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Nordic Nuclear Safety Research (NKS)

organizes joint four-year research programs involving some
300 Nordic scientists and dozens of central authorities,
nuclear facilities and other concerned organizations in five
countries. The aim is to produce practical, easy-to-use
background material for decision makers and help achieve a
better understanding of nuclear issues.

To that end, the results of the fifth four-year NKS program
(1994 - 1997) are herewith presented in a series of final
reports comprising reactor safety, waste management,
radioecology, nuclear emergency preparedness and
information issues. Each report summarizes one of the ten
projects carried out during that period, including the
administrative support and coordination project. A special
Summary Report, with a brief résumé of all ten projects, is
also published. Additional copies of the reports on the
individual projects can be ordered free of charge from the
NKS Secretariat.

The final reports — together with some technical reports and
other material produced during the 1994 - 1997 period -
have been collected on a CD-ROM, also available free of
charge from the NKS Secretariat.
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This is NKS

NKS (Nordic Nuclear Safety Research) is a scientific cooperation program in
nuclear safety, radiation protection and emergency preparedness. Its purpose is to
carry out cost-effective Nordic projects, thus producing research results, exercises,
information, manuals, recommendations, and other types of background material.
This material is to serve decision-makers and other concerned staff members at
authorities, research establishments and enterprises in the nuclear field.

The following major fields of research are presently dealt with: reactor safety,
radioactive waste, radioecology, emergency preparedness and information issues.
A total of nine projects have been carried out in the years 1994 — 1997.

Only projects that are of interest to end-users and financing organizations have
been considered, and the results are intended to be practical, useful and directly
applicable. The main financing organizations are:

The Danish Emergency Management Agency
The Finnish Ministry for Trade and Industry
The Icelandic Radiation Protection Institute
The Norwegian Radiation Protection Authority
The Swedish Nuclear Power Inspectorate and
the Swedish Radiation Protection Institute

Additional financial support has been given by the following organizations:

In Finland: Ministry of the Interior; Imatran Voima Oy (IVO); Teollisuuden
Voima Oy (TVO)

In Norway: Ministry of the Environment

In Sweden: Swedish Rescue Services Board (SRV); Sydkraft AB; Vattenfall AB;
Swedish Nuclear Fuel and Waste Management Co. (SKB); Nuclear Training and
Safety Center (KSU)

To this should be added contributions in kind by several participating organiza-
tions.

NKS expresses its sincere thanks to all financing and participation organizations,

the project managers and all participants for their support and dedicated work,
without which the NKS program and this report would not have been possible.
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Disclaimer

The views expressed in this document remain the responsibility of the authors and
do not necessarily reflect those of NKS.

In particular, neither NKS nor any other organization or body supporting NKS
activities can be held responsible for the material presented in this report.

Abstract

This is a summary report of the NKS research program carried out 1994 — 1997. It
is basically a compilation of the executive summaries of the final reports on the
nine scientific projects carried out during that period. It highlights the conclusions,
recommendations and other results of the projects.

Key words

Reactor safety; severe accidents; radioactive waste; waste disposal; radioecology;
emergency preparedness; information; risk communication; measurements; quality
assurance; models; computer codes.
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RAK-1: Strategy for Reactor Safety

Project leader: Kjell Andersson, Karinta-Konsult

The general objective of the NKS/RAK-1 project was to explore strategies for
reactor safety as applied in Finland and Sweden. On a more concrete level the
project aims were to investigate and evaluate the safety work, to increase realism
and reliability of the safety analysis, and to give ideas for how safety can be im-
proved in selected areas. The project has consisted of five subprojects:

e RAK-1.1 made a survey of safety work in nuclear installations, and addressed
the issue how we can assess the suitability and effectiveness of the safety work

RAK-1.2 tackled the problem of how to improve WASH-1400 values for
LOCA frequencies for pipe ruptures and explored LOCA risk dominating
mechanisms

RAK-1.3 addressed how complex event sequences can be analyzed with new
approaches integrating different disciplines. The concept of Integrated Se-
quence Analysis (ISA) was introduced

RAK-1.4 discussed how we can optimize maintenance and testing with im-
proved maintenance strategies, and developed tools for this purpose

RAK-1.5 was devoted to plant modernization and explored how we can meet up
with modern safety standards

In this summary we briefly introduce some of the observations regarding the safety
work that came out from subprojects 1 and 5, then we summarize other achieve-
ments made in the study.

Some observations regarding the safety work

Subproject 1 made an overview of the safety work in Finland and Sweden and
comparisons between the two countries were made. The subproject report is based
on extensive interview work done at utilities and authorities. Subproject 5 has
explored how the needs for modernization of the plants are dealt with.

The operation of nuclear power plants demands considerably more resources than
was earlier expected. Despite efforts toward increased efficiency, both utilities and
authorities seem to be heavily engaged with work due to reasons such as plant
modernization and plant renovations due to ageing degradation. A combination of
more resources and higher efficiency seems to be the way forward. One factor that
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needs to be taken into account in Sweden is the ongoing decentralization of re-
sponsibilities from the utility headquarters to the reactor sites and the individual
reactor units. Generally, this is judged as a positive development provided the in-
dividual units get the “critical mass” of competence and other resources for key
functions.

The resources and the working efficiency on part of the authorities are also im-
portant issues. There is, e.g., a need to evaluate selective approaches for reviewing
safety-related modifications. There is accordingly a need to consider possible ap-
proaches with regard to increasing the efficiency of inspections and safety reviews
performed by the authorities.

The RAK-1.5 report advises both the utilities and the safety authorities to actively
follow the evolving safety standards for new reactors, e.g., the development of the
European Directives. This is irrespective of whether new reactors are planned or
not, since the new standards may have implications for assessing the safety of the
existing reactors as well.

Some NKS/RAK-1 contributions to reactor safety

The NKS/RAK-1 project has contributed to the development of methods to evalu-
ate and enhance reactor safety in many areas. Here some of the achievements are
summarized.

Initiating event protection

NKS/RAK-1.2 has produced a model that calculates the probability that a given
pipe weld will break due to intergranular stress corrosion (IGSCC). In cases when
IGSCC dominates the LOCA frequencies, which may well be the case especially
for large LOCAs, application of the model has potential to produce PSA results
that are not based on WASH 1400 values, but on actual conditions. Such applica-
tions will be quite resource demanding since they require a much more detailed
modelling of the pipe systems than is usually done in PSA. Furthermore, data will
be needed on material data and loading for individual welds. The effort, however,
will not just give new PSA results but also data for decisions on risk based in-
service inspection.

The approach of probabilistic fracture mechanics needs to be further developed
and, above all, applied in real PSA applications. Finally it must be emphasized that
an increasing cooperation between PSA experts and fracture mechanics experts is
of utmost importance for better estimations of LOCA frequencies.



Integrated sequence analysis

Development and application of methodologies for integrated sequence analysis
(ISA) has been a major effort in NKS/RAK-1. There were several reasons for this:

e Problems with the traditional PSA/HRA approach with respect to human per-
formance

e The dynamic evolution of disturbances with interaction between the technical
and the human systems in a plant

e A need for feedback from the safety analysis to control room personnel and
emergency operating procedures

The project started with methodological surveys that gave a basis for the NKS
work. Different methodologies were then tested on four sequences with much of
human interaction. The work gave many results and experiences of value for future
work in the area. The tested methods showed capability for important contribu-
tions, e.g.,

Structured frameworks for integration between PSA and behavioral sciences
Improved PSA for certain sequences

“Control room PSA”

Improved knowledge about cognitive factors related to procedures
Feedback to operator training

Increased understanding of risks associated with maintenance outages

Use of simulators for event analysis

The NKS project has lead to initialization of a Concerted Action within the Nu-
clear Fission Safety Program of the European Union. The Concerted Action, in

which Sweden, Finland and Norway participate from the Nordic countries, will

considerably widen the perspective of methods compared to the NKS project.

Maintenance
Subproject 4 has contributed to the further development of maintenance programs
by:

e Exploring the status of maintenance strategies and mapping needs for devel-
opment in Finland and Sweden

e Development of a maintenance data information system (ReIDAT).The system
was first installed at the Barsebéck plant in Sweden



e Testing tools for decision analysis with respect to maintenance programs
e Bringing insights into the important issue of human errors in maintenance

It is believed that the NKS/RAK-1 contributions will be of value when the utilities
develop their programs for reliability centered maintenance.

The future

Utilities and authorities should now evaluate NKS/RAK-1 achievements in order
to see how they can be implemented in the safety programs. The active utility par-
ticipation in the project as well as the organization with a coordinating group with
representatives from both utilities and authorities should give good prerequisites
for this.

The NKS/RAK-1work has highlighted the need for more research and develop-

ment in a number of areas: evaluation of complicated programs (such as nuclear
safety); application of basic sciences in PSA; evaluation of LOCA frequencies;

methods and tools for integrated sequence analysis; and further development of
maintenance strategies.



RAK-2: Prevention of Severe Reactor Accidents

Project leader: Ilona Lindholm, VI'T Energy

The RAK-2 project comprised three research areas:

RAK-2.1  Studies of the consequences of selected severe accident scenarios and
phenomena in Nordic nuclear reactors

RAK-2.2  Development and testing of a computerized accident management
support system (CAMS)

RAK-2.3  Data collection on different mobile reactors and the British reactor
types for extension of the Nordic database started in the previous NKS
program covering the reactors in Nordic close neighborhood

The severe accident phenomenology part of the project focused on studying in-
vessel melt progression and core coolability at various stages of a severe accident.

The first subtask was the investigation of core coolability in the original core
boundary. The performed analyses suggest that fuel damage can be prevented, if
core reflooding is started before the core temperature rises above 1800 K, even
with as low an injection capacity as 45 kg/s. If water injection is initiated later,
some fuel damage will be inevitable due to excessive heat release from metal oxi-
dation. Performed analyses also showed that the core spray is more efficient in
cooling of an overheated core than downcomer injection. Furthermore, on the ba-
sis of performed code calculations a small time window exists, where a large por-
tion of the core is without absorber material while the fuel is still in an intact ge-
ometry. If reflooding is started during this time interval, the BWR is likely to

reach recriticality.

The work with reflooding was succeeded by the evaluation of recriticality issues.
The investigations showed that the fission power peak related to recriticality is
strongly dependent on coolant injection rate, becoming higher with increasing the
water injection rate. The performed Nordic calculations suggest that the first
prompt power peak can be high (several times the nominal power) but has a short
duration (the effective energy release is less than one full-power-second). The
scoping studies for containment response to recriticality suggest that a stabilized
power level of 20 % of the nominal power would be too high for prevention of
containment failure with the current safety systems.



The project successfully initiated the development of computational tools for as-
sessment of recriticality in BWRs and thus laid a foundation for continued work in
the field in the framework of the EU SARA project in 1997 — 1998.

If core degradation proceeds to the so-called late phase, where core melt migrates
into the lower head, the performed studies suggest that the RPV failure in an ABB
type of BWR most likely occurs due to instrument tube nozzle failure. If the core
debris is first fragmented and quenched during the fall through the deep water pool
in the lower head, as predicted by the MELCOR/BH code, the instrument tube
failure takes place at about 1 h after the lower head dryout. This is significantly
later than with the assumption of instrument tubes being embedded in a homoge-
neous melt pool, where instrument nozzles were calculated to fail in less than one
minute from the contact. However, these studies did not address in detail the core
melt discharge out of the pressure vessel and the possible blocking of instrument
tubes by refrozen debris. In such a case the RPV failure may take place later via a
local creep rupture. Large differences exist in the code predictions (MAAP,
MELCOR) for timing of local creep rupture, especially in the low pressure cases.

In the high pressure cases the code predictions agreed better, suggesting that a
local creep rupture occurs 1 — 3 hours from the lower head dryout.

The coolability of debris in the lower head by late reflooding was also predicted
differently by the integral codes: MELCOR predicted that the metallic debris is
not likely to be coolable by late reflooding due to effective oxidation in the rubble
bed, whereas MAAP generally predicted more favorable results for coolability,
largely due to assumed efficient heat transfer in a gap formed between the lower
head wall and the debris bed.

Debris behavior in the lower head was investigated also at the Royal Institute of
Technology (Kungliga Tekniska Hogskolan, KTH). A 2-D numerical model was
developed to address the heat transfer phenomena in a homogeneous, hemispheri-
cal melt pool. The developed model was applied to a reference BWR case to as-
sess the lower head failure due to wall ablation (ignoring the possible struc-
tural/creep loading), with the result that with typical Nordic BWR initial and
boundary conditions the ablation failure would occur in 2 — 5 hours. Also, the

lower head hole ablation issue was studied by performing simulant material tests
and by developing numerical models. The investigations supported the observation
of fast hole growth and the 2-D character of the hole growth process.



The fourth topic that was addressed in RAK-2.1 was the effects of High Pressure
Melt Ejection (HPME) on the containment. The performed numerical analyses
suggest that the pedestal and the drywell will experience a pressure spike of up to
8 bar during the first minute of the HPME. Even more damaging to the contain-
ment penetrations may be the high gas temperatures in the containment; the pre-
dicted drywell gas temperatures were 800 — 1000 K. High gas temperatures are
caused by release of highly superheated steam and by oxidation of metals in the
discharged debris. Particularly the MELCOR/BH model predicts that the debris
that is ejected through the failed instrument penetrations would have a very high
metal content. In these studies the possible fuel coolant interaction issues were not
addressed.

However, KTH also performed some analytical work on fuel-coolant interaction
related issues. Results of the investigations suggest that the reason for rare occur-
rence of steam explosions with oxidic melt is the “toughness” or capability to re-
sist fast fragmentation of a mushy patrticle. It is characteristic to oxidic melts to
have a wider temperature range for the mushy region than metallic melts.

The source term analyses for Swedish PWRs with a mechanistic code combination
were initiated in the RAK-2.1 project. This study was especially challenging con-
sidering the limited time frame available to complete it in the last year of the four-
year period of the RAK-2 project. The work is still underway at the end of the
RAK-2 project and will be continued with national financial resources. However,
input files for Ringhals 2 for all needed computer codes were prepared and initial
fission product inventories were calculated and primary circuit thermohydraulic

and fission product analyses were started.

The second subproject of RAK-2 was the development and testing of a Comput-
erized Accident Management System (CAMS). CAMS is a system that will pro-
vide support in normal states as well as in accident states. Support is offered in
identification of the plant state, in assessment of the future development of the
accident, and in planning of accident mitigation strategies. It does not give support
in execution of the chosen mitigation strategy.

CAMS consists of a data acquisition module (DA), a signal-validation module

(SV), a tracking simulator (TS), a predictive simulator (PS), a state-identification
module (SI), a probabilistic safety assessment module (PSA), and a man-machine
interface module (MMI). The work of these modules is coordinated by a module
called the system manager (SM). In addition, there are the strategy generator (SG)
and the critical function monitor (CFM); these two are not integrated into the pres-
ent version of CAMS.



The first phase of the project (1992 — 1994), focused mainly on the following
tasks:

¢ information needs during normal and accident conditions in an NPP
¢ methods that can be successfully applied to a CAMS system
¢ MMI and human factors requirements.

The Swedish Nuclear Inspectorate kindly accepted to test CAMS at a safety exer-
cise on May 4, 1995. CAMS is designed assuming automatic data transfer from
the plant. Missing the data link, a simulator running in the next room was updated
now and then with data received over the phone. As seen from CAMS, it did not
matter if the data came from a fake plant or from a real plant, except that the data
were delayed. In general, it seemed that CAMS can be a useful tool for a national
authority. A data link from the plant would increase the usefulness. Several com-
ments on design features were collected, and will be used to improve the system.

The main purpose of the second phase of the project was to test the system in a

simulated environment, to verify that the many developed functions, using differ-

ent techniques, can work together producing the desired result in an efficient way:

e Develop and integrate modules like the Tracking Simulator, Signal Validation,
State Identification, PSA, and Predictive Simulator. Evaluate how each task is
performed, and identify advantages and drawbacks in the methods used.

¢ Design a functional structure able to coordinate and synchronize the activities
that take place in all above-listed modules. The overall output of the CAMS
system should then be able to satisfy the information needs.

¢ Design and test an appropriate user interface for different kinds of users, with
different needs and knowledge.

During the CAMS design, considerable effort has been made to maintain the gen-
erality of the CAMS concept; although the referenced process has so far been a
BWR plant, the use of this structure and design can be applied to other processes,
including non-nuclear processes. An important feature of the system, in this re-
spect, is that all the functions or modules are completely independent of each other
and that modules can be removed, added or changed without affecting the rest of
the system. Moreover, the external tools here used (APROS, GPS, Picasso-3, etc.)
are just plugged into CAMS, so that other tools can be easily used, depending on
the application. This solution is also in line with the “testing platform” concept

cited above, where the need to test different solutions for a single module within
the general CAMS framework (with other functions turned off) can be anticipated.

The third subproject of RAK-2 dealt with the investigation, collection, arrange-

ment and evaluation of data of reactors in the Nordic neighborhood to be used by
the Nordic nuclear preparedness and safety authorities.
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The subproject was an extension of the previous NKS project SIK-3 (1990 —
1993), where data of selected reactors in Germany, Lithuania and Russia were
collected. Thus, reactors in Great Britain have been included as well as satellite
reactors. Extensive data reports were issued on each British reactor type: AGR,
FBR, Magnox and PWR. In addition to normal nuclear power plants, data was
collected on mobile reactors, including satellite reactors and submarine and ship
reactors. Accidents on nuclear ships were also addressed. The descriptions of the
mobile reactors were published as NKS/RAK-2 reports.

A computerized database has been prepared of nuclear power plants neighboring
the Nordic countries. The objective of the database is to have easy access to the

main data of the nuclear power stations neighboring the Nordic countries - mostly
to be used by the nuclear safety authorities in case of an emergency situation.

This database includes the nuclear power plants covered in the SIK-3 project, i.e.,
plants within about 150 km distance from the border of a Nordic country, and the
nuclear power plants in Great Britain.

The database is developed under Microsoft Access and can be easily implemented
in various existing information systems. Currently, it is planned to be included in
the information system under development by the Danish Nuclear Emergency
Management Agency.

11



AFA-1: Safety in Waste Disposal
Project leader: Karin Brodén, Studsvik RadWaste

General

During 1994 — 1997 a project on the disposal of radioactive waste was carried out
as part of the NKS program. The objective of the project was to give authorities
and waste producers in the Nordic countries background material for determina-
tions about the management and disposal of radioactive waste. The project was
called NKS/AFA-1. It was divided into three subprojects: AFA-1.1, AFA-1.2 and
AFA-1.3. AFA-1.1 dealt with waste characterization, AFA-1.2 dealt with perform-
ance assessment for repositories and AFA-1.3 dealt with Environmental Impact
Assessment (EIA). The studies mainly focused on the management of long-lived
low and intermediate level radioactive waste from research, hospitals and industry.

Representatives from all Nordic countries have participated in each of the sub-
projects. Most of the work has been performed in a broad group of experts. This
has contributed to a better understanding of the waste situation in the different
countries and has also made it possible to learn from each other. Furthermore, in
some cases it has contributed to common recommendations.

Waste characterization (AFA-1.1)

The AFA-1.1 study included an overview of waste categories in the Nordic coun-
tries and methods to determine or estimate the waste content. New available meth-
ods were presented based on answers to questionnaires that were sent out to sup-
pliers.

The study also includes recommendations regarding the characterization of waste
under treatment and the characterization of existing and old waste packages. It is
advisable to, if possible, obtain information concerning waste under treatment.
Classification of the waste according to physical and chemical composition is also
most simply achieved during the treatment. However, when radioactive waste is
handled, the dose rate measurement should be the first precaution prior to any
other procedures. Reference nuclides can sometimes be used for estimations on
isotopes which are difficult to measure.

New regulations for the inventory of a repository may demand new assessments of
old radioactive waste packages. The existing documentation of a waste package is
then the primary information source although additional measurements may be
necessary.

12



Performance analysis (AFA-1.2)

The AFA-1.2 project dealt with the performance assessment of the engineered
barrier system (near-field) of the repositories for low- and intermediate-level ra-
dioactive waste. The topic intentionally excluded the discussion of the characteris-
tics of the geological host medium. Therefore, a more generic discussion of the
features of performance assessment was possible independent of the fact that dif-
ferent host media are considered in the Nordic countries.

The results from the AFA-1.2 study include a short overview of different waste
management systems existing and planned in the Nordic countries. However, the
main emphasis of the study was a general discussion of methodologies developed
and employed for performance assessments of waste repositories. Some of the
phenomena and interactions relevant for generic types of repository were dis-
cussed as well. Among the different approaches for the development of scenarios
for safety and performance assessments one particular method, the Rock Engi-
neering System (RES), was chosen to be tested by demonstration. The possible
interactions and their safety significance were discussed, employing a simplified
and generic Nordic repository system as the reference system.

A short review of performance assessments carried out in the Nordic countries for
actual projects concerning repositories for low- and intermediate-level waste was
also included in the study.

Environmental impact assessment (AFA-1.3)

The results from the AFA-1.3 study include information on similarities and differ-
ences between the EIA in the Nordic countries and also a review of experiences
from EIA in the countries, both within the nuclear field and outside the nuclear
field.

The system for environmental impact assessment (EIA) in a country depends on
the legislative structure, the application of legislation, administrative practice and
general social objectives. It is therefore natural that the EIA systems differ from
country to country, even if the directives of the European Community and interna-
tionally accepted principles are adopted. There are e.g. differences in the objec-
tives for the EIA systems in the Nordic countries. The EIA system in Denmark
must provide a guarantee that a specific assessment of environmental conse-
quences for certain projects has been carried out at the level of the planning of site
use. Emphasis should be placedon public participation and an open decision proc-
ess. The EIA systems in Finland, Iceland and Norway must guarantee that a special
assessment of environmental consequences has been carried out for certain proj-
ects. Emphasis should be placed on project planning and public participation. The
EIA system in Sweden shall give the authorities a basis for assessment of the effect
on environment, health, safety and general interests in accordance with the Swed-

13



ish Act on the Management of Natural Resources for a broad spectrum of projects.
Differences can also be found regarding responsibilities for the Environmental
Impact Statement (EIS). The proponent of the project is responsible for the EIS in
Finland, Iceland, Norway and Sweden. The authority is responsible for the EIS in
Denmark.

14



EKO-1: Marine Radioecology

Project leader: Sigurour Emil Palsson, Geislavarnir
rikisins

In the original project plan for the NKS / EKO-1 project it was stated that:
The main aim of this project is to enable better and faster assessments to
be made of the effects of releases of radionuclides to the marine environ-
ment, taking health and economic factors into account.
The last sentence reflects that policy makers often need to consider sources which
are of relatively minor importance as health risks, but which can be of consider-
able concern for the public (and thus have a major effect on society, e.g. economi-
cally).

Assessments are generally based on models describing the main processes influ-
encing the behavior of the radionuclides. In the marine ecosystem these main proc-
esses are:

1. water movement and mixing

2. sediment-water interaction

3. biological transfer (e.g. the uptake of radionuclides by fish)

Of these processes the interaction of sediments with water has been studied rela-
tively less than the other main processes. It was therefore decided to focus the
EKO-1 project work on radionuclides in sediments and water, and the interaction
between them. Various site specific factors can affect this interaction, e.g. sedi-
mentation rates. The ability of the sediment to bind radionuclides from sea water is
also an important factor. This is described by the distribution coefficient (Kg)
which gives the ratio of concentration of the radionuclide in sediments to that in
water.

The EKO-1 project work was planned as follows:
1. Model work - Identifying, estimating and validating parameters of main interest
2. Research
2a) Field studies:
2al) Environments typical for various Nordic regions
2a2) Environments with special physical or chemical characteristics
2b) Laboratory studies
3. Dissemination of information - Seminars, reports, articles

In the project work emphasis was also put on other aspects viewed to be important
for the aim of the project:

e Quality assurance

e Use of internet technology for more efficient dissemination of information

15



e Maintaining a link with the related work done within NKS/EKO-2.3 on fresh-
water ecosystems

e Following what was being done internationally in a similar field and avoiding
duplicate work

e Supporting developments of plans for a Nordic course on radioecology.

Increased Nordic competence and cooperation in marine radioecology

Maybe the most important outcome of the EKO-1 project is the increased Nordic
competence and cooperation in marine radioecology, especially concerning the
interaction of radionuclides with sediments. Only some of the Nordic countries
had previously conducted their own research in this field and there had never been
any joint Nordic research or compilation of sedimentation rates and levels of *’Cs
and 2*"*°Pu in sediments. The quality of the research done is manifested in the
scientific articles that have been published as a result of the project work. Fur-
thermore the EKO-1 project work has formed the basis for one Ph.D. thesis fin-
ished in April 1997 and another will be finished in 1998. Two M.Sc. theses have
also been finished based on the project work.

Model are a very important tool for assessing the (real or possible) consequences
of releases of radionuclides to the environment. The most valuable resource for the
decision maker are however the scientists who know the models and the parame-
ters, and who know what can be predicted and with what accuracy. Every model,
however good, needs a skilled interpreter.

Model studies

The EKO-1 project supported models studies for the Baltic Sea area and the long
term effects of reactors dumped in the Kara Sea and from the Komsomolets sub-
marine.

The model studies have shown that the collective dose to year 2050 to the popula-
tion around the Baltic Sea is around 1400 manSv from Chernobyl fallout, 700
manSv from nuclear weapons fallout and 200 manSv from European reprocessing.
Other sources such as nuclear installations contribute much less (1 manSv). The
man-made radionuclides are however dwarfed by natural radionuclides such as Po-
210, which gives 20000 manSv for the same period.

Model studies were also used to estimate the long term effects of the marine reac-

tors dumped in the Kara Sea by the former Soviet Union. The collective dose to
the world population truncated at 10000 years give a total dose of about 1 manSv.
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The effects of possible releases from the Komsomolets submarine were investi-
gated using model studies. The calculation of the dose was truncated after 1000
years. The total collective dose due to ingestion of seafood was estimated at 8
mansSv.

Additionally the reliability of the model was tested by comparions with measured
values, sensitivity analysis and parameter uncertainty analysis. The analysis of
uncertainty of collective doses showed that the predicted variability of the collec-
tive dose from dumping in Arctic waters is two orders of magnitude. Thus the
collective dose quoted earlier is predicted at a level of 1 manSv and not to exceed
100 manSv.

Laboratory studies

The laboratory studies have helped to gain a better understanding of the water-
sediment interaction process. They showed a variation in the distribution coeffi-
cient (K4) with e.g. sediment type and salinity. The variation due to sediment types
was an order of magnitude and the same types of sediments showed values of K4
that were up to two orders of magnitude higher in freshwater than seawater. This
implies that e.g. floods moving contaminated sediments from freshwater systems
to the sea could cause release of radionuclides from the sediments. The results
from the laboratory studies are also important for model work where K4 is an im-
portant parameter. The studies provide a better understanding and quantification of
the variability that can be expected in this important parameter.

Field studies

The field studies were divided into two main categories:

1. Environments with special physical or chemical characteristics (emphasis on
processes)

2. Environments typical for various Nordic regions (emphasis on regional char-
acteristics)

Environments with special physical or chemical characteristics
(process studies)

The process studies focused mainly on the behavior of plutonium in sediments and
its interaction with water. For 20 years there have been speculations about the
possible remobilization of plutonium from sediments, but until now it had not been
proven that it takes place. Special attention has been paid to possible releases un-
der anoxic (oxygen deficient) conditions. Poor ventilation and organic releases
causes anoxic conditions in considerable parts of the near bottom water in the Bal-
tic Sea (about 19% of the total area). This situation can also occur in bays and
fjords of Skagerak and Kattegat. A study at Framvaren Fjord, Norway, was the
first to prove that remobilization is occurring and a model explaining the behavior
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of the plutonium was also constructed. The model fits well with the observed data.
The indication is that permanent anoxic conditions must persist for many years
with little or no water renewal in order to produce suitable conditions for actinide
mobilization from sediments. The behavior of plutonium under anoxic conditions
was also the subject of a study in Hastholmsfjérden Bay, Finland. Radionuclides
from the Loviisa Nuclear Power Plant enter this bay, which becomes anoxic during
part of the year. Remobilization of plutonium or caesium from the sediments to
water could not be detected. This is however in agreement with the results of the
study at Framvaren Bay which showed that the anoxic conditions must prevail for
a long time for the remobilization to occur. Plutonium can be transported by rivers
to the marine ecosystem. A study of the processes in the mixing zone between
fresh water and sea water was carried out at the mouth of the Kalix river, northern
Sweden, where it flows into the Baltic Sea. Laminated sediments and suspended
matter collected in the estuary of the Kalix river shows that the input of plutonium
to the Baltic Sea from river runoff at present is of rather small importance but may
in the long term perspective become one of the more important sources as the resi-
dence time of plutonium in the Baltic Sea water column is much shorter than the
residence time in the river drainage basins. Drainage basins containing large per-
centage of mire and wetland will be of particular importance.

Environments typical for various Nordic regions (regional characteristics)

Field studies were carried out in various areas of concern for the Nordic countries.
The study area spanned from Thule on the west coast of Greenland to the Arctic
Seas north of Siberia. The Baltic Sea was included and parts of the Atlantic Ocean.
In most cases the distribution in sediments of various radionuclides was deter-
mined as well as sedimentation rate and distribution coefficient (K4). The studies
helped to determine site specific parameters for the different areas. They also
showed that the sedimentation rate could not in some cases be correctly deter-
mined by using just one method. In one study there was an extensive comparison
of the different methods in the Baltic Sea. None of the methods was judged suit-
able for routine use and no systematic difference between methods could be seen.
More than one method should be used whenever possible.

An investigation in the arctic seas gives no indication of any large extra sources
for anthropogenic activity besides the well known fallout from atmospheric nu-
clear bombs test, discharges from European reprocessing plants and the Chernobyl
accident releases. However smaller or local contributions from e.g. the dumped
nuclear material in the Kara Sea and releases by the Siberian rivers from Russian
nuclear facilities are not possible to exclude in this investigation.
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Quality assurance

Quality assurance has been an important ingredient in the EKO-1 project work.
Emphasis was put on the following two factors:

a)  Sampling
b)  Analysis

The design of a sediment sampler can have a crucial effect upon the results. A
sampler that is well suited for certain conditions (or a certain type of study) might
be less suitable in other conditions. A survey was made of the samplers in use and
a report was written listing the results and discussing the advantages and disad-
vantages of each type of samplers.

An intercomparison was organized amongst Nordic laboratories participating in
the NKS EKO projects. A few additional laboratories were invited to join (in-
cluding some in the Baltic States). Two types of samples were sent to the partici-
pating laboratories for analysis, and the results were then compared, evaluated and
the findings were published in a report. The results showed that many laboratories
did not show satisfactory results (according to criteria described in the published
report). This was especially true concerning the analysis of beta emitting radionu-
clides. The study showed also that the analysis of gamma emitting radionuclides
such as Cs-137 can be improved considerably. Work on improving quality in
gamma spectrometry has subsequently been taken up in the NKS EKO-3.2 project.

The EKO-1 seminars

Another important factor in increasing the Nordic competence in this field have
been the EKO-1 seminars. Radioecology is a multi-disciplinary field. Much of the
work done is related to work done on stable nuclides. The EKO-1 seminars have
therefore been used to bring together on one hand participants in the EKO-1 proj-
ect and other Nordic experts in radioecology and on the other hand Nordic experts
in related fields and other international experts. During the project period two
seminars have been held dealing with issues which were considered to be of major
relevance for the project work:
o Kristineberg September 20th - 21st, 1995, Sedimentation processes
e Helsinki April 2-3, 1997, Dating of sediments and determination of sedimen-
tation rate
Many of those who have participated in the EKO-1 project work have commented
that for them personally these seminars were the most important aspects of the
EKO-1 work.
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Use of internet technology for the dissemination of information

The project period 1994-1997 has seen an explosive growth in the use of internet
technology. The EKO-1 project has tried to make use of the increasing opportuni-
ties the Internet offers. Texts have been distributed within the EKO-1 work group,
and World Wide Web (WWW) pages have been set up.

Contacts with the Baltic States

The Baltic States were invited to participate in the EKO-1 intercomparison for
laboratory measurements. Subsequently most of the laboratories also participated
in EKO-3.2 work on quality assurance in laboratory measurements. The partici-
pating laboratories have expressed their pleasure with being able to participate in
this NKS work and expressed a wish for some form of continuation. The partici-
pation of the Baltic States in the EKO-1 intercomparison did not require any NKS
funding.

Recommendations

The funding that the NKS provided for work in the current period was very valu-
able, even though it only covered part of the project cost. It provided the necessary
stimulus to turn work in each of the participating countries into a joint Nordic un-
dertaking. The EKO-1 project has resulted in that the Nordic countries are now in
a much better position than before to assess the short and long term effects of ra-
dionuclides that have been (or might be) released and incorporated into sediments.
The individual countries can now continue their own work within this field.

Marine radioactivity continues to provide topics of concern for the Nordic coun-
tries. The Baltic Sea is an important source of food for many of the Nordic coun-
tries. Even though the individual doses resulting from the consumption of sea food
from the Baltic Sea are relatively low, they can nevertheless be considerable com-
pared to other doses caused by man-made radionuclides. In Denmark the major
part of doses to humans from man-made radionuclides comes from sea food caught
in the Baltic Sea.

A project focusing on the Baltic Sea would be of considerable relevance for the
Nordic countries. The project could also be linked with studies concerned with the
short and long term effect of runoff from the catchment area and into the Baltic
Sea.

Recently there has been considerable public concern in the Nordic countries over
the possible effects of the increased release of *Tc from Sellafield. It is important
for authorities in the Nordic countries to be able to make an assessment of the ef-
fect of this release. Furthermore the *Tc pulse can be a very useful tracer for
studying processes in the Atlantic Ocean, the Arctic seas and the Baltic Sea.
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The NKS has made a major contribution to the maintenance of competence in the
field of environmental radioactivity in the Nordic countries. But it has also been an
important factor in the build-up of competence. As a part of the previous project
period (1990-1993) a course on radioecology was held in 1991 at Lund, Sweden.
Many of the students from that course have been active participants in the work
within EKO-1 and EKO-2 in the present period. Now a new course has been
scheduled for the spring of 1998. Support from the NKS for this course and other
activities strengthening the build-up of competence would be valuable.

The Nordic countries have established a culture of cooperating together in a very
close and informal manner. The NKS has created a network of competent people
in the field of marine radioactivity in the Nordic countries. Other forms of interna-
tional cooperation and projects cannot replace this network. It is important that
work on marine radioactivity will continue to be supported by the NKS. Otherwise
it would be much more difficult to deal with many issues of concern for the Nordic
population in the marine environment, especially in case of a sudden release of
radionuclides to the environment.
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EKO-2: Long Ecological Half-Lives in Semi-Natural
Systems

Project leader: Tone D. Bergan, Institute for Energy
Technology (IFE)

Foodstuffs from semi-natural areas, such as uncultivated pastures, mountain areas
and uplands account for a considerable portion of intake of radiocesium and ra-
diostrontium, and thus the dose to man. Products from intensive agricultural pro-
duction show short half-lives, so as time after a radioactive fallout increases, food-
stuffs such as mushroom, game and freshwater fish become dominant with respect
to intake of radionuclides.

Within this EKO-2 project three problem areas have been chosen; sheep grazing
on uncultivated pasture, the influence of mushroom, and freswater fish. The main
aim has been to identify the contribution from semi-natural systems, by determin-
ing ecological half-lives for specific foodstuffs from these areas, and thus deter-
mine dose to man. By incorporating these half-lives into existing models, we can
decrease the uncertainties in dose calculations. In a fallout situation it is possible
to quickly develop a picture of possible consequences, and implement appropriate
countermeasures.

In the ongoing projects we have produced or compiled data for 8-11 years after the
Chernobyl accident. The time series have been necessary for predicting ecological
half-lives. Within this project period, we have demonstrated that the time depend-
ent levels of radionuclides in foodstuffs from the selected areas are not well de-
scribed by any “ecological half-life”. As time increases, so do the half-lives.

The recovery of Nordic ecosystems from contamination by radiocesium originat-
ing from the Chernobyl accident is gradually slowing down, at the same time as
areas vary widely in susceptibility and recovery rates. Accordingly, ecological
half-lives are gradually increasing and cannot be treated as constants, over neither
time nor space. Although is has not been easy to determine simple or general eco-
logical half-lives, the projects have given us useful understanding of the mecha-
nisms governing the transfer of radionuclides, and more knowledge about typical
Nordic ecosystems.

The sheep project

The soil — vegetation — sheep — system has been studied in five countries; Iceland,
The Faroe Islands, Denmark, Sweden and Norway. Co-ordinated sampling started
in 1990 and has been continued up until 1997. Large differences in transfer are
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found, and by studying the production intensity, biomass production, climatic con-
ditions, the presence of mushrooms, intake of soil and experimental studies of
stable elements in the soil, we have been able to explain some of the differences.
Since soil represents an important reservoir for radionuclides in the terrestrial sys-
tem, the soil characteristics have been the most important factor for the different
transfer factors that we have observed in the different grazing areas.

The forest project

Little attention has been paid to the consumption of food products from the forest
system, such as wild berries, mushrooms, freshwater fish and game. A question-
naire has therefore been performed, with focus on consumption of wild berries and
mushrooms, and surveys performed in Denmark, Finland, Norway and Sweden. In
Sweden up to 25 GBq of radiocesium yearly is transferred to man via mushrooms.

Mushrooms also plays an important role in the uptake of radiocesium by vegeta-
tion at higher levels, and is probably the cause for radiocesium being easily avail-
able for a long time. Most animals show strongly increasing levels of radiocesium
when mushrooms are available in August-September, and roe deer are among the
largest consumers of mushroom. Up to 20-30% of the paunch content is mushroom
in this period.

Limnic systems: Ecological half-lives in Nordic lakes

The significance of this consumption as a contributor to the internal doses of "*’Cs
to man was demonstrated in previous NKS-projects. The main aim of the project
has been to investigate the processes and mechanisms leading to radiocesium being
easily available for uptake in fish. A Nordic map has been developed, containing
descriptions of fallout, limnic data (such as water quality, size, water transport),
radiocesium levels in freshwater fish and water, as well as runoff from surrounding
areas. Resuspension of sedimented radiocesium, along with runoff from catchment
area, have been shown to be important sources for biological uptake, and thus the
dominating factor contributing to long ecological half-lives in freshwater fish.

Under the assumption that the future decrease will be mainly governed by physical
decay, the infinite time-integrated activity can be approximated to 10 to 20 kBg/kg
per year, which then would give a significant contribution to critical groups. It is
thus important to follow the time development of *’Cs in fish, and the controlling
factors of critical catchments and lakes.

Conclusions

Semi-natural systems are becoming increasingly more important with time when it
comes to transfer of radionuclides to man. Ecological half-lives are increasing with
time.
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EKO-3: Preparedness Strategy and Procedures

Project leader: Jens Hovgaard, Danish Emergency
Management Agency (DEMA)

The overall objective of the project was to assist Nordic authorities in improving
their emergency response and international cooperation in selected issues. The
project was divided into four subprojects, namely mobile measurements, quality
assurance in sampling and analysis, operational intervention levels and interven-
tion issues in agriculture and food chains.

The results from the RESUMED9S5 exercise on mobile measurements demonstrated
the excellent capability of the airborne teams. Of the ten airborne teams, eight
were able to deliver caesium-137 maps very soon after the surveys were com-
pleted, in some cases within a few hours. In general, the caesium deposition maps
from the airborne and carborne teams showed the same spatial features but with
some variation in absolute levels. Most of the observed differences can be attrib-
uted to differences in calibration methodology and spatial attributes of the various
measuring techniques. It was found that accurate flight-path navigation and soft-
ware for presentation and analysis played an important role in the search for hid-
den sources. The lessons learned from RESUMEDYS indicate a need for further
operational exercises in which a number of specific problems should be addressed.
These include the calibration and repeatability of the equipment as well as the field
of view of the various systems. Influence of positional errors is also an important
aspect when comparing the results from a variety of systems. Problems such as
these should be considered in design of the exercise and choice of the areas to be
surveyed.

With regard to quality assurance in sampling and analysis, the project provided an
up-to-date picture of the state-of-the-art in gamma-ray spectrometry in the Nordic
countries. The problems were identified and solutions suggested. One of the im-
provements needed was to develop access to software for gamma spectrometric
analysis, which is able to make efficiency corrections for variable heights and den-
sities. A manual was produced for one such program, which has been available to
laboratories free of charge. Software intercomparison showed that considerable
differences occur among programs in their quality of peak area estimates. It also
showed that the user can be a significant factor. Thus, it is important to continue
quality assurance work.

It is important, however, to specify the requirements in accuracy and precision in
analyses and measurements specifically for emergency situations. Sufficiently
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reliable information must be produced even if the likely shortage of time and ca-
pacity in emergency situations would not allow the highest possible standard.

A survey of measurement geometries in use in the Nordic countries revealed the
wide variety of sample containers used. The differences in shape and size are inci-
dental, and the requirements regarding the containers are basically the same for
most laboratories. Several advantages were identified in having the same geome-
tries; e.g. easier intercalibration, more reliable supply of sample containers and
possibility of exchanging samples in emergency situations. It is therefore recom-
mended that agreement be adopted on a few of these containers as reference con-
tainers. Another recommendation is that Nordic laboratories participate in ongoing
international work on standardization of sample containers.

An intercalibration exercise was also carried out for whole-body measurements,
which has already led some laboratories to improve their calibrations. Such exer-
cises are seen as particularly important for those laboratories doing part-time
whole-body counting. An outline for a quality manual and a technical manual were
also prepared.

With regard to the accreditation of gamma laboratories, the work resulted in clari-
fying the process of accreditation to the participants, but implementation of ac-
creditation remains the task of the institutes, however, it is important to maintain
Nordic contacts during the process, because this may save effort.

Since the problem of long-term data storage is not unique for radiological data, the
conclusion was to recommend that trends in information technology be carefully
monitored. Some recommendations are given for possible formatting and reporting
of data by referring to an internationally used system.

Operational intervention levels were treated within a probabilistic framework in
which only a few basic facts concerning the accident are known and any detail
about the accident is treated as unknown information at the time of decision mak-
ing. The probabilistic approach developed offers a method for characterising the
uncertainties in the efficiency of early intervention measures. Such a probabilistic
safety assessment is a prerequisite for optimization, both with respect to the plan-
ning and the implementation of emergency countermeasures.

In order to investigate the consequences of the probabilistic approach, OILs for
sheltering were determined for typical scenarios associated with severe reactor
accidents. Values were found to be an order of magnitude larger than those
adopted in present day emergency planing. However, the OILs were evaluated in a
simplified setting and the results presented should primarily be considered an il-
lustration of the probabilistic method.
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The recommendation, based on the present study, is that operational intervention
levels are defined within a probabilistic framework. In this framework, an opti-
mized operational intervention level is given as the measurement value, for which
the average avertable dose is equal to the (generic) intervention level. Furthermore,
it is recommended that the probabilistic approach be developed as a tool for opti-
mising existing and future measuring strategies. This may involve optimising the
type and number of measurements and the time scheme for deployment of mobile
measurement units.

Agricultural measures during the alert phase, such as activities needed on farms
because of deposition and activities needed in animal husbandry in case of
evacuation of the population brought up many questions on the pros and cons that
must be considered when deciding on agricultural countermeasures. Deliberations
clearly showed that many differences are present among the Nordic countries re-
garding the agricultural situation, and that too hasty conclusions about harmoniza-
tion of countermeasures should be avoided.

Cooperation between the radiation protection community and the agricultural and
food community was necessary and very fruitful. Creating a solid information base
as well as education/training and preparation of a joint Nordic handbook are es-
sential elements in the continuation of such cooperation and further development
of preparedness. A satisfactory preparedness to act should already exist in the alert
phase.

It is essential that agricultural and food authorities have the ambition to develop an
adaptable preparedness organization, that can implement the necessary measures in
a quick and efficient manner. Knowledge of alternative measures and their conse-
quences is a prerequisite for efficient and timely implementation of these meas-
ures.

A forum should exist in which agricultural and food experts, who are part of the
preparedness organization, have the opportunity to exchange views with radiation
protection people on the problems that occur and the effect and applicability of
various consequence-limiting countermeasures. A manual should be available in
every country for the areas of agriculture and foodstuffs, that concentrates not only
on alarm routines and measures that increase preparedness, but also sheds light on
consequences and possible countermeasures and gives enough basic knowledge to
adapt the countermeasures to the prevailing situation.
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EKO-4: Emergency Preparedness Exercises and
Information

Project leader: Eldri Naadland, Norwegian Radiation
Protection Authority

The objectives of the project

The objectives of the EKO-4 project have been to contribute to competence devel-
opment of personnel in emergency organisations, draw attention to and further
develop contingency plans for nuclear accidents, contribute to joint professional
evaluations and co-ordination between the Nordic countries and improve the un-
derstanding of various types of action and decisions taken in neighbouring coun-
tries through joint Nordic exercises and an improved system of exchange of infor-
mation and data between the Nordic countries.

Exercises are arranged frequently in order to validate plans and procedures. How-
ever, no joint contingency plans exist between the Nordic countries. The basis for
the Nordic exercises is inter alia agreements regarding early notification and ex-
change of information, and acknowledgement that we can better develop the nu-
clear emergency preparedness in the event of the occurrence of a nuclear accident
jointly rather than singly.

Exercises are recognised by the fact that they is scenario-based activities each
having a different scope, and containing three phases: planning, execution and
evaluation. The activity can be executed in real time or independent of time. Exer-
cises require resources at all phases, and arranging joint Nordic exercises can be
cost effective.

Implementation of the results of an exercise is not regarded as being part of the
exercise, and implementation of the exercise results have therefore not been an
objective of this project.

Activities during the project period

During the project period 1994-1997, several functional exercises or activities
similar to exercises have been arranged within the different professional areas:
e evaluation of accidents/analysis of the source term (seminar, 1997)
atmospheric dispersion (exercises and seminars, 1995 and 1996)

dose calculation (exercise and seminar, 1995)

clean-up actions in an urban environment (decision conference, 1995)
information exercise in connection with RESUMED95 (exercise, 1995)
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After the series of functional exercises, a large-scale exercise was arranged in
which Nordic objectives were linked to the international exercise INEX-2-FIN
(arranged by OECD/NEA).

Parallel to the exercises, work has been ongoing with charting the requirements of
different groups for tools for scenario development, as well as what tools are
available, because the planning phase of an exercise usually requires large re-
sources.

The work with the proposal for a Nordic system for exchange of data and informa-
tion has been ongoing independent of the exercise activity.

Results

The results of the different exercise activities coincide in part. This is positive,
because it is the different groups which have participated in exercises in different
areas and conclusions which coincide are useful as a joint lift in the continuing
work with nuclear emergency preparedness. The conclusions are summarised be-
low, together with concrete examples from some of the exercises:

o There is a requirement for further development of methods and tools. Com-
parison of atmospheric dispersion models have already been carried out several
times in the Nordic countries, but areas which need improvement can still be
identified, inter alia work can still be done on the uncertainty of the models.
The exercise with dose calculation showed that the tools which are in use are so
different that it is difficult to compare the results, and a harmonised further de-
velopment is desirable. Where evaluation of accidents and source term is con-
cerned, the tools are still not completely developed, but exchange of informa-
tion about the tools which are available was useful both for countries with nu-
clear power, and the other Nordic countries. Such exchange of information can
also contribute to harmonisation in the development work.

e There is a requirement for further development of systems for communica-
tion and exchange of information. After INEX-2-FIN, the large exercise, it
was recommended that a more detailed study be performed of the different
channels of communication in order to chart more efficiently how they can be
utilised. During the decision conference on clean-up actions in an urban envi-
ronment, the need for good communication between experts and decision-
makers was pointed out, while the information exercise focussed on the need
for communication between experts, information staffs and the media. In this
project a proposal was also prepared for a Nordic system of exchange of data
and information. Work with further developing such systems in the Nordic
countries can be based on this proposal and similar work which is ongoing in-
ternationally.
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There is a requirement to work more with the content of the information
which is exchanged. A joint format for presentation of the results of the at-
mospheric dispersion models had already been proposed in the previous NKS
period, but this format was not implemented. This work can be continued. As
regards evaluation of accidents and source term, there is a requirement to work
with what type of information concerning the status at the plant and assessment
of source term which is, and ought to be, exchanged and at what point in time.
This was also a lesson learned from INEX-2-FIN, where it was pointed out that
work should be continued with what type of information which should be ex-
changed at any time («key information»).

As regards the more methodic aspects of arranging exercises, some results can
be obtained and areas for follow-up suggested on the basis of the activities
which have been ongoing in the project, inter alia:

When planning exercises, scenarios must be developed. Different groups have
different requirements as regards details included in the scenario, and this ought
to be elucidated upon in order to evaluate if one should allocate more resources
for development of tools such that exercise scenarios can be more easily gener-
ated. A survey conducted in this project showed that a range of tools are avail-
able and that the present technical potential is probably not utilised.

There is a risk involved with exercises, and one must ensure that the security of
the plant and safety of personnel is not weakened by exercises. There is also a
risk involved with exercise scenarios since these can contribute to generating
myths in the contingency planning work. It looks as though there is a tendency
in Nordic exercises to choose scenarios with very serious consequences. Sce-
narios should not contribute to creating myths regarding what type of situation
an organisation should be able to handle, which groups need exercises, etc.
Neither should the choice of scenario contribute to experiences from exercises
being uncritically used as objectives and strategies for contingency planning if
the establishment of such objectives and strategies was not the object of the ex-
ercise. For example, no conclusions can be drawn as to what type of informa-
tion exchange is desirable or possible in an early phase of an accident on the
basis of what type of information exchange one achieved in a given scenario.

At present there is no clear terminology or strategy linked to exercises in the
Nordic countries. There is a requirement for further development of joint ter-
minology and methodology for exercises. Further work with development of
scenarios has already been mentioned, but there is also a requirement to look at
how both accomplishment (for example further development regarding the use
of decision-making conferences) and evaluation of exercises which can be
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made more efficient. In addition, there is a requirement to see how experiences
from exercises can effectively be implemented in planning and in organisations.

Conclusion

The exercises which are carried out during the project period have provided useful
knowledge and many proposals for the further development of nuclear emergency
preparedness in many different professional areas, both nationally and jointly in
the Nordic countries. However, there appears to be a requirement to develop more
long-term plans and strategies for Nordic contingency planning and Nordic exer-
cises, as well as a greater awareness of what is an appropriate exercise format to
achieve a given objective. This can contribute to reduce costs and optimise the
benefits of the exercises which are arranged.

Exercises can be regarded as a means to develop, harmonise and validate plans,
procedures and tools, but work with exercises can also be regarded as an objective
in the sense that it can contribute to optimise the use of resources allocated for
exercises. Increased awareness of inter alia these problems will be advantageous
to continuing work with Nordic exercises. Increased awareness will also be able to
contribute to practice makes perfect.
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EKO-5: Preplanning of Early Clean-Up
Project leader: Thomas Ulvsand, FOA NBC-skydd

If there is a nuclear plant accident within or outside the Nordic countries, releasing
radioactive matter causing a nuclear fallout situation in some of our Nordic coun-
tries, clean-up actions will probably be considered. When and if such actions are to
be taken and performed, the outcome will be dependent on how well they are pre-
pared. This is especially important when considering the early actions, because
there will be limited time available for preparations, which in addition are to be
carried out under severe stress.

The purpose of the work in EKO-5 has been to work out guidelines to be used in
the planning of early clean-up actions, i.e. actions which have to be taken during
the first three weeks in order to be meaningful. The work is only considering ac-
tions reducing doses from external radiation in inhabited areas.

The target group of this document is mainly those persons who are in charge of
making plans for the actions taken in the case of a radioactive release, persons
found on different levels in the preparedness organizations in each country.

Within the project a base report has been prepared, NKS/EKO-5 (96) 18, which is
useful to experts in their work to support decision makers.

The work has extracted seven actions which can be regarded as early: hosing of
roofs, walls and paved areas, lawn mowing, pruning of trees and bushes, removal
of snow and vacuum cleaning of streets. For a reference deposition of 1 MBq/m?
of *'Cs, calculations have been performed in five urban or suburban environments
such as detached wooden or brick houses, semi-detached houses, terrace houses
and city center multi-storey houses. In the case of dry or wet deposition, the docu-
ment describes the expected effects of the various actions and the practical, eco-
nomical and protective-relevant consequenses generated by them. Even if it is hard
to find a good motive for initiating clean-up actions removing short-lived nuclides,
as for example "', they still have to be considered in a work like this. In the early
phase, when the relevant actions are to be performed, these nuclides will contrib-
ute with an external gamma dose to the persons involved in the clean-up. Those
doses can be considerable, up to ten times the dose coming from the long-lived
7Cs, which is the main target of the actions.

In NKS/EKO-5 (96) 18 the expected effects © Immediate averaged total dose rate
reduction in the area’ and ‘Averaged total accumulated life time dose reduction
over 70 years’ have been calculated. It also gives the ‘Averaged total accumulated
life time dose to the people’ which would be the result if no actions whatever were

31



taken. In the guidelines resulting from this work, the reduction of life time dose
has been considered as the relevant parameter.

The actions giving the largest effects, measured as reduction in life time dose re-
duction, are lawn mowing, removal of snow and pruning of trees and bushes. The
averted life time dose can for example be estimated to about 100 mSv in a single
family wooden house area, for the chosen reference deposition of 1 MBq/m?, if the
lawns are mowed and the grass cut is removed. With the exception of hosing, the
clean-up actions will generate amounts of waste which has to be handled and de-
posited in a acceptable way.

The document finally discusses clean-up actions and their effects on the rural liv-
ing environments. The relevant actions will be the same as those taken in the urban
areas, but there is a difference in the performance. In urban areas, the actions will
to a great extent be managed and performed by efforts of the society. In rural areas,
on the contrary, there are the equipment and experience needed on the single
farms, resulting in the inhabitants’ ability and will to perform the recommended
early clean-up actions themselves. These actions can be expected to give about a
half of the accumulated three weeks dose, compared to the situation where no ac-
tions whatever are taken.

The document ends with the guidelines, describing the 44 considered cases which
are directed to the planners. The guidelines are presented as tables, with headings
as follows:

House |Expected | Staffing Equip- | Practicability, | Protec- |Influences
type effects and costs | ment and | waste tion on other
costs procedures
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SAM-4: Overriding Information Issues

Project leader: Vibeke Hein, Danish Emergency
Management Agency (DEMA)

An Information Project - Why?

In the Nordic countries it was, above all, the Chernobyl disaster that opened the
eyes of the responsible authorities to the fact that preparedness is not merely a
question of technical skill, measuring instruments and results. Suddenly one was
faced with a tremendous information task. Information was given to the popula-
tion. Sometimes this was not the merit of the authorities. Sometimes the experts
took upon them to answer the population’s questions - at the expense of work they
should have carried out, as technical experts.

When the first hectic months had passed, there was no doubt that the information
task was one of the areas that had to be looked into - also in a Nordic context. For
part of the experience from these months had to do with the confusion that can
arise when diverse measures are implemented in dense geographic areas without
anyone being able to explain why.

In October 1988 a seminar was held under Nordic auspices and attended by repre-
sentatives of the authorities and by journalists. The purpose was to discuss how to
improve the handling of information to the public next time it was called for. This
became the foundation of a significant and fruitful Nordic cooperation on how to
provide the public with the best possible information regarding nuclear questions.
In the following years similar seminars were arranged.

During the project period 1990 — 1993 an information project was launched to
cater for those aspects of the information task that could not be sufficiently clari-
fied at the seminars. It included, among other aspects, a joint Nordic information
strategy, the preparation of a joint Nordic basic material on nuclear topics for the
purpose of the quite simple information, as well as the compilation of existing
Nordic information material - so as to gain inspiration and avoid duplication of
work.

In connection with the 1994 — 1997 project period another information project was
proposed. Initially, it came to naught. But the heads of information of the Nordic
authorities found the need for a new project so pressing that they maintained the
initiative, and at the semi-annual review of ongoing projects the project was tabled
again, and it now found the financial support that permitted it to be launched.
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SAM-4, Overriding Information Issues, has consisted of ten sub-projects that focus
on four subject areas:

How to inform about a difficult subject in a modern society

How to provide advance information

How to inform when the accident has occurred

How to inform about NKS and its projects

These are some of the crucial subjects that the Nordic authorities have to consider

and decide on. This may be done nationally - but the result will be better if you do

it together!

How to inform about a difficult subject in a modern society

Nuclear energy, radiation protection, nuclear safety, nuclear preparedness are
words that seem strange or perhaps even frightening to most people. At the same
time, the quantity of information on all sorts of subjects is steadily increasing. It is
not hard to imagine that there is a need to identify the best channels and means of
communication.

This identification of how information can be provided in the future and through

which channels - and the target groups one should focus on - is a massive and im-
portant job which can appropriately be carried out in cooperation among the Nor-
dic countries.

In November 1996 a seminar was held with Dutch experts. Since the mid-1980's
work has been going on in the Netherlands to systematize experience on crisis
management in connection with disasters. It is a characteristic feature that the
population - in the Netherlands as well as in the Nordic countries - expects a high
level of safety, security and service, and that a modern society is seriously affected
even by simple, uncomplicated events.

In the coming NKS project period an effort will be made to make allowance for the
work of mapping out the material, the target groups, and the channels which the
Nordic authorities will henceforth be using in the information work.

How to provide advance information

Until something has happened, it can be exceedingly difficult to penetrate the
enormous amount of information. It is particularly difficult when the subject is
one, which many people consider difficult, inaccessible, and perhaps not very per-
sonally relevant. Nevertheless, it is highly important that there should be some
people who know the subject intimately - before something big and serious hap-
pens. This is so because misunderstandings regarding difficult, technical matters
are more apt to arise under hectic conditions. Even if the public had thorough
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knowledge of the subject, there would be a need to communicate precautionary
measures in an emergency. For this the authorities depend on the media.

If the dialogue between the authorities and the media/journalists is to be fruitful, it
is necessary that the authorities can express themselves clearly, and that the jour-
nalists have advance knowledge enabling them to ask the right questions. Neither
of these capabilities can be established on the day of a serious, acute situation. It is
therefore of paramount importance that the media/journalists be given an opportu-
nity to familiarize themselves with the subject matter. It is in the interest of the
authorities to provide details within their own area of responsibility in order to
clarify terms of reference.

It appeared from a survey with questionnaires made in 1996 that journalists prefer
such transfer of knowledge to occur outside the day-to-day routines. Therefore, the
NKS information project has initiated arrangements lasting a couple of days during
the last project period. This included a seminar on the occasion of the 10th anni-
versary of the Chernobyl disaster, and a study tour focusing on the problems in the
northern part of Scandinavia brought about by installations on the Kola Peninsula.

The authorities’ immediate possibility to inform the citizens continues to be cov-
ered in the traditional manner by means of brochures, videos, and home pages. In
order to promote widespread Nordic knowledge of the authorities’ information
material, a previously compiled list of such material has been revised and updated.
The list serves to inspire, rationalize and coordinate Nordic information material
from responsible authorities - there is no point in re-inventing the wheel. Also, for
the first time in the history of NKS, an overall list has been drawn up of all project
reports - so that it is possible to get an impression of the existing sources of infor-
mation.

How to inform when the accident has occurred

In 1996 — 1997 there have been no significant accidents at nuclear power stations
in our hemisphere. Therefore, no opportunity has presented itself to test the infor-
mation preparedness in connection with a really major event. On the other hand,
two nuclear preparedness exercises have been held on an international level; all the
Nordic countries took part in them.

The first exercise, INEX-2-CH, took place in November 1996 and was hosted by
Switzerland as scene of the accident, which did not develop very far. This sparked
a certain exchange of information among the Nordic countries, primarily concern-
ing precautions, restrictions on travelling, etc. The heads of information tried to
use e-mail, with moderate success, as a mode of communication. It always proves
difficult to place a large amount of direct telephone calls during a hectic process;
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therefore, the electronic mode of communication can appropriately be used. Much
information should be exchanged as quickly as possible: countermeasures and the
reasons for them, forecasts as to the trend of the accident, etc.

The other exercise, INEX-2-FIN, in April 1997, was hosted by Finland, and all the
Nordic countries took an active part already in the planning phase, in that special
Nordic components and criteria were introduced during the progress of the exer-
cise. One of these Nordic components focused on information.

During exercises it is usual to have some sort of media participation. In addition to
the “ordinary” information play, it had been decided to exert a uniform Nordic
media pressure on the decision-making authorities. This was brought about by
means of journalists nationally dispatched to the scene of the accident, from where
they would report home from press conferences, etc. This entailed a pressure as
regards time for the responsible authorities, which, especially during the early
phases of the exercise, had not yet received the corresponding details from the
Finnish authorities. As this is a very realistic situation, it provided important
training for all those who are to formulate their thoughts in the process.

It is important to allow experts and journalists to exercise together, so that they can
learn each other’s language and needs. Besides, exercises are instrumental in doing
away with myths and in preventing that they arise. The first messages are often
those that serve to “dimension” the disaster in the minds of the people, and it is
therefore highly important that the words used cannot be misunderstood.

How to inform about NKS and its projects

The Nordic cooperation on nuclear matters is of long standing and has proven its
raison d’étre through the results of many projects. But there are few outside the
circle of participants who have any knowledge of the work being carried out.
Therefore, it was decided that an NKS information policy or an NKS communica-
tion strategy should be formulated. This has been done; and it now reads,

“The internal and external communication of NKS must contribute effectively to
the fulfilment of the objectives of NKS. Through open, active and correct infor-
mation it must confirm the image of NKS as a competent organization. Communi-
cation within and outside the NKS group must lead to proper knowledge of the
Nordic cooperation and of the results of its activities - so that the results will be
useful in practice.”

“Information about the work and results of NKS can be disseminated through tech-

nical reports, scientific articles, popular summaries, brochures, homepages, semi-
nars, etc., and through participation in international cooperation. Knowledge of
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particularly interesting results should be disseminated through press releases. The
media should be invited to attend presentations that are deemed to be of interest to
the public.”

In addition, the external image is strengthened by means of an overall graphic pro-
file for all NKS publications. A proposal has been drawn up for the new graphic
profile, but for practical reasons it cannot be implemented until the next project
period (1998 —2001). To provide inspiration for the information task a seminar
was held in Stockholm, October 1997, for project leaders and project participants.
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RAK-1: Strategi for reaktorsikerhet
Projektledare: Kjell Andersson, Karinta-Konsult

Denna rapport sammanfattar resultaten fran projektet Strategier for
Reaktorsikerhet, NKS/RAK-1, som bedrivits inom det program for nordisk
karnsdkerhetsforskning som organiserats av NKS under aren 1994-97.

Malet med projektet, som det formulerades av NKS, var att "utreda hur en till-
riacklig sdkerhetsniva kan uppnés i den praktiska verksamheten och vilka krav detta
stéller pa de strategier och metoder som anvands". Pé projektniva oversattes detta
till mer konkreta malsattningar: att kartldgga och virdera sdkerhetsprogrammet, att
oka sdkerhetsanalysens realism och trovérdighet, och att 6ka sdkerheten med
insatser inom utvalda omraden. Projektet har bestatt av delprojekt inom fem
omréden:

RAK-1.1: Kartlaggning och virdering av sdkerhetsarbetet

RAK-1.2: Inledande héndelser - bestdmning av frekvenser for rorbrott
RAK-1.3: Integrerad sekvensanalys - specifikt minskligt felhandlande
RAK-1.4: Underhallsstrategier och aldring

RAK-1.5: Andringsarbeten, renovering och fornyelse

For projektet fanns en samordningsgrupp med representanter fran projektets
"avndmare" pa kraftbolag och myndigheter. Denna grupp fungerade ocksa som
styrgrupp for delprojekt 3. Organisationen i ovrigt har anpassats efter de olika
delprojektens innehdll, behov av styrning och insyn fran kraftbolag och
myndigheter och i Ovrigt sé att arbetet skulle kunna bedrivas sa effektivt som
mojligt. Appendix 1 redogor for projektets organisation, och Appendix 2 ger en
lista pa de rapporter som framstéllts inom projektets ram. Hir sammanfattas forst
nagra observationer gillande sdkerhetsarbetet i allménhet som framkommit inom
delprojekten 1 och 5, sedan arbetet inom delprojekten 2, 3 och 4.

Utvirdering av sikerhetsarbetet

Det ursprungliga forslaget till delprojekt 1 baserades pa en modell dér samhallets
overgripande sékerhetsmal successivt avsitter sig i mer detaljerade mal for att till
slut avspegla sig i det konkreta sékerhetsarbete man gor pa kraftverken. Det gillde
i stora drag att kartligga och vérdera de aktiviteter som ér till for att kontrollera
dels om konstruktionsforutséttningarna stir i 6verensstimmelse med mélen och
dels om anldggningarna uppfyller dessa specifikationer. Det skall betonas att
delprojektet inte bara handlade om sédkerhetsarbetet pd anldggningarna utan ocksa
om myndigheternas funktion i sammanhanget. Parallellt med delprojekt 1 gjordes
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inom delprojekt 5 en sérskild insats betrdffande dndringsarbeten och
modernisering.

Arbetet bedrevs i stor utstrickning med intervjuer pa kraftverk och myndigheter.
Ocksé danska och norska representanter deltog i arbetet och 1 intervjuerna pa
myndigheter och kraftbolag, vilket for deras del bedémdes som en effektiv form
for insyn 1 sékerhetsarbetet. Hér diskuteras nagra av de iakttagelser som gjordes
inom delprojekten 1 och 5.

Sékerhetsarbetet har med tiden kommit att bli mer resurskrévande 4n vad som
tidigare forutsdgs. Huvudsakliga orsaker till detta &r modernisering och renovering
i kombination med sérskilda insatser for att dokumentera de befintliga
anldggningarna. NKS/RAK-1 rekommenderar fortsatta insatser for att effektivisera
arbetet i kombination med tillskott av resurser for att mota detta problem. Detta
giller bade kraftbolag och myndigheter.

I Sverige pagér en dkad decentralisering av sékerhetsarbetet sa att allt storre ansvar
laggs pa reaktoranléiggningarna och dven pé de enskilda reaktorblocken. Detta
beddms i huvudsak som en positiv utveckling under forutséttning att ansvariga
enheter ges en “kritisk massa” av kompetens och resurser for nyckelfunktioner.

Rapporten frin NKS/RAK-1.5 rekommenderar bade kraftbolag och myndigheter
att aktivt folja den utveckling av sékerhetskrav som sker, inte minst inom EU, med
avseende pa nya reaktorkoncept. Denna utveckling kan ha stor betydelse ocksé for
befintliga reaktorer.

Utveckling av sikerheten inom valda omriden

Frekvenser for LOCA

Delprojekt 2 har behandlat frégor avseende bestdmning av frekvenser for
inledande héndelser som kan leda till forlust av kylmedel, LOCA (Loss Of Coolant
Accident). Specifikt har delprojektet tagit fram en modell som beréknar sannolik-
heten for rorbrott beroende péa spanningskorrosion, IGSCC (InterGranular Stress
Corrosion Cracking), som bedoms vara den effekt som har storst betydelse for
stora rorbrott. Tillimpning av modellen 1 PSA bor dérfor kunna ge béttre sannolik-
heter for LOCA &n vad som traditionellt tillimpas. Nuvarande vérden har i stort
sett varit oférdndrade sedan WASH 1400 studien (den s.k. Rasmussenrapporten).

Tillampning i PSA kommer dock att bli resurskridvande beroende pa att
rorsystemen dé maste beskrivas mycket mer i detalj 4n vad som hittills &r vanligt i
PSA och data kommer att behdvas for enskilda svetsfogar. Resultaten kommer
emellertid ocksé att kunna anvéndas for att styra provning av rorsystem pa
kraftverken. Det dr viktigt att fa sddan typ av information sé att provningen skall
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kunna goras rationellt utifrén en samlad riskbeddmning. Den modell som
utvecklats behover data bl.a. om effektiviteten hos oforstorande provning.
Modeller for detta har ocksé tagits fram inom projektet.

Modellen for rérbrott behdver utvecklas vidare, men nu framfor allt tilldimpas pé
verkliga rorsystem. Det méste betonas att fortsatta framsteg inom detta omrade ar
beroende pé dkat samarbete mellan PSA-specialister och materialexperter.

Integrerad sekvensanalys

Detta delprojekt tillkom fran ett behov av 6kad samverkan mellan olika discipliner
for att analysera sekvenser som kan leda till allvarliga tillstdnd med avseende pa
sdkerheten. Grundlaggande orsaker bakom detta behov r:

e Problem med traditionella sannolikhetsbaserade metoder med avseende pé
ménsklig tillforlitlighet

e Dynamiken i den hidndelseutveckling som kan ske efter en inledande héndelse
aterspeglas inte i PSA

e Behov av aterkoppling fran sikerhetsanalysen till driften av kraftverken,
géllande operatorsingripanden och haveriinstruktioner

Inom delprojekt 3 genomfordes forst en inventering av metoder for integrerad
analys. Avsikten var att gora en relativt bred genomgéng av metoder och erfaren-
heter fran integrerade analyser. Saledes omfattade inventeringen ocksa metoder
utanfor ramen for vad som brukar betecknas HRA ("Human Reliability Analysis”).
Efter metod-genomgéngen testades olika analysmetoder pa fyra utvalda sekvenser:

LOCA under avstillning (BWR)

Kall évertryckning (BWR)

Tubbrott i anggenerator (PWR)

Stord signalbild i kontrollrummet (BWR)

el S

De fyra sekvenserna tacker tillsammans ett brett spektrum av handelseforlopp och
olika metoder har anvants for att analysera dem. Sekvenserna 2 och 3 ger de storsta
mojligheterna till att integrera metoder mellan olika discipliner genom att de
innefattar manga olika aspekter (PSA, termohydraulik, ménskligt felhandlande
mm), medan sekvenserna 1 och 4 ir mer specifika. A andra sidan fokuserar de
senare pa sdrskilda problem av generell natur som svara beslutssituationer i
kontrollrummet (sekvens 4) och fel i administrativa rutiner (sekvens 1). Resultat
fran analyserna bor darfor vara av generellt varde. Sammanfattningsvis har
framsteg gjorts fraimst inom foljande omraden:
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Strukturerad metodik for samverkan mellan PSA och beteendevetenskap

Mer realistisk PSA for sekvenserna

”Kontrollrums-PSA”

Kunskaper om kognitiva faktorer i hanteringen av sekvenserna (s.k. kognitiva
profiler”)

Aterkoppling till operatorstriining

e Okade insikter om riskerna vid avstillning

¢ Anvindning av simulatorer for sekvensanalyser

Arbetet har ocksé bidragit till 6kad samverkan och forstaelse mellan tekniska
analytiker och beteendevetare.

Strategier for underhall

Delprojekt 4 har haft som mal att virdera och utveckla metoder for underhall. I en
inledande fas sammanstélldes och vérderades kunskap om metoder for underhéll
av sikerhetsrelaterade system som finns inom och utanfor kdrnkraftbranschen.
Delprojektet har vidare utvecklat ett system (RelDAT) for att analysera och
presentera information fran olika centrala och lokala underhallsdatabaser.
Beroende pa anvéndare finns manga olika behov att presentera data, och RelDAT
kan anpassa sig till detta. Mjukvarusystemet finns nu fardigt for anvandning och
har redan installerats, bl.a. i Barseback.

Ett annat moment i delprojektet har varit att analysera rapporter om ménskliga fel i
underhallsarbete. Den framtagna metodiken for detta har visat sig mycket
anvéndbar for att identifiera vilka typer av del som kan uppsta. En mojlig framtida
uppgift kan vara att systematiskt anvinda sddan metodik for att fa data till PSA-
analyser. | brist pa erfarenhetsbaserade data utnyttjades expertbedomningar for
detta i delprojekt 3.

Att utforma strategier for underhall innehaller manga olika aspekter som sékerhet,
tillforlitlighet och ekonomi. Delprojektet har funnit att det finns behov av, men
ocksé goda majligheter till, framsteg inom detta omrade. Bland annat har
beslutsanalys testats i detta sammanhang. I ett vidare perspektiv har delprojektet
visat pa en strukturerad metodik for tillforlitlighetsbaserat underhall.

Fortsatt arbete

NKS/RAK-1 har utvecklat och provat metoder inom en rad omrdden som
bestdmning av frekvenser for rorbrott, integrerad sekvensanalys och underhall.
Resultat och metoder behover dock i manga fall testas ytterligare och framfor allt
tillaimpas i det dagliga sékerhetsarbetet. Kraftbolagens och myndigheternas aktiva
deltagande i de olika delprojekten och i projektets samordningsgrupp bor ge goda
forutsittningar for detta.
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Mycket av arbetet inom projektet har vilat pa principen om aterkoppling som en
grundsten i allt sékerhetsarbete. En verksamhet som inte ger aterkoppling ar inte
effektiv och &ndamaélsenlig. Figuren pé nésta sida illustrerar aterkopplings-
principen nér det giller PSA-verksamheten. Data for PSA maste ocksé ge direkt
aterkoppling till driftpersonalen. Projektet har kunna bidra till att stirka sddan
aterkoppling inom ett antal omraden, som:

e Samverkan mellan probabilistisk analys av rorbrott och provning av rérsystem
e Samverkan mellan integrerad sékerhetsanalys och arbete i kontrollrum
e Samverkan mellan tillforlitlighetsdatabaser och underhallsstrategier

Delar av det arbete som bedrivs med syfte att hdja sékerheten har inte denna éter-
koppling tillrackligt tydligt uttalad for berdrd personal. Férhoppningsvis har
NKS/RAK-1 bidragit till en positiv utveckling i detta avseende.

Projektets rekommendationer géller ocksé fortsatt forsknings- och utvecklings-
arbete inom ett antal omradden: metodik for att utvirdera komplexa program (som
t.ex. reaktorsikerhet), tillimpning av resultat fran grundforskning i PSA,
bestdmning av frekvenser for LOCA, metoder for integrerad sekvensanalys och
utveckling av underhéllsarbetet.
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RAK-2: Sikerhet mot utslapp vid reaktorhaverier
Projektledare: Ilona Lindholm, VIT Energy

RAK-2 omfattade foljande tre forskningsomraden:

RAK-2.1  Forskning om foljderna av svara haverier i nordiska
karnkraftreaktorer for vissa utvalda sekvenser och fenomen.

RAK-2.2  Utveckling och uttestning av ett datorbaserat operatérsstodsystem for
haverihantering (CAMS = Computerized Accident Management
Support).

RAK-2.3 Insamlande av information for olika mobila reaktorer och
reaktortyper som finns i Storbritannien for komplettering av tidigare
databas som tagits fram inom NKS for reaktorer i nordiskt
naromrade.

Forskningen om svara haverier i RAK-2.1 var framst inriktad pa hardsmaltforlopp
i reaktortanken och pa majligheter att kyla hardsmaltan under olika faser av
haveri-forloppet. Arbetet var uppdelat pa fem olika delprojekt.

| det forsta delprojektet studerades hur en dverhettad reaktorhard kan kylas inuti
reaktortanken ifall kylvatten ater blir tillgangligt. Analyserna visade att
bransleskador kan forhindras om aterflodning av reaktorharden borjar innan
maximitemperaturen stiger éver 1800 K, dven med sa lagt kylfode som 45 kg/s.
Om vatteninmatningen startar senare 6kar bransleskadorna genom accelererad
metalloxidation som bidrar till varmeutvecklingen. Berakningarna visade att
strilning av harden uppifrén gav effektivare kylning, an da vattnet matades till
fallspalten. Ett annat resultat var att det tar en viss tid mellan det att styrstavar och
branslestavar smalter, d v s man kan fa ett "tidsfonster" under vilket man har en
styrstavsfri, men i dvrigt intakt branslehard. Risk finns da att aterkriticitet kan
intraffa ifall aterflodning fas inom detta tidsfonster.

Aterflodningsstudien féljdes darfér av en analys av aterkriticitet med hjalp av

olika koder for reaktorkinetikberakningar. Resultaten visade att man vid
aterflodning i en BWR kan fa aterkriticitet med en mycket hog (flera ganger storre
an nominell effekt), men kortvarig effekttopp, vars amplitud 6kar med
aterflodningshastigheten. Preliminara resultat tyder pa att effekten sedan kan
stabiliseras p& en, jamfort med resteffekten, forhojd niva. Overslagsberakningar
visar att om effekten stabiliseras pa 20 % eller mer av nominell effekt kommer
nuvarande sakerhetssystem inte kunna forhindra att reaktorinneslutningen brister.
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Aterkriticitetsprojektet initierade vidareutveckling av de anvanda koderna vilket
ledde till férslag om fortsatt arbete med detta inom ett EU-projekt, SARA, som ska
genomfdras under 1997-98.

| nasta delprojekt studerades det sena hardsmaltforloppet, nar reaktorharden inte
aterkyls utan fortsatter att upphettas sa att smalta rinner ner till botten av
reaktortanken. Genomfdrda studier visar att for BWR av ABB ATOMs

konstruktion genomsmaltning av tankbotten sannolikt forst intraffar i genom-
foringarna for instrumenttuber. Om, vilket berdkningar med koden MELCOR/BH
anger, hardresterna forst fragmenteras och kyls da de faller ner genom vattnet som
finns i tankbotten, skulle instrumenttuberna smaltas igenom ca 1 h efter att
torrkokning erhallits i tankbotten. Detta ar betydligt senare &n om det antages att
instrumenttuberna &r inbaddade i en homogen smaélta, vilket ger genomsmaltning
efter mindre an en minut efter kontakt med smaltan. | dessa forenklade studier har
dock inte tagits hansyn till fenomen som utfldde av smélta och mgjlig blockering
vid aterfrysning i tuberna. Om detta beaktas kan tankhaveriet ske senare genom
lokalt krypbrott. De olika koderna (MAAP, MELCOR) gav stora skillnader i tid

for lokalt krypbrott, sarskilt i fall med lagt tryck. | fall med hogt tryck var det

battre Gverensstammelse mellan koderna, bada gav lokalt krypbrott efter 1 - 3 h
fran torrkokning i tankbotten.

Aven kylningen av hardsmaltan i tankbotten beraknades olika med MAAP och
MELCOR. Enligt MELCOR ar den metalliska delen av hardgruset inte kylbar vid
sen aterflodning p g a kraftig exotermisk oxidation, medan MAAP i regel
beraknade gynnsammare kylning, vilket till stor del berodde pa antagandet om att
en spalt bildas mellan tankvagg och hardrester dar varmetransporten ar effektiv.

| ett annat delprojekt som bedrivits vid KTH har man teoretiskt och experimentellt
studerat varmetransport hos hardsmaltan i botten av tanken och fenomen vid
utstromning genom hal i tankbottens vagg. En 2-dimensionell modell for varme-
transporten i en homogen smalta med halvsfarisk geometri har tagits fram, och
modellen har sedan tillampats pa en typisk BWR-tank for att utvardera hur
genomsmaltning och utstromning sker i ett hal som utvidgas genom avsmaltning
(ablation). Resultatet harav ger en tid till genomsmaltning efter 2-5 h efter att
uppvarmningen borjar vid for en nordisk BWR typiska forhallanden. Utvecklingen
av de teoretiska modellerna baserades bl a pa experiment vid KTH med
simulerade hardsmaltor av olika sammansattning. Dessa understkningar bestyrkte
resultaten av de teoretiska berékningarna, som visade pa snabb forstoring av ett hal
och en 2-D avsmaltningsprocess.

Det fjarde delprojektet gallde fenomen i inneslutningen vid hégtrycksgenom-

smaltning av reaktortanken. Berakningarna visade att man kan fa en tryckpuls i
utrymmet under tanken och i drywell p& upp till 8 bar under utblasningens forsta
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minut. Storsta pakanningen i inneslutningens genomfoéringar fas troligen av de
hoga gastemperaturer som uppnas, och som beraknades till 800-1000 K i drywell.
De hoga gastemperaturerna fororsakas av utstromning av 6verhettad &nga och av
oxidation av metaller i de utstrétmmande hardresterna. Berdkningarna med
MELCOR/BH-modellen, i synnerhet, gav hég andel metallisk smalta i utstrom-
ningen genom instrumenttuberna. | dessa studier togs inte hansyn till eventuella
bransle-kylmedelreaktioner (FCI). Vissa analytiska studier av FClI-relaterade
fragor sasom angexplosioner har emellertid gjorts vid KTH. Dessa studier tyder pa
att forutsattningarna for att f& angexplosion med oxidisk smalta ar beroende av
sammanhallningen och formagan att sta emot hastig fragmentering av en smalt
hardklump. Oxidsmaltor kédnnetecknas av att ha ett storre temperatur-omrade for
bildandet av klumpformiga smaéltdelar an metalliska smaltor.

| ett femte delprojekt paborjades kalltermsanalyser fér en svensk PWR, Ringhals
2, med s k mekanistiska koder (SCDAP/RELAP5 och CONTAIN), som ar mer
detaljerade an de integrala koder for parameterstudier (t ex MAAP) som tidigare
anvants. Denna studie blev for omfattande for att helt kunna fullféljas under sista
aret av RAK-2.1. Arbetet pagar annu och beraknas kunna avslutas med nationellt
bidrag. Det tidskrédvande arbetet med stationsdatainsamling for Ringhals 2,
modellering och indatapreparering till berakningskoderna har genomférts och
berakningsarbetet pagar.

Forskningsomradet for RAK-2.2 innefattade utveckling och test av ett datorbaserat
operatdrsstodsystem for haverihantering (CAMS = Computerized Accident
Management Support). CAMS ar ett system som ger information om en reaktors
tillstand vid saval normal drift som under haveriférlopp. Férutom att vara till hjalp
for att faststalla drifttillstandet, ger det stod vid bedémning av mgjliga haverifor-
lopp, och underlag for planering av nédvandiga konsekvenslindrande atgarder.
CAMS ger dock inte stdd vid genomférandet av en vald strategi for konsekvens-
lindring.

CAMS bestar av en datasamlingmodul (DA), en signalbehandlingsmodul (SV), en
signalféljningssimulator (TS), en predikteringsimulator (PS), en modul fér
identifiering av stationstillstandet (SI), en modul fér probabilistisk sakerhetsanalys
(PSA) och en man-maskin-granssnittsmodul (MMI). Samordningen mellan dessa
moduler skots av en dverordnad modul (SM, System Manager). Till detta finns
ytterligare tva moduler som annu sa lange ar fristdende, en strategigenerator (SG)
och modul for kontroll av kritiska funktioner (CFM).

Forsta fasen av CAMS-projektet (1992 — 1994) behandlade i huvudsak foljande
uppagifter:

¢ informationsbehovet vid normaldrift och vid haveri i en karnkraftanlaggning
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e metoder som med framgang kan tillampas i ett CAMS-system
e krav ur man-maskinsynpunkt och manskligt handhavande

Genom Statens karnkraftinspektion i Sverige anordnades ett praktiskt prov med
CAMS vid en sékerhetsdvning den 4-e maj 1995. Vid tillfallet fanns ingen direkt
dataldnk mellan reaktorstationen och CAMS, som &r avsikten, utan CAMS var i
stallet kopplad till en nérbeldgen simulator. Den senare uppdaterades med
information fran reaktorstationen per telefon. Bortsett fran tidsfordrojningen var
det frAin CAMS synvinkel ingen skillnad mot om data hade 6éverforts direkt fran
stationen. Demonstrationen visade att CAMS kan vara ett bra verktyg for en
myndighet som SKI. En direkt datalank till stationen forbattrar anvandbarheten.
Ovningen gav manga synpunkter och forslag till forbattringar i CAMS.

Huvudsyftet med andra steget i CAMS-projektet var att testa systemet under
simulerade forhallanden, och med olika metoder verifiera att de manga funktioner
som tagits fram fungerar effektivt och samverkar pa avsett satt genom att:

e Utveckla och integrera sddana moduler som signalféljningssimulatorn (TS),
signalbehandlingsmodulen (SV), modulen for identifiering av
stationstillstandet (SI), PSA och predikteringsimulatorn (PS). Utvardera hur
varje uppgift genomfors samt identifiera for- och nackdelar i anvand metod.

¢ Konstruera en funktionsstruktur som gor det majligt att samordna och
synkronisera aktiviteterna i de olika modulerna. Det sammantagna resultatet
skall da tillgodose informationsbehovet pa tillfredstéllande satt.

e Utveckla och testa lampligt granssnitt for olika slags anvandare med skilda
behov och grundkunskaper.

Under utvecklingen av CAMS har betydande anstréangningar gjorts for att
bibehalla CAMS-konceptets generalitet. Aven om det hittills baserats p4 BWR-
system kan CAMS-strukturen anvandas for andra processer. For detta syfte har
CAMS en speciell fordel genom sin moduluppbyggnad, déar varje funktion och
modul &r fristdende och kan utelamnas, inkluderas eller &ndras oberoende av de
andra. Dessutom kan externa hjalpprogram (APROS, GPS, Picasso-3, etc) enkelt
laggas till, allt efter tillampningsfall. Denna I6sning ar ocksa i linje med den
testplattform som namnts ovan, dar man kan antaga att behov finns av att prova
olika ldsningar for en enstaka modul inom ramen foér hela CAMS-systemet.

Det tredje forskningsomradet, RAK-2.3, innefattade undersokning, insamling,
systematisering och utvardering av data for reaktorer i nordiskt naromrade for att
kunna anvandas av sékerhetsmyndigheter och beredskapsorganisationer i norden.

Arbetet var en utvidgning av féregaende NKS-projekt SIK-3 (1990-1993), dar data

for utvalda reaktorer i Tyskland, Litauen och Ryssland insamlades. Nu
kompletterades med data for reaktortyper, inklusive satellitreaktorer, som finns i
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Storbritannien. Utforliga rapporter har publicerats for brittiska reaktortyper som
AGR, FBR, Magnox och PWR. Dessutom inskaffades data fér mobila reaktorer i
satteliter, ubatar och andra fartyg med reaktordrift. Uppgifter om haverier i
reaktordrivna fartyg har ocksa analyserats. Beskrivningen av mobila reaktorer har
publicerats i NKS/RAK-2-rapporter.

En PC-baserad databas har skapats for reaktorer i nordisk narhet. Syftet med
databasen &r att pa ett snabbt satt ge tillgang till uppgifter om nagon av dessa
reaktorer, i forsta hand for nordiska sakerhetsmyndigheter i nddsituationer.
Databasen upptar karnkraftanlaggningar som ingick i SIK-3-projektet, d v s de
som ligger inom 150 km avstand fran nagot nordiskt lands granser och dartill
karnkraftanlaggningar i Storbrittannien.

Databasen framtogs for systemet Microsoft Access och kan latt implementeras i

olika existerande datorsystem. Fér ndrvarande planerar man att lagga in databasen
i ett informationssystem som utvecklas av Beredskabsstyrelsen i Danmark.
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AFA-1: Sikerhet vid slutforvaring av avfall
Projektledare: Karin Brodén, Studsvik RadWaste

Generellt

Under 1994-1997 genomfordes inom ramen for NKS (Nordisk kdrnsékerhets-
forskning) ett projekt om slutforvaring av radioaktivt avfall. Syftet med projektet
var att ge myndigheter och avfallsproducenter i de nordiska ldnderna underlag for
undersokningar betrdffande behandling och slutforvaring av radioaktivt avfall.
Projektet kallades NKS/AFA-1. Det uppdelades i tre under-projekt: AFA-1.1,
AFA-1.2 och AFA-1.3. AFA-1.1 handlar om avfallskarakterisering, AFA-1.2
handlar om funktionsanalys for slutforvar och AFA-1.3 handlar om miljokon-
sekvens-beskrivningar (MKB; MKB iér i Finland forkortning f6r miljokonse-
kvens-bedomning). Studierna fokuserades huvudsakligen pa hantering av lang-livat
lag- och medelaktivt avfall fran forskning, sjukhus och industri.

Representanter fran alla de nordiska linderna har deltagit i vart och ett av under-
projekten. Huvuddelen av arbetet har genomforts med ett brett deltagande. Detta
har bidragit till béttre forstielse for avfallssituationen i de olika linderna och ocksa
gjort det majligt att ldra fran varandra. Dessutom har arbetet i nagra fall bidragit
till gemensamma rekommendationer.

Avfallskarakterisering (AFA-1.1)

AFA-1.1-studien inkluderade en 6versikt av avfallskategorier i den nordiska
landerna och metoder att bestimma eller uppskatta avfallsinnehéllet. Nya till-
gingliga metoder presenterades baserade pa svar pa forfrdgningar, som skickats ut
till leverantorer.

Inom studien gjordes dessutom rekommendationer betrdffande karakterisering av
avfall under behandling och karakterisering av befintliga och gamla avfallskollin.
Det ér tillradligt att om mojligt f& information om avfallet under behandling. Det ar
ocksa enklast att klassificera avfallets kemiska och fysikaliska sammanséttning
under behandlingen. Nér radioaktivt avfall hanteras bor emellertid dosratméit-
ningar goras innan alla §vriga procedurer. Referensnuklider kan ibland anvéndas
for uppskattningar om svarmaétbara nuklider.

Nya regler om avfalls-inventarium kan kridva nya uppskattningar om gamla

avfallskollin. Den befintliga dokumentationen om ett avfallskolli d4r d& den priméra
informationskallan.
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Funktionsanalys (AFA-1.2)

AFA-1.2-projektet behandlade funktionsanalys for barridrsystemet i niromradet
till slutforvar for 1ang-livat 1ag- och medelaktivt avfall. Amnesomradet
begransades med avsikt sa att det omgivande geomediet inte diskuterades. Detta
gjorde det mojligt att diskutera genomforande av en mer generell funktionsanalys,
som &r oberoende av att olika geomedia kan komma i fraga i de nordiska ldnderna.

Resultaten fran AFA-1.2—studien inkluderade en kort oversikt ver olika befintliga
och planerade avfallshanteringssystem i de nordiska ldnderna. Tonvikten i
projektet lades emellertid péa en generell diskussion om metodiker utvecklade for
och tillampade pa funktionsanalys for avfallsforvar. Nagra foreteelser och
interaktioner som géller for ett generellt forvar diskuterades ocksa. En metod, den
sé kallade RES-metoden (Rock Engineering System) valdes ut for demonstration.
Mojliga interaktioner och deras betydelse diskuterades for en forenklad generell
nordisk forvarstyp som referenssystem.

I studien inkluderades ocksé en kort oversikt Gver genomforda funktionsanalyser i
Norden for aktuella slutforvarsprojekt.

Miljokonsekvensbeskrivningar (AFA-1.3)

Resultaten fran AFA-1.3 studien inkluderar information om likheter och skillnader
mellan MKB-processer (miljokonsekvensbeskrivningsprocesser) i de nordiska
landerna samt en Oversikt over erfarenheter frin MKB-processer i linderna, bade
inom och utom det nukledra omradet.

Systemet for miljokonsekvensbeskrivningar i ett land &r beroende av
lagstiftningens struktur, lagstiftningens tillimpning, administrativ praxis och
allménna samhélleliga malsattningar. Det &r darfor naturligt att MKB-systemen
skiljer sig fran land till land &ven om EU-direktiv och internationellt accepterade
principer tillimpas. Det finns t. ex. skillnader i mal for MKB-system i de nordiska
landerna. MKB-system i Danmark ska ge garanti for specifik bedomning av
miljokonsekvenser for vissa projekt i samband med markanvéndning. Tyngd-
punkten ska laggas pa allménhetens deltagande och en 6ppen beslutsprocess.
MKB-system i Finland, Island och Norge ska ge garanti {or sérskild bedomning av
miljokonsekvenser for vissa projekt. Tyngdpunkten ska ldggas pé den projekt-
ansvariges planering och allménhetens deltagande. MKB-system i Sverige ska ge
beslutsmyndigheter underlag fér beddmning av inverkan pa miljo, hélsa och
sdkerhet samt pé allménna intressen enligt naturresurslagen for ett brett spektrum
av projekt. Skillnader finns ocksa betréffande ansvar for miljokonsekvens-
beskrivningar. Byggherren for byggprojektet dr ansvarig for MKBn i Finland,
Island, Norge och Sverige. Myndigheten &r ansvarig for MKBn i Danmark.
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EKO-1: Marin radioekologi

Projektleder: Sigurdour Emil Palsson, Geislavarnir
rikisins

I den oprindelige projektplan for NKS/EKO-1 projektet fremgar folgende:
Hovedformadlet med projektet er at gore det muligt at udfore bedre og
hurtigere vurderinger af sundhedsmcessige og okonomiske konsekvenser af
udslip af radioaktive stoffer til havmiljoet.

Dette udsagn afspejler, at man ofte er nedt til at tage hensyn til forureningskilder,

der udger forholdsvis sméa sundhedsmassige risici, men som kan fremkalde bety-

delig bekymring i befolkningen og saledes vare af stor (f.eks. skonomisk) betyd-
ning for samfundet.

Vurderinger af konsekvenser af radioaktiv forurening baserer sig ofte pa4 modeller,
der beskriver transport af radioaktive stoffer i miljoet. De vigtigste processer for
transport og overforsel af radioaktive stoffer 1 det marine miljo er folgende:

1. havstremme og opblanding af vandmasser

2. vekselvirkning mellem vand og sediment

3. biologisk optag (f.eks. optag af radioaktivitet i fisk)

Af disse processer er vekselvirkningen mellem vand og sedimenter blevet under-
sogt forholdsvis mindre end de andre. Det blev derfor besluttet at fokusere EKO-1
projektarbejdet pd radioaktive stoffer i sedimenter og vand og pé vekselvirkningen
mellem disse medier. Sedimenternes egenskab til at binde radioaktive stoffer fra
havvandet er en vigtig faktor. Denne beskrives ved den sékaldte sediment forde-
lingskoefficient Ky, der udtrykker forholdet ved ligeveegt af koncentrationen af
radioaktivitet 1 sedimentet i forhold til koncentrationen i vandet.

Arbejdet i EKO-1 projektet blev planlagt som folger:
1. Modelarbejde - 1dentifikation, estimering og validering af de vigtigste parametre
2. Undersogelser
2a) Feltstudier:
2al) Typiske nordiske miljoer
2a2) Miljeer med szrlige fysiske eller kemiske forhold
2b) Laboratorieundersagelser
3. Informationsarbejde — Seminarer, rapporter, artikler
I projektarbejdet blev endvidere lagt vaegt pa andre aspekter, der var af betydning
for projektets formal:
e Kuvalitetssikring
e Brug af internettet for en mere effektiv informationsformidling
e Forbindelser til tilsvarende arbejde inden for NKS/EKO-2.3 projektet om
ferskvandsekosystemer
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e Forbindelser til andet internationalt arbejde inden for marin radiogkologi for at
undga overlap
o Stotte til forberedelse og planleegning af et nyt nordisk kursus i radiogkologi.

Oget nordisk kompetence og samarbejde inden for marin radioekologi

Blandt de vigtigste resultater af EKO-1 projektet er den ggede nordiske kompeten-
ce og det ggede samarbejde indenfor marin radiogkologi, iseer vedrerende veksel-
virkningen mellem radioaktive stoffer og marine sedimenter. Kun enkelte af de
nordiske lande har tidligere forsket inden for dette omrade, og der har ikke tidlige-
re vaeret gennemfort feelles-nordiske forskningsprojekter f.eks. med sammenstilling
af sedimentationsrater og niveauer for *’Cs og ******Pu i sedimenter. Kvaliteten af
det udferte arbejde er dokumenteret i de videnskabelige artikler, der er blevet of-
fentliggjort som en falge af projektarbejdet. EKO-1 projektarbejdet har desuden
bidraget til to ph.d. athandlinger, den ene afsluttet 1 april 1997 og den anden i
1998. Desuden er gennemfort to kandidatathandlinger (M.Sc.) baseret pa projek-
tarbejdet.

Matematiske modeller er vigtige redskaber for at kunne vurdere de potentielle eller
faktiske miljomaessige konsekvenser af radioaktiv forurening. Det er endvidere
vigtigt med erfarne folk, der kender modellerne, ved hvad de kan benyttes til og
resultaternes ngjagtighed. Det kreever erfaring at fortolke modelresultater uanset
hvilken model, de stammer fra.

Modelundersogelser

EKO-1 projektet har stettet modelstudier for Ustersgen og for langtidskonsekven-
serne af atomreaktorer dumpet i Karahavet og fra Komsomolets undervandsbaden.

Modelberegninger har vist, at kollektivdoser fremskrevet til ar 2050 til befolknin-
gen omkring @stersgen fra >'Cs i fisk er omkring 1400 manSv fra radioaktivt ned-
fald fra Tjernobylulykken, 700 manSv fra nedfald fra atmosfariske atompreve-
spreengninger og 200 manSv fra europziske oparbejdningsanlaeg. Andre kilder, sé
som nukleare anlaeg, bidrager langt mindre (1 manSv). Den radioaktive forurening
bidrager dog langt mindre til den samlede kollektivdosis end naturligt forekom-
mende radioaktivitet, hvor Po-210 i samme periode giver en kollektiv dosis pa
20000 manSv.

De sundhedsmessige konsekvenser af udslip af radioaktivitet fra ubadsreaktorerne,
der blev dumpet af Sovjetunionen i Karahavet, er blevet vurderet ved model-
beregninger. Kollektivdoserne til verdens befolkning blev omkring 1 manSv frem-
skrevet over 10000 &r.
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Endvidere blev de sundhedsmaessige konsekvenser af hypotetiske udslip af pluto-
nium fra den sovjetiske Konsomolets ubdd, der sank pa 1600 m dybde i 1989 ved
Bjernegen undersogt ved modelberegninger. Kollektivdosen til verdens befolkning
blev beregnet til 8 manSv ved en fremskrivning pa 1000 ar.

Pélideligheden af modelberegningerne er blevet undersggt ved sammenligning
mellem beregnede og mélte vardier, sensitivitetsanalyser og parameterusikker-
heds-analyser. Usikkerhedsanalysen af kollektivdoserne fra dumpningerne af
ubadsreaktorerne i Karahavet har vist sig at give en variation pé to sterrelsesorde-
ner. Dette betyder, at kollektivdosen p& 1 manSv vurderes til ikke at overstige 100
mansSv.

Laboratorieundersogelser

Laboratoricundersggelser har bidraget til at forbedre forstdelsen af vekselvirknin-
gen mellem vand og sediment. Sediment-fordelingskoefficienten K4 har vist sig at
variere med hensyn til bade sediment type og salinitet. Variationen med sedi-
menttyper blev fundet til en sterrelsesorden, og samme sedimenttyper viste K-
vaerdier, der var op til to sterrelsesordener hgjere for ferskvand end for havvand.
Dette medforer, at oversvemmelser ved floder hvor kontaminerede sedimenter
transporteres til havet, kan forarsage frigerelser af radioaktiv forurening fra sedi-
menterne. Resultaterne af laboratorieundersegelserne er ogsa vigtige for modelar-
bejdet, hvor K4 er en vigtig parameter. Undersegelserne giver en forbedret forsta-
else og kvantificering af den variation, man ser for denne parameter.

Feltstudier

Feltstudier har fundet sted inden for to hovedomrader:
1. Miljeer med sxrlige fysiske og kemiske forhold (vaegt pé processer)
2. Miljeer typiske for norden (vaegt pé regionale forhold)

Miljeer med szrlige fysiske og kemiske forhold (processtudier)

Undersagelserne af processer har koncentreret sig om, hvorledes plutonium opfe-
rer sig i sedimenter og vekselvirker med sedimenter. Man har leenge spekuleret
over muligheden af remobilisering af plutonium fra sedimenter, men indtil nu har
det ikke vearet bevist. I seerlig grad har man undersggt muligheden for remobilise-
ring under anoxiske (iltfattige) forhold. Ringe tilfersel af iltet vand og tilstedevae-
relse af organisk materiale forarsager anoxiske forhold i betragtelige omrader ved
bunden i Ostersgen (omkring 19% af det samlede omrade). Denne situation kan
ogsé opsta i bugte og fjorde i Skagerrak og Kattegat. En undersggelse i Framvaren
Fjord i Norge er den ferste, hvor man har fundet bevis pa remobilisering, og hvor
men har udviklet en model til at beskrive processen. Det fremgér, at remobiliserin-
gen af aktinider fra sedimentet kreever, at de anoxiske forhold har veret gaeldende i
en leengere arrekke. Undersegelser af plutonium under anoxiske betingelser er
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ogsa blevet foretaget i Hestholmsfjarden Bugt i Finland. Radioaktive stoffer fra
Loviisa atomkraftvaerket udledes til bugten, der bliver anoxisk i visse perioder af
aret. Her var det imidlertid ikke muligt at pavise remobilisering af plutonium eller
caesium fra sedimenterne. Dette er imidlertid ikke i uoverensstemmelse med resul-
taterne fra Framvaren Fjord, som viste at de anoxiske forhold skal vere til stede i
lang tid, for remobiliseringen finder sted. Plutonium kan transporteres med floder
til marine ekosystemer. En undersggelse af de processer, der finder sted i et omra-
de med opblanding af ferskvand og havvand blev foretaget i udlebet af Kalix elven
i Nordsverige, hvor elven lgber ud i Ostersgen. Prover af lagdelte sedimentkerner
og opslemmede sedimentpartikler indsamlet i mundingen af Kalix elven viser, at
tilferslen af plutonium til @sterseen med floder pa nuvaerende tidspunkt er af min-
dre betydning, men at tilferslen pa leengere sigt kan blive en vigtig kilde, da op-
holdstiden af plutