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THE NORDIC RBSEARCH PROGRAMME 
Olt NUCLEAR SAFETY 

Only two of the five Nordic countries Denmark, Iceland, Finland, 
Norway, and Sweden operate nuclear power plants. But there are many 
nuclear installations close to the borders of these countries, so they 
all have a genuine need for knowledge and for a staff that is competent 
in nuclear matters. 

The long tradition of Nordic cooperation - facilitated by the related 
languages and similar style of life - provides a good background for 
joint research, as in nuclear safety. On this topic, regular four-year 
programmes started 15 years ago, the so-called NKS-programmes. 

The current fourth NKS-programme, 1990 through 1993, is influenced by 
the needs that became apparent after the Chernobyl accident. Thus, 
there is much emphasis on availing the knowledge necessary to deal with 
unexpected events and release of radioactive material from nuclear in
stallations. 

The present programme consists of individual projects within four areas 
related to the need for keeping competence. The four areas are: 
Emergency preparedness (the BER-programme), Waste and decommissioning 
(the KAN-programme), Radioecology (the RAD-programme), and Reactor 
safety (the SIK-programme). 

The three first NKS-programmes were under the auspicies of the Nordic 
Council of Ministers who also financed the basic expenditure. Now, it 
is the authorities responsible for nuclear safety in the five countries 
that provide the basic funds, with some additional sponsoring from 
industry. The total turnover of the fourth programme is of the order 
of 60-100 million crowns ($ 10-15 millions), where more than half is 
in the form of in-kind contributions from the participants. Nearly 200 
engineers and scientists are involved in the programme. 

The programme comprises a total of 18 projects, the output of which at 
the end of 1993 will appear in the form of "hand books" for use in case 
of emergency, and in state-of-the-art reports for particular Nordic 
considerations in waste management, radioecology and reactor safety. 
Previous NKS programmes have also resulted in summary reports; a list 
of those available is found at the end of this paper. 

The future of joint Nordic project work in the nuclear safety field 
must be seen in the light of changing conditions in and around the 
Nordic countries, such as the opening of relations to the neighbours 
in the east, the move towards the European Communities, the need for 
training af a new generation of specialists in the nuclear field, etc. 

On the following pages, there is a brief outline of each of the 18 
projects in the present NKS programme and of their expected outcome. 



PROJECTS AMD PROJECT LEADERS OP M B 1990-93 HKS-PROGRAMMB 

Emergency in abnormal radiation situations 

Coordinator: Erling Stranden, N 

BER-1 Dispersion and environmental consequences Ulf Tveten, N 
BBR-2 Methods and strategy in radiation monitoring Janne Koivukoski, SF 
BBR-3 Harmonization of counter-measures Ole Walmod-Larsen,DK 
BER-4 Information to the public Sven Carlsson, S 
BER-5 Emergency exercises Erling Stranden, N 
BBR-6 Reclamation of contaminated areas Judith Melin, S 

Nuclear waste and decommissioning 

Coordinator: Johan Andersson, S 

KAN-1 Waste questions related to decommissioning 
KAN-1.1 Exemption of radioactive materials 
KAN-1.2 Decommissioning of a pilot plant 
KAN-1.3 Information, conservation, and retrieval 
KAN-2 Management of radioactive wastes from the 

cleanup of large areas 
KAN-3 Effects of climate changes on a waste 

repository 

Esko Ruokola, SF 
John Erling Lundby,N 
Mikael Jensen, S 

Jukka Lehto, SF 

Fritz Kautsky, S 

Radioecology 

Coordinator: Henning Dahlgaard, DK 

RAD-1 Competence and environmental radioactvity 
RAD-2 Aquatic radioecology 
RAD-3 Radioecology of the agricultural ecosystem 
RAD-4 Radioecology of natural ecosystems 

Elis Holm, S 
Manuela Notter, S 
Per Strand, N 
Aino Rantavaara, SF 

Reactor safety - availing of knowledge 

Coordinator: Risto Sairanen, SF 

SIK-1 Safety evaluation 
SIK-2 Severe accident phenomena 
SIK-3 Reactors in nearby countries 

Kari Laakso, SF 
Wiktor Frid, S 
Erik Nonbøl, DK 



Project BBR-1. 

Dispersion and environmental consequences 

In a nuclear emergency situation, e.g. following the first messages 
about a reactor accident, or in the case of an expected impact of a 
satellite, the responsible authorities must rapidly evaluate the 
possible consequences in order to prepare counter-measures. 

One of the first tasks will be to evaluate the seriousness of the situ
ation and to identify critical geographical locations and critical 
exposure modes. In this project, available models have been reviewed 
for estimation of atmospheric transportation of a radioactive cloud on 
long distances. It appears that methods for calculating the time-
dependent movements of a cloud are well developed, but that models 
capable of calculating concentrations of radioactivity far from a 
release are scarce. 

An emergency exercise has been carried out, in which the various 
systems used in the Nordic countries to predict the displacement of a 
radioactive cloud could be compared. The response times were found to 
be quite satisfactory, though some administrative weaknesses were 
identified. The various prognoses were not quite in agreement, and the 
reason for this is now being investigated. A certain harmonization of 
the methods used by the meteorological institutes in the Nordic 
countries will be achieved during the remaining project period, and 
there is reason to believe that a better agreement will result. 

The next step in estimating possible consequences of an accident con
cerns the deposition of radioactive material. 

Much information on the behaviour of radioactive material in the en
vironment is available in the Nordic countries, in publications or 
unpublished. In the project this information is collected and presented 
with the aim that is shall be readily available in an emergency situa
tion. The information includes characteristics of wet and dry depo
sition, run-off and wash-off characteristics from various kinds of 
surfaces. Also shielding and filtering factors for different types of 
houses are of importance. Transfer to milk, meat, and vegetation is 
essential, and so is information on seasonal variations and information 
on short- as well as long-term countermeasures. 

The major effort will be the preparation of a handbook containing all 
available information relevant to evaluation of the diferent exposure 
pathways in different types of environments (rural areas as well as 
urban and semi-natural areas). The handbook may be made available in 
the form of data files. 



Project BKR-2. 

Methods and Strategy in Radiation Monitoring 

Monitoring systems for the detection of radioactive material in air 
have been established in each of the Nordic countries. The automatic 
system in Finland consists of 141 stations, in Sweden of 36 stations, 
in Norway of 20 stations, and in Denmark of 11 stations. The systems 
are important parts of the emergency preparedness of each country. 
Should a radioactive cloud pass over the country, data should also be 
collected from higher altitudes by airplanes. All measurements are 
transferred to the emergency centres in each country and help to 
indicate locations on the ground where additional monitoring needs to 
be performed by mobile units. 

Availability of measured data in neighbouring countries would be a help 
in emergency situations, but this requires a standardization so that 
misinterpretation can be avoided. 

In this project a handbook of methods used in the Nordic countries is 
produced. This handbook contains an overview of the monitoring systems 
in each of the countries so as to facilitate the interpretation when 
measured values are transferred between countries. The overview 
includes details about the instruments in use, their operation mode, 
and the significance of their output data. 

In the project a survey was made of existing and planned systems for 
transfer of measured data between countries, for example the one used 
by the World Meteorological Organization. It turned out that it would 
be preferable to a system with microcomputers for this project. This 
system includes a central data bank where national data are received 
and from where participating countries can obtain information. This 
requires a standardized format for the information that is to be 
transferred. Such a format is proposed for the Nordic countries and it 
might ultimately find a broader use, also outside the Nordic area. 

During the project period, several experiments have been carried out 
with transfer of measurements from airplanes to a ground station. It 
was found that the Global Position System now internationally available 
is a satisfactory solution for the ambiguous localisation of a plane. 
Equipment to be used in airborn radiation monitoring has been specified 
and tried out. There is indication that such equipment will be ordered 
for use in several Nordic countries. 



Project BBR-3. 

Harmonization of CountemeaBuxes 

A major nuclear accident in one country may require authorities of 
several surrounding states to respond. They may just inform the 
population, or undertake protective actions such as sheltering, use of 
iodine tablets, food restrictions, or even evacuation. 

The Chernobyl accident revealed that there was a considerable differ
ence in the way in which authorities responded in various countries. 
This gave rise to confusion in the populations and in fact resulted in 
unnecessary harm. 

By the introduction of any protective action, it is the basic endeavour 
according to international recommendations that the action should do 
more good than harm and that the net benefit should be maximized. Here, 
one has to consider individuals as well as society as a whole. 

In such an "optimization" procedure some factors are quantifiable, such 
as the actual cost of a certain intervention, while others are less 
quantifiable, such as the reassurance obtained through the same inter
vention. 

In this project a study is made to provide the competent authorities 
in the Nordic countries with recommendations for common intervention 
levels. A proposal for distinct levels of dose above which different 
corrective measures should be implemented, implies that in each actual 
case an optimization between damage and benefit is performed prior to 
taking a decision. Where such harmonization is not possible, it is the 
task of the project to describe the reasons for the differences in the 
resulting intervention levels. 

Two decision-aiding techniques introduced in the project are "extended 
cost-benefit analysis" and "multi-attribute utility analysis". In the 
analyses are included such factors ("attributes") as: the dose that can 
be avoided by the protective actions, their monetary costs, the physi
cal harm that is introduced, and the stress or the reassurance that 
people may endeavour as a result of the protective actions. 

One outcome of the project will be a structuring of the decision pro
cess that leads to the choice of protective actions. If such a struc
ture were applied in an emergency situation, it would help the decision 
maker to think more clearly aboat the problem and bring him further 
insight and understanding. It is important to stress that such decision 
-aiding techniques are not intended to replace the role of a decision 
maker. Analysis, however, can help to arrive at a balanced action. 

In the project a follow-up group with representatives from the com
petent authorities in the Nordic countries has been established. It is 
the intention to arrange a fun' ional exercise (a "decision confer
ence") in order to elaborate th». use of such decision techniques and 
promote harmonization between the authorities involved. 



Project BBR-4. 

Information to the public 

The information from the authorities to the media and the public has 
been improved in all the Nordic countries following the experiences 
from the Chernobyl accident. Among other things it is now recognized 
that the information units of the authorities must be an integrated 
part of the teams that handle nuclear accidents. 

The goal of this project is to reduce information problems that still 
exist between the Nordic countries on account of certain differences 
in organization, languages, culture and information traditions. There
fore, a common information policy is worked out. It implies that the 
authorities should provide members of the public with ample, readily 
understandable factual information, so as to permit individuals to make 
- as far as possible - their own decisions in order to reduce the con
sequences of an accident. 

Here, it is important that the same information is given simultaneously 
in all the Nordic countries during the different phases of an accident: 
the warning phase, the acute phase, and the recovery phase. For this 
purpose, background information material is produced for use in all the 
Nordic countries. It will be available in an easily accessible form so 
that it can be adapted to answer the most common questions in case of 
an accident. 

Through the project, personal contacts are also maintained on a Nordic 
basis, firstly between the information specialists of the authorities, 
and secondly between specialists and journalists. The relations among 
the information specialists are maintained through a "contact net" 
which has its own updating mechanism and regular meetings. Working 
rela\ions with the media are improved in joint seminars where, for 
example, the information process under stress can be exercised. The 
ability to contact relevant journalists in an actual case is tested in 
connection with Nordic emergency exercises. 

Since nuclear safety and radiation protection are complicated subjects 
to explain, a course about these questions is organized for journalists 
from the Nordic countries. 

The personal relations established in this project among information 
specialists, through meetings and exercises together with journalists, 
contribute to build up what is essential for the information in case 
of an accident: confidence. 



Project BBR-5. 

Baorgoncy Exercises 

In all of the Nordic countries, nuclear emergency provisions have been 
revised following the Chernobyl accident. Local and national emergency 
exercises are carried out regularly in each of the countries. Several 
actions have been taken to harmonize the approach of individual Nordic 
countries. In order to further promote similar decision making pro
cedures in an emergency situation, an internordic exercise will be 
carried out in 1993. 

It is important to see if all five countries respond in a similar way 
to a given situation, as far as risk assessment and countermeasures are 
concerned. The exercise is mainly aimed at decision-makers and advisers 
of the five national emergency organisations. It will not include com
parisons of underlying calculations e.g. on atmospheric trajectories 
or on transfer of radioactive material from air to ground. Such "func
tional" exercies are performed in other projects of the Nordic pro
gramme . 

A considerable preparatory effort is required for such an exercise. In 
each country, a national exercise leader is appointed, while a joint 
Nordic evaluation team is set up. Common rules for the simulated inputs 
during the exercise and for the evaluators are worked out. Scenarios 
are prepared by an independent group. An essential planning item is the 
coordination of the internordic exercise with those performed on a more 
routine basis in each country. 

The exercise will include both an acute scenario and a scenario taking 
place a few days after a major accident. 

The acute phase will be exercised in January 1993, simultaneously in 
all five countries. In this phase, reactions to an external threat are 
tested. The scenario is designed to involve all Nordic countries 
adequately. 

The late phase brings the participants to the 3rd and 4th day after a 
serious accident. Here, decision-making in a given fallout situation 
is tested, including a re-evaluation of countermeasures already taken 
during the first 2-3 days. 

During the late phase, all countries will be given similar scenarios. 
This phase will be exercised at different times in the various 
countries, and the countries will not be expected to communicate with 
each other in this phase. The late phase is scheduled for September/ 
October 1993. 

The evaluation of the exercises will highlight contacts among the 
countries in an acute situation and the ability of national organiza
tions to follow similar decision patterns. 



Project BBR-6. 

Reclamation of Contaminated Areas 

If radioactive material accidentally has been deposited over a large 
area, knowledge about several factors is needed in order to help de
cision makers determine to what extent the contaminated area should be 
cleaned. 

Any decision about the application of countermeasures should be based 
on the net benefit expected from taking a specific action. Emphasis 
must be put on the potential reduction in radiological dose to affected 
populations, but the economic consequences and social impacts of any 
action must also be considered. 

The reclamation of contaminated environments is associated with high 
costs for society. Recent experiences show that reclamation may lead 
to more severe impacts on the population than if no action were taken. 
In this project a document is worked out for the guidance of decision
makers when they are faced with planning and effectuation of recla
mation of contaminated environments. 

Different measures are available for reclamation of urban areas, agri
cultural areas, forests, and fresh water environments. In the project 
measures will be evaluated in perspective of the radiation dose that 
can be saved by affected populations taking into account the reduction 
in dose that would anyhow take place due to natural processes. Doses 
received by persons carrying out the decontamination must also be con
sidered. Subsequently, the costs for different methods are analyzed, 
expressed as resources needed in the form of equipment and personel. 
Also, the costs for handling and disposal of wastes must be taken into 
account. 

Various strategies for reclamation will be discussed in order to opti
mize any decision as to whether clean-up should be undertaken and which 
agrochemical techniques should be applied. 

Special attention will be given to the specific character of the Nordic 
society such as the environment, legislation, resources available, and 
the probability of accidents giving rise to radioactive contamination 
of large areas. 
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Project KAN 1.1. 

KAN-1.1. Bxeeption of Radioactive Materials 

Large amounts of waste arising from the operation or dismantling of 
nuclear facilities or from the use of radioisotopes are hardly radio
active. Their treatment and disposal as radioactive waste is not 
warranted according to the radiation protection principles. Instead, 
they can be exempted from regulatory control and disposed or recycled 
as conventional waste. In this project, typical amounts of wastes that 
could be exempted are estimated. 

General radiation protection principles for the exemption of radio
active wastes have been established by the IAEA, but the more practi
cal (derived) limits based on the activity of waste, are still under 
discussion at the international level. International consensus on the 
exemption criteria is desirable, since exempted materials may be 
transported from one country to another. There are certain joint Nordic 
recommendations for exemption, but not for waste from nuclear plants. 
National guidelines in Sweden and Finland have somewhat differing 
exemption limits. 

Several safety assessments have been made to arrive at activity limits 
that could be more generally applied, e.g. a recent Swedish study. 
Here, it is suggested that the limit for unrestricted exemption of nu
clear wastes should be in the order of 0.1-1 Bequerel per gram. Higher 
limits may be allowed if restrictions are imposed, e.g. if the manage
ment of the exempted waste is somewhat controlled. Such case-by-case 
exemption decisions have been made in Sweden and Finland. 

Prior to exemption, the activity of the waste must be determined with 
sufficient accuracy. The most suitable method for activity determi
nation depends on the characteristics and nuclide composition of the 
waste. For some nuclides with weak or no photon emission, direct 
measurements are not practicable. Therefore, their activities must be 
determined by indirect methods. In the project, suggestions are made 
for controlling the activity by direct measurements and indirect 
methods. 

The main result of the project will be a "handbook" on exemption of 
radioactive wastes. It describes the procedures to be followed in 
exemption and gives practical background information for the elabor
ation and review of exemption applications. The project should provide 
a uniform background to regulatory activities related to exemption of 
nuclear wastes in the Nordic countries. 
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Project KAH-1.2. 

Decoaaiasloning of a Pilot: Plant 

A pilot plant for reprocessing of irradiated fuel was operated at 
Institutt for energiteknikk, Kjeller/Norway, during the years 1961-
1968. In this period, about 1200 kg of uranium was separated from 
plutonium and fission products by means of chemical extraction. Totally 
the plant comprised a tubing system of more than 6000 meters, and a 
total of 50 tanks, evaporators, and extraction columns. 

The plant was shut down and decontaminated in 1968, but actual decom
missioning was not carried out until 1982, and then again during the 
period 1989-1993. The experience from rinsing and dismantling of the 
plant is reported by the decommissioning team that performed these 
operations. 

In this project, the experience collected during the different phases 
is analysed with a view to its use in a broader manner, and when other 
nuclear installations are to be taken out of service and dismantled. 
A reprocessing plant is contaminated by radioactive solutions, but due 
to the absence of neutrons, there is no activation of the construction 
material as is the case in nuclear reactors. On the other hand, it has 
been a major concern to prevent the intake and inhalation of radio
active materials, especially alpha contaminants. 

A main objective in the decommissioning process is to generate as small 
waste volumes as feasible. Radioactive deposits inside process equip
ment can be removed with chemicals. For the major part of this instal
lation it turned out, however, that smaller waste volumes are obtained 
by avoiding wet methods. The volume of solid waste can be kept low by 
careful planning, reasonable cutting, and tight packing and using cubi
cal boxes instead of drums. Lead shielding blocks can also be decon
taminated for reuse in a dry process by means of mechanical milling. 
One problem is to demonstrate that the radioactive contamination has 
been sufficiently reduced to permit the greater part of equipment to 
be discarded as non-radioactive waste. For this purpose decontamination 
methods and measuring techniques are being tested. 

In case members of the original operation crew are available when de
commissioning is performed, this will greatly facilitate the work. When 
decommissioning is delayed for a longer period, a strict control of the 
availability of all necessary written information, drawings, etc. is 
essential. In this decommissioning project the knowledge of the oper
ation crew has been of great importance. The work would otherwise have 
been much more costly and troublesome. 



Project KAH-1.3. 

Information Conservation and Retrieval 

High level radiactive waste contains nuclides that will remain radio
active for very long times, although the major part of the radioactivi
ty will have decayed within 1000 years. It is recognized that certain 
information about the waste must be kept for long time periods in view 
of the risks involved, if future generations should - inadvertently or 
intentionally - come into contact with the waste repository. The same 
reasoning is valid for repositories for other toxic wastes. Present day 
waste management would gain from an early identification of documents 
to be part of a waste archive. 

The amount of information to be kept in archives will diminish with 
time. At the outset, information about the history of the nuclear 
material is needed by the reactor operator, the company operating the 
repository, and the competent authority. In the future, less infor
mation is needed. A hypothetical group involved in remedial actions 
would require more detailed information than most others. For such a 
group, information about the location, design, and content of the 
repository would have priority. 

Analysis of the need of such future user groups has been used to design 
the relevant information to be kept in a waste archive. The total 
available information is described for two cases with suggestions for 
collection of archive assembly. A retention scale is also suggested. 
Thus, a proposal is made of which information should be kept, for how 
long, and who should be responsible for it. 

It is necessary to think in terms of a much longer time span than is 
considered for today's information transfer systems which are defined 
as composed by three components: Archives, on-site information, and 
living information in society, such as information in laws and school 
education. 

A legal strategy is proposed, suggesting that society should implement 
the right to information about environmenetal hazards such as reposi
tories rather than to impose restrictions near the site. 

Today's archive methods may ascertain the conservation of written 
information for periods up to 1000 years. A modern method like micro
film needs 4 updatings during the same period. Beyond a few thousand 
years, monuments on the repository site may be more relevant, but 
messages from such "markers" may pose interpretation problems of the 
same kind as we have today for some rune inscriptions. 
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Project KAN-2. 

Management of Radioactive WaBtes from the Cleanup of Large Areas 

Nuclear accidents can cause a wide-scale contamination of the environ
ment. In populated and cultivated areas high contamination levels re
quire cleanup or other reclamation procedures. Cleanup of lare areas 
create huge amounts of radioactive wastes, which have to be disposed 
in a safe manner. 

In urban and agricultural areas, the most voluminous waste will be 
generated by removing tT.ie contaminated surface soil. For example, 
removal of the uppermost 5 cm soil layer creates 50,000 m3 waste per 
km2. if the contamination level is 10 MBq/m2, the activity concentra
tion of the removed soil is 0.2 GBq/m3. other cleanup methods such as 
removing vegetation, firehosing streets and buildings, or sweeping 
streets, also create large amounts of low- and medium-active waste, in 
solid as well as in liquid form. If forest areas have to be decon
taminated, the amounts of waste are still higher, even as higli as 
120,000 m3/km2. 

Prior to final disposal, a part of the cleanup waste may have to be 
solidified or pretreated to facilitate its transportation and disposal. 
Solidification of contaminated soil into concrete, as shown in a study 
of the project, enhances the mobility of radionuclides. However, con
crete may have advantageous properties as a barrier between contaminat
ed and clean soil. All the liquid wastes in which the activity is not 
below the limits for discharge have to be solidified. Dust originating 
from vacuum sweeping have at least to be packed. It may be advantageous 
to let vegetation rot before final disposal. Logs and peat may in 
certain cases be used in power plants as fuel. 

Transportation of waste from contaminated areas to a final disposal 
site depends on the distance. If the waste can be disposed of on the 
contaminated site, bulldozers, scrapers, tractors, and trucks can be 
used. If the disposal site is far away from the contaminated area, 
trucks and trains are the only options. 

Cleanup waste may be disposed of in or near the contaminated areas, 
in small sites, which are either "surface mounds" or "shallow ground 
trenches". Otherwise the waste must be taken to larger centralized 
disposal sites, either natural or engineered. 

In the project, basic information is compiled on the amounts and ac
tivity concentrations of cleanup waste as well as on options for final 
disposal of cleanup waste. This information is needed to improve de
cision making when reclamation measures are considered after nuclear 
accidents. 



Project KAN-3. 

Effects of Climate Changes on a Waste Repository 

CJ imate changes have repeatedly occurred throughout the geological 
history. It is very likely that climate changes (e.g. ice ages, perma
frost, etc.) will occur also during the long future time span (next 
million years) considered for the disposal of high level radioactive 
waste. Future climate changes will not only affect the biosphere but 
also the barriers (e.7. rockmass) provided by the "multibarrier" 
disposal concept. 

The implications of climate change effects are presently addressed in 
several comprehensive Nordic performance assessment studies (the 
Swedish SKI "Project 90" and "SKB 91" as well as the Finnish "TVO 92"). 
The KAN-3 project will evaluate the role of climate changes with re
spect to these studies and identify future needs of knowledge on cli
mate change processes. The Nordic project is strongly coupled to these 
studies. The results gained during the project have been integrated in 
the above mentioned studies, in the scenario analysis of the perform
ance of a repository for spent fuel. 

In the project all known ice ages during the history of the earth have 
been reviewed with special emphasis on the last 2.5 million years. A 
theoretical model of future climate evolution has been presented. This 
model implies that large parts of Scandinavia will be glaciated three 
times in the coming 100,000 years. This information has formed the 
basis when formulating glaciation scenarios. 

Knowledge on irregularities in shore line data is one possible approach 
in identifying and trying to understand postglacial movements along 
faults which might damage a future repository. In this project a com
pilation of shore line data has been performed in Sweden, Norway, and 
to a certain extent in Finland. The same type of database is used in 
all countries. This means that future analyses of shore displacement 
data are substancially easier to perform. The data base has permitted 
the identification of a possible postglacial feature which is now 
investigated in the field. Connected to the analysis of postglacial 
movements is also the ability to conduct direct dating of faults. A 
review and a test of all relevant direct dating techniques on faults 
is currently performed. 

The response of the rock mass to glaciation and thermal loading and 
seismicity has been modelled numerically by a three dimensional 
distinct element code. The fault deformations caused by glaciation are 
significantly influenced by the initial stress conditions. The thermal 
loading and earthquake response cause deformation of faults and are 
likely to influence the groundwater flow. 

The potential significance of permafrost for the behaviour of a reposi
tory has also been analyzed. In general, permafrost can have a major 
influence on the recharge and discharge of groundwater, and could be 
significant in localizing the return of radionuclides to the biosphere. 
Calculations demonstrate that permafrost in theory could develop to 
depths in excess of 500 m. This may have implications on the choice of 
repository depth, which has to be analyzed further. 
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Project RAD-1. 

Competence and environmental radioactivity 

The goal of research in radioecology is to be able to predict the 
pathways of radioactive material in the environment so that doses to 
the population in a certain region can be estimated. There are great 
similarities between some regions of the Nordic countries, for example 
the subarctic areas, as far as the behavior of radioactive fallout is 
concerned. Other areas are quite different e.g. agricultural regions 
in southern Scaninavia. 

The competence in the field of environmental radioactivity has been the 
aim of this project. Education constitutes a basis for providing the 
public, news media, and politicians with adequate information under 
normal and emergency situations. A course in radioecology for Nordic 
students has been held. The lectures are collected in a text book in 
radioecology that will be available int 3rnationally for education in 
this field. This will help to satisfy the need for education in order 
to make students interested in the field and perform relevant research. 

Exchange of students is another way of stimulating collaboration and 
exchange of information. For this purpose a number of students and 
younger researchers have acted as visiting scientists in another Nordic 
laboratory. 

It is essential that measurements made in different countries are com
parable and of equal quality so that joint conclusions can be drawn. 
The data must also be easily available. The quality of analysis has 
therefore been controlled by sending samples to over 20 Nordic labora
tories for analytical determination of radiocesium. In case of a nu
clear accident, air concentrations are of great interest in order to 
follow the initial movement of a radioactive cloud. Therefore, differ
ent air filtration apparatus in the Nordic countries are being cali
brated against each other by sending air-sampling devices to various 
laboratories. 

Measurement of the actual content of radioactivity in man is the only 
true tool for estimating the real dose received. In practice, whole-
body activity measurements can only be performed on selected groups. 
Such measurements can be compared with different models and esti
mations. Instrumentation for wholebody measurement is compared by 
sending a "phantom" with known activity around the Nordic countries. 

The dose to the population in different areas of the Nordic countries 
can be determined if the concentrations in foodstuff are known and the 
amount of foodstuff produced or consumed can be estimated. In the 
project, an evaluation of the total dose to the Nordic population will 
be made, using data from the other projects on radioecology. Finally, 
a comparison with results from the whole-body measurements will be made 
in order to validate models and calculations. 



Project RAD-2. 

Aquatic Radioactivity-

Studies that had been undertaken after the radioactive fallout from 
bomb tests in the 1960ies showed that the concentration af cesium 
remains high for many years in pray fish in clean soft water lakes. It 
is this type of lake that is predominant in the areas in northern 
Scandinavia that were most heavily contaminated after Chernobyl. 

Analyses made short time after the accident showed levels in fish as 
high as 15-000 Bq per kg. Vast amounts of measurements from lakes in 
Finland, Norway and Sweden have been collected following the accident. 
There is a great demand from the authorities in the three countries to 
predict the future cesium content in fish from these regions. 

In this project, the influence of several factors on the cesium concen
tration in fish and their pray is evaluated, such as morphological and 
hydrologicai conditions. It appears that shallow lakes with long turn
over times favour high concentrations in fish. A range for the most 
important parameters involved in the models will be determined so that 
they can be properly adjusted for calculation of cesium concentrations 
in individual lakes. This in turn will lead to a more precise calcu
lation of doses received by the surrounding population due to the in
take of fish. 

As a result, models should be available for prediction of the cesium 
concentration in fish for different types of Nordic lakes. 

In previous Nordic projects, the radionuclide situation in the seas 
surrounding the Nordic countries was studied. Seaweed (Fucus vesiculo-
sus) was analv*':̂  lor its contents of radionuclides. Thus, distribution 
patterns Cid turnover times were illustrated. These Fucus investi
gations were repeated in this project, and it was found that the cesium 
concentration in the Nordic sea basins after Chernobyl are still quite 
high (200-250 Bg per kg) as compared to the values before the accident 
(10 Bq per kg). 

In order to quantify the radiation dose that can be received by the 
population due to consumption af fish from the sea, a number of radio
nuclides were assessed in herring, cod, perc, and char. Also the 
naturally occurring radionuclide polonium-210 will be analysed in some 
species, since its occurrence in fish from Nordic waters is not known 
with precision. 
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Project RAD-3. 

Radioecology of the Agricultural Ecosystem 

If agricultural areas are contaminated by radioactive fallout, the dose 
to the population from the intake of food will depend on a number of 
factors. In particular, the season is important, because it determines 
the uptake of radionuclides in the agricultural system immediately 
after the fallout. 

The uptake of radiocesium from soil to plants varies over the Nordic 
area. The transfer mainly depends on the local ecology, on the type of 
soil, and on the agricultural methods used. In this project, the long-
term fate of radiocesium from the bombtest fallout is compared with 
that from the Chernobyl accident. They appear to behave very similarly. 

It has been shown that the dose received by the population because of 
food production in contaminated agricultural land is dependent special
ly on the time of deposition, transfer of radioactive isotopes in the 
agricultural system, applied agricultural managements methods, long 
term behaviour of important radionuclides, and implementation of 
available countermeasures. Knowledge of these properties is necessary 
when estimating the dose after the Chernobyl accident and in improving 
models for prediction for a new fallout situation. 

Agricultural countermeasures make it possible to reduce activity levels 
in food. Available countermeasures include management methods as well 
as chemical methods. 

In the project, knowledge is put together about such countermeasures, 
their effect, their cost, and their practicality. This will make it 
easier to implement optimized measures in the future. 

After the Chernobyl accident, especially "marginal" and "intensive" 
agricultural ecosystems differed in transfer and long term behaviour 
for radiocesium. The dominating part of the food production in the 
Nordic area takes place in the intensive system, but since the transfer 
of radiocesium may be much higher in the marginal system, this may 
become the main contributor to the dose from food to groups of the 
population in some areas. The transfer of radiocesium in different 
parts of the agricultural system is described, and the importance of 
the marginal system is compared with the rest of the agricultural 
production. 



Project RAD-4. 

Radioecology of Natural Ecosystems 

Important foodstuffs consumed by the population in forest and alpine 
regions in Northern Europe include game meat, mutton, reindeer meat, 
wild berries and mushrooms. In case of a widespread fallout of radio
active material these foodstuffs may become a significant source of 
contamination. Studies of the behaviour of radiocesium from the nuclear 
weapons tests in the 1960ies had demonstrated that its half-life in so-
called "semi-natural" terrestrial systems is much longer than in 
ecological systems that are relevant for food production elsewhere. 

The models used to calculate the uptake of radionuclides such as 
radiocesium, and the parameters involved in calculating the long-term 
behaviour of radionuclides, are being verified using measurements from 
the Chernobyl fallout. In this project information is put together from 
the entire Nordic region about the transfer of radionuclides from soil 
to plants and its further intake by animals. Even though individual 
studies must deal with a variety of species, inhomogeneity and other 
complicating factors, the results are made comparable since all par
ticipants have agreed to use similar sampling and analytical methods. 

Other important mechanisms are also identified, such as uptake of 
radionuclides from the atmosphere by different parts of trees. It is 
found that internal cycling in coniferous trees may explain the high 
retention of radionuclides observed in needles. 

It appears that radiocesium from the Chernobyl fallout behaves similar
ly to fallout from weapons testing, remaining in the uppermost layers 
of soil where it is available to uptake by plants. This may explain the 
continuing contamination of several food chains where berries and mush
rooms are involved. 

As a result of the project, a better concept will be available to de
scribe the transfer of radiocesium in forest and alpine environments, 
and a more realistic view can be obtained on the expected contamination 
of food products from these regions. This will help to identify import
ant pathways to the population so that actions can be planned to avoid 
high doses in case of fallout. 
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Project SIK-1. 

Safety Evaluation 

Over more than ten years, probabilistic safety assessments - PSAs -
have been performed for all sixteen nuclear power plants in the Nordic 
countries. Hereby weak points in the design have been systematically 
identified and subsequently corrected. In this project a concept is 
developed that will help utilities and authorities to use probabilistic 
methods in the follow-up of safety also during operation. The "living" 
PSA concept involves a description of how the original PSA model can 
be updated according to the actual status of the safety related systems 
of the plant. The variation of risk with time is then calculated. It 
can be presented as to indicate the deviation from the risk calculated 
for nominal operation conditions. 

This has helped to make use of information obtained from operation of 
the plant so that factors have been identified that contribute signifi
cantly to the overall risk. The concept can also be applied when main
tenance of safety systems is considered as regards its impact on 
safety. Thus, as a result of a "living" probabilistic safety assess
ment, operational, maintenance or testing practices may be modified. 
The flexibility in operation may also be increased. 

In the future, this concept can benefit from extensive data regarding 
maintenance and incidents, now put together in computerized information 
systems. An existing data base, containing information on incidents, 
has been analyzed and improved to be better suited to reveal potential 
operational problems in the plant systems. These findings would other
wise be hidden in the large amount of incident reports submitted to the 
regulatory body. 

Related tools that are helpful for decisions contributing to safety, 
are "safety indicators". They provide information about actual trends 
and recurrence of operational problems at the plant. In the project 
such operational safety indicators are identified, which will detect 
trends - degrading as well as improving - in the performance of safety 
related systems. Also other items such as safety culture in the organ
ization are considered. An "early warning system" with use of safety 
indicators has been developed by a utility participating in the project 
and subsequently tried out. 

Many factors must be considered prior to decisions concerning complex 
safety related issues, such as proposed modifications of hardware or 
exemptions from the rules in technical specifications. In the project 
it is shown how a more rational basis for such decisions can be provid
ed, if experience of previous behaviour of the plant in fhe form of 
"living" PSA results, observations of the safety indicators, and other 
qualitative or quantitative information are used. A stuctured framework 
that can be used for such a decision making procedure has been defined 
for an actual case - an exemption from technical specifications - and 
it is tried out simultaneously by organizations in Finland and Sweden. 



Project SIK-2. 

Severe Accident Phenomena 

When severe reactor accidents are analysed it is assumed that the 
reactor core is overheated and subsequently melts due to failure of 
the reactor cooling system. Large amounts of radioactive materials 
would be then released from the core. Although previous studies have 
shown that the probability of core damage and the associated risks 
to the public are low for reactors of the types that are in operation 
in the Nordic countries, improvements have been introduced in order 
to mitigate the effects of such accidents, should they occur. 

Research on severe accidents has identified a number of phenomena 
that are important with respect to the progression of an accident and 
its consequences. They include factors influencing the melting of 
the core and its cooling at different stages of the accident. They 
also deal with release of melt from the reactor vessel into the 
containment building, distribution and combustion of hydrogen in the 
containment, interaction between melt and water, and chemical 
phenomena. Also accident management has been identified as an 
important factor. 

The general objective of the project is to improve our understanding 
of some of these issues as well as to provide information and tools 
which can be used in reactor safety work and for further verification 
of accident management strategies. 

For the purpose of analysis of various accident events, a number of 
advanced computer codes are available. In the project, three of these 
codes (MAAP, MELCOR and SCDAP/RELAP5) are compared when they are used 
to calculate the progression of core melt. This will provide 
information about the applicability and limitations of each of the 
codes when they are used for modelling severe accidents. It will also 
provide a comprehensive illustration of the manner in which the 
melting of the core would progress, without and with consideration 
of actions taken to counteract the accident. 

In order to assess the significance for accident progression of 
various chemical phenomena, a computer code ("CHMAAP") is being 
developed, based on the MAAP code. It is intended to model the 
principal chemical phenomena in a more adequate manner. It also 
contains the corresponding databases. 

The behavior of airborne radioactive material (aerosols) formed 
during an accident and carrying radioactive and non-radioactive 
materials, is modelled in different manners in various computer 
codes. The models are reviewed and compared in order to provide 
deeper insight into how the aerosol behavior and transport is treated 
in the codes and what impact the differences may have on the 
predicted release of radioactivity in an accident. 

Finally, an attempt is made to develop a computer-baseJ support 
system for accident management. During normal operation the system 
would assist the operators in the control room in identifying the 
plant status. In accident situations it could be used for predicting 
probable trends in accident progression and in formulating 
appropriate strategies for the management of the accident. 
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Project SIK-3. 

SIK-3. Reactors in Neighbouring countries 

When the Chernobyl accident occurred in 1986, it appeared that knowl
edge available in the Nordic countries especially about the Eastern 
type of reactors was very poor. The lack of information applied to 
technical features, safety related factors, exact location etc., and 
also to the management set-up in the utility and at the regulatory 
authorities. Even in case information was actually available, it was 
difficult to get hold of so that the competent authorities could not 
easily utilize it. 

In this project, information is collected in a systematic way about 
nuclear power plants located close to borders of the Nordic countries. 
The information includes design features and operational practices that 
are significant for plant safety. The data are presented in a uniform 
manner for all the reactors, so that relevant information can easily 
be found in an emergency situation. Examples of infoxmation that is 
provided include maps of site location, plant arrangement, safety 
criteria, comparisons with similar reactor types, organization of the 
authorities, etc. 

For each plant the data are assembled in a report, and they will also 
be available on a PC-database for easy updating. The information in 
these reports can be used for qualitative evaluations, but more ample 
information would be required in order to perform more far-reaching 
probabilistic safety studies. 

The nuclear power plants included in this project are Ignalina, Sosnovy 
Bor, Kola, Greifswald, Stade, Brokdorf, Brunsbiittel, and Krtimmel, all 
located within 100-400 km from the borders of a Nordic country. Ship 
reactors operating in the surrounding seas are also dealt with. 

On basis of the reports, the safety authorities should be able to 
respond to general questions that are related to safety of a particular 
installation. Such questions could come from politicians, public or 
mass media, in case of rumours or real accidents. 

In case of an emergency situation in a plant located in a neighbouring 
country, the data should also help safety authorities in the Nordic 
countries to assess the severity, its possible course and potential 
external consequences, so as to help them when they must consider to 
take actions. 



Reports from the second NKS-programme 1981-85 

REACTOR SAFETY 

* Summary report on Nordic safety research 1981-85 
* PRA uses and techniques - a Nordic perspective 
* Computer codes for small-break loss-of-coolant accidents -
a Nordic assessment 

* Heat transfer correlations in nuclear reactor safety 
calculations 

* Corrosion in the nuclear industry - a Nordic survey 
* Sjøvannsbestandige materialer - kunnskaps-overføring fra 
kjernekraft til offshoreindustrien 

Radioactive waste 

* Management of radioactive waste resulting from nuclear fuel 
damage 

* Long-term properties of bituminized waste products 
* Emnesorienterte prosjektkataloger - en katalysator for nordisk 
samarbeid? 

Human reliability 

* Summary report on the human component in the safety of complex 
systems 

* Human errors in test and maintenance of nuclear power plants 
* Organization for safety 
* Computer aided operation of complex systems 
* The design process and the use of computerized tools in control 
room design 

* Training in diagnostic skills for nuclear power plants 

Radioecology 

* Nordisk radioekologi, en sammanfattning av 4 års nordiskt 
samarbete 

* Towards more realistic assessment of reactor accident 
consequences 

* The sampling and analyzing methods of radionuclides 
used in the Nordic countries for environmental samples 

* Radiological implications of coal and peat utilization in 
the Nordic countries 

* Bioindicator studies in Nordic waters 

Quality assurance 

•Nordisk litteratur om kvalitetsstyrning och kvalitetssystem 

These reports are available from: 
SKI, Waste Department 
POB 27106 
S-102 52 Stockholm 
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Reports from the third NKS-programme 1985-89 

Release of radioactivity from severe reactor accidents 

* Severe accident analysis, a Nordic study of codes 
* Aerosol transport in severe reactor accidents 
* The influence of chemistry on core melt accidents 
* Environmental consequences of releases from large reactor 
accidents 

* The Nordic Chernobyl data base 
* Deposition and removal of radioactive substances in an urban 
area 

Nuclear waste management 

* Aspects on nuclear waste management 
* Geologifrågor i samband med slutforvar av kårnbransle 
* Decommissioning of nuclear reactors 
* Nordiska transporter 
* Kvalitetssakring av transportbehållare for radioaktivt 
material 

* Management of radioactive waste from a major core damage in a 
BWR power plant 

Risk analysis and safety philosophy 

* Risk analysis and safety rationale 
* Optimization of radiation protection at nuclear power plants 
* Natural radiation, nuclear wastes, and chemical pollutants 
* Radioaktivitet i Norden 
* Optimizations of technical specifications by use of 
probabilistic methods 

* Dependencies, human interactions and uncertainties 
* Principles for decisions involving environmental and health 
risks 

Materials research 

* Corrosion in seawater systems 
* Intergranular stress corrosion cracking 
* Crack arrest - additional safety against catastrophic fracture 
* Prevention of catastrophic failure in pressure vessels and 
pipings 

Advanced information technology 

* Information technology for emergency management 

These reports are available from: 
Bjarne Regneli 
IVO 
POB 112 
SF-01601 Vanda 


