 µm.

Figure 59 Ground-contamination (total deposition, Bq/m2) 48 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 7 µm.
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Figure 60 Ground-contamination (total deposition, Bq/m2) 48 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 0.3 µm.

Figure 61 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 7 µm.
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Figure 62 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 0.3 µm.

Figure 63 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 7 µm.
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Figure 64 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 0.3 µm.

Figure 65 Ground-contamination (total deposition, Bq/m2) 114 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 7 µm.
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Figure 66 Ground-contamination (total deposition, Bq/m2) 114 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release duration
= 1 hour. Median radius of particles: 0.3 µm.
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Figure 67 Surface weather map over Europe at 28.12.96 06:00 GMT (Institut für Meter-
ologie, FU - Berlin).
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Figure 68 Weather map (500hPa) over Europe at 28.12.96 00:00 GMT (Institut für Me-
terologie, FU - Berlin).
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Figure 69 Surface weather map over Europe at 29.12.96 06:00 GMT (Institut für Meter-
ologie, FU - Berlin).
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Figure 70 Weather map (500hPa) over Europe at 29.12.96 00:00 GMT (Institut für Me-
terologie, FU - Berlin).
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Figure 71 Surface weather map over Europe at 31.12.96 06:00 GMT (Institut für Meter-
ologie, FU - Berlin).
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Figure 72 Weather map (500hPa) over Europe at 31.12.96 00:00 GMT (Institut für Me-
terologie, FU - Berlin).
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Appendix 3: 
Case Study on November 1, 1995

Here in Appendix 3 the results of modelling for the case study on
November 1, 1995 00 GMT are presented in details in the maps.

Large contamination of Scandinavia and Western Europe is com-
mon for this meteorological situation. Calculations were done for dif-
ferent release height (20–60m, 450–550m, 1000–1100m, 1900–
2200m).

Main input data and conditions for the simulation are the following:

Calculated concentrations at 2m height (Bq/m3) and ground-con-
tamination (total deposition, Bq/m2) at different time after the start of
a unit hypothetical release (1 Bq) from a nuclear reactor on the Kola Pe-
ninsula and for different release heights: 20–60m, 200–500m, 1000–
1100m and 1900–2200m are presented in figures A3.1-A3.39.

Figures A3.40-A3.50 present the dynamics of the weather situation
in the region based on meteorological satellite images taken by the
MET-5 satellite and weather maps (surface and 500 hPa) over Europe
at 01–05.11.95 from the Institut für Meteorologie, FU – Berlin.

Meteorological input data(atmos-
pheric and surface)

from the European Centre for Medium-Range 
Weather Forecasts (ECMWF), Reading, UK 
with 0.75°resolution each 6 hours

Accident co-ordinates Kola NPP – 67.45°N, 32.45°E

Start of accidental release 00 GMT, November 01, 1995

Release duration 1 hour

Simulation duration 5 days (120 hours)

Horizontal release scale 100 m (± 50 m from the site)

Release height 20–60m, 200–500m, 1000–1100m or 1900–
2200m

Number of released particles 30 particles per second

Max model time step 3600 sec

Geometric standard deviation 4.0

Median radius of particles 7 µm

Min, Max radius of particles 0.05–300 µm

Total release Unit release 1 Bq

Nuclide or nuclides group Cs-137
87



Ronny.book  Page 88  Tuesday, March 5, 2002  1:16 PM
Figure 73 Calculated concentrations at 2m height (Bq/m3) 12 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 74 Calculated concentrations at 2m height (Bq/m3) 24 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 75 Calculated concentrations at 2m height (Bq/m3) 36 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 76 Calculated concentrations at 2m height (Bq/m3) 48 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 77 Calculated concentrations at 2m height (Bq/m3) 60 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 78 Calculated concentrations at 2m height (Bq/m3) 72 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 79 Calculated concentrations at 2m height (Bq/m3) 84 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 80 Calculated concentrations at 2m height (Bq/m3) 96 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 81 Calculated concentrations at 2m height (Bq/m3) 108 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.

Figure 82 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
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Figure 83 Ground-contamination (total deposition, Bq/m2) 24 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour..

Figure 84 Ground-contamination (total deposition, Bq/m2) 36 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
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Figure 85 Ground-contamination (total deposition, Bq/m2) 48 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour..

Figure 86 Ground-contamination (total deposition, Bq/m2) 60 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
94



Ronny.book  Page 95  Tuesday, March 5, 2002  1:16 PM
Figure 87 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour..

Figure 88 Ground-contamination (total deposition, Bq/m2) 84 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
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Figure 89 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour..

Figure 90 Ground-contamination (total deposition, Bq/m2) 108 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
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Figure 91 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 20-
60m. Release duration = 1 hour..

Figure 92 Ground-contamination (total deposition, Bq/m2) 24 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 20-
60m. Release duration = 1 hour.
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Figure 93 Ground-contamination (total deposition, Bq/m2) 36 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 20-
60m. Release duration = 1 hour..

Figure 94 Ground-contamination (total deposition, Bq/m2) 48 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 20-
60m. Release duration = 1 hour.
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Figure 95 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 20-
60m. Release duration = 1 hour..

Figure 96 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 20-
60m. Release duration = 1 hour.
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Figure 97 Ground-contamination (total deposition, Bq/m2) 114 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
20-60m. Release duration = 1 hour..

Figure 98 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1000-1100m. Release duration = 1 hour.
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Figure 99 Ground-contamination (total deposition, Bq/m2) 24 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1000-1100m. Release duration = 1 hour..

Figure 100 Ground-contamination (total deposition, Bq/m2) 36 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1000-1100m. Release duration = 1 hour.
101



Ronny.book  Page 102  Tuesday, March 5, 2002  1:16 PM
Figure 101 Ground-contamination (total deposition, Bq/m2) 48 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1000-1100m. Release duration = 1 hour..

Figure 102 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1000-1100m. Release duration = 1 hour.
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Figure 103 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1000-1100m. Release duration = 1 hour..

Figure 104 Calculated concentrations (Bq/m3) at 2m height (Bq/m3) 114 hours after a unit
hypothetical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release
height: 1000-1100m. Release duration = 1 hour.
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Figure 105 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1900-2200m. Release duration = 1 hour..

Figure 106 Ground-contamination (total deposition, Bq/m2) 24 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1900-2200m. Release duration = 1 hour.
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Figure 107 Ground-contamination (total deposition, Bq/m2) 36 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1900-2200m. Release duration = 1 hour..

Figure 108 Ground-contamination (total deposition, Bq/m2) 48 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1900-2200m. Release duration = 1 hour.
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Figure 109 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1900-2200m. Release duration = 1 hour..

Figure 110 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1900-2200m. Release duration = 1 hour.
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Figure 111 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
1900-2200m. Release duration = 1 hour..
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Figure 112 Meterorological satellite image over the European territory for 01.11.95 06:00
GMT (by the MET-5 satellite, Institut für Meterologie, FU - Berlin).
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Figure 113 Meterorological satellite image over the European territory for 02.11.95 06:00
GMT (by the MET-5 satellite, Institut für Meterologie, FU - Berlin).
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Figure 114 Meterorological satellite image over the European territory for 03.11.95 06:00
GMT (by the MET-5 satellite, Institut für Meterologie, FU - Berlin).
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Figure 115 Meterorological satellite image over the European territory for 04.11.95 06:00
GMT (by the MET-5 satellite, Institut für Meterologie, FU - Berlin).
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Figure 116 Meterorological satellite image over the European territory for 05.11.95 06:00
GMT (by the MET-5 satellite, Institut für Meterologie, FU - Berlin).
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Figure 117 Weather map (500 hPa) over Europe at 01.11.95 00:00 GMT (by the MET-5
satellite, Institut für Meterologie, FU - Berlin).
113



Ronny.book  Page 114  Tuesday, March 5, 2002  1:16 PM
Figure 118 Weather map over Europe at 01.11.95 06:00 GMT (Institut für Meterologie, FU
- Berlin).
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Figure 119 Weather map over Europe at 02.11.95 06:00 GMT (Institut für Meterologie, FU
- Berlin).
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Figure 120 Weather map over Europe at 03.11.95 06:00 GMT (Institut für Meterologie, FU
- Berlin).
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Figure 121 Weather map over Europe at 04.11.95 06:00 GMT (Institut für Meterologie, FU
- Berlin).
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Figure 122 Weather map over Europe at 05.11.95 06:00 GMT (Institut für Meterologie, FU
- Berlin).
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Appendix 4: Case study for July 17, 1991

Here in Appendix 4 the results of modelling for the case study on July
17, 1991 12.00 GMT are presented in details in the maps.

Release transport to Scandinavia and the Baltic countries is common
for this meteorological situation. Calculations were done for release
heights (450–550m, 200–500m) with separate study of total deposi-
tion and the wet deposition only.

Main input data and conditions for the simulation are the following:

Calculated concentrations at 2m height (Bq/m3) and ground- con-
tamination (separately the total and wet depositions, Bq/m2) at differ-
ent time after the start of a unit hypothetical release (1 Bq) from a nu-
clear reactor on the Kola Peninsula and for two variants of the release
height: 200–500m and 450–550m are presented at the figures A4.1-
A4.19.

Meteorological input data(atmos-
pheric and surface)

from the European Centre for Medium-Range 
Weather Forecasts (ECMWF), Reading, UK 
with 0.75°resolution each 6 hours

Accident co-ordinates Kola NPP – 67.45°N, 32.45°E

Start of accidental release 12.00 GMT, July 17, 1991

Release duration 1 hour

Simulation duration 5 days (120 hours)

Horizontal release scale 100 m (± 50 m from the site)

Release height 450–550m, 200–500m

Number of released particles 20 particles per second

Max model time step 3600 sec

Geometric standard deviation 4.0

Median radius of particles 7 µm

Min, Max radius of particles 0.05–300 mm

Total release Unit release 1 Bq

Nuclide or nuclides group Cs-137
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Figure 123 Calculated concentrations at 2m height (Bq/m3) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 124 Calculated concentrations at 2m height (Bq/m3) 12 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
120



Ronny.book  Page 121  Tuesday, March 5, 2002  1:16 PM
Figure 125 Calculated concentrations at 2m height (Bq/m3) 24 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 126 Calculated concentrations at 2m height (Bq/m3) 48 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 127 Calculated concentrations at 2m height (Bq/m3) 72 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.

Figure 128 Calculated concentrations at 2m height (Bq/m3) 96 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 129 Calculated concentrations at 2m height (Bq/m3) 114 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.

Figure 130 Calculated concentrations at 2m height (Bq/m3) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 450-
550m. Release duration = 1 hour.
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Figure 131 Calculated concentrations at 2m height (Bq/m3) 96 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 450-
550m. Release duration = 1 hour.

Figure 132 Ground-contamination (total deposition, Bq/m2) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 200-
500m. Release duration = 1 hour.
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Figure 133 Ground-contamination (total deposition, Bq/m2) 12 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.

Figure 134 Ground-contamination (total deposition, Bq/m2) 24 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
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Figure 135 Ground-contamination (total deposition, Bq/m2) 36 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.

Figure 136 Ground-contamination (total deposition, Bq/m2) 48 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
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Figure 137 Ground-contamination (total deposition, Bq/m2) 72 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.

Figure 138 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.
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Figure 139 Ground-contamination (total deposition, Bq/m2) 114 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
200-500m. Release duration = 1 hour.

Figure 140 Ground-contamination (total deposition, Bq/m2) 6 hours after a unit hypothetical
release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height: 450-
550m. Release duration = 1 hour.
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Figure 141 Ground-contamination (total deposition, Bq/m2) 96 hours after a unit hypotheti-
cal release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
450-550m. Release duration = 1 hour.

Figure 142 Ground-contamination (total deposition, Bq/m2) 132 hours after a unit hypothet-
ical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release height:
450-550m. Release duration = 1 hour.
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Figure 143 Ground-contamination [Bq/m2], wet deposition only, 132 hours after a unit hy-
pothetical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release
height: 450-550m. Release duration = 1 hour.

Figure 144 Ground-contamination [Bq/m2], dry deposition only, 132 hours after a unit hy-
pothetical release (1 Bq) from a nuclear reactor on the Kola Peninsula. Release
height: 450-550m. Release duration = 1 hour.
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Appendix 5: Case study for October 19, 1995

Here in Appendix 5 the results of modelling for the case study on
October 19, 1995 01 GMT are presented in details in the maps. In
this case study we did calculations by the MATHEW/ADPIC models
earlier and presented at (Thaning & Baklanov 1997).

Release is transported to northern Scandinavia and to the Baltic re-
gion.

Main input data and conditions for the simulation are the following:

Calculated concentrations at 2m height (Bq/m3) and ground- con-
tamination (Bq/m2) at different time after the start of the hypothetical
release (60 PBq) from a nuclear reactor on the Kola NPP are presented
at the figures A5.1-A5.10.

Meteorological input data (atmos-
pheric and surface)

from the European Centre for Medium-Range 
Weather Forecasts (ECMWF), Reading, UK 
with 0.75°resolution each 6 hours

Accident co-ordinates Kola NPP – 67.45°N, 32.45°E

Start of accidental release 01.00 GMT, October 19, 1995

Release duration 5 hour

Simulation duration 5 days (120 hours)

Horizontal release scale 100 m (± 50 m from the site)

Release height 400–600m

Median radius of particles 3 µm

Min, Max radius of particles 0.1–10 µm

Total release Unit release 60 PBq

Nuclide or nuclides group Cs-137
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Figure 145 Calculated concentrations at 2m height (Bq/m3), 23 hours after the start of the hy-
pothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5 days.
Release height: 400-600m. Release duration = 5 hours.

Figure 146 Calculated concentrations at 2m height (Bq/m3), 47 hours after the start of the hy-
pothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5 days.
Release height: 400-600m. Release duration = 5 hours.
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Figure 147 Calculated concentrations at 2m height (Bq/m3), 71 hours after the start of the hy-
pothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5 days.
Release height: 400-600m. Release duration = 5 hours.

Figure 148 Calculated concentrations at 2m height (Bq/m3), 95 hours after the start of the hy-
pothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5 days.
Release height: 400-600m. Release duration = 5 hours.
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Figure 149 Calculated concentrations at 2m height (Bq/m3), 119 hours after the start of the
hypothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5
days. Release height: 400-600m. Release duration = 5 hours.

Figure 150 Ground-contamination (total deposition, Bq/m2), 23 hours after the start of the
hypothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5
days. Release height: 400-600m. Release duration = 5 hours.
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Figure 151 Ground-contamination (total deposition, Bq/m2), 47 hours after the start of the
hypothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5
days. Release height: 400-600m. Release duration = 5 hours.

Figure 152 Ground-contamination (total deposition, Bq/m2), 71 hours after the start of the
hypothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5
days. Release height: 400-600m. Release duration = 5 hours.
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Figure 153 Ground-contamination (total deposition, Bq/m2), 95 hours after the start of the
hypothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5
days. Release height: 400-600m. Release duration = 5 hours.

Figure 154 Ground-contamination (total deposition, Bq/m2), 119 hours after the start of the
hypothetical release (60 PBq) from a nuclear reactor on the Kola NPP during 5
days. Release height: 400-600m. Release duration = 5 hours.
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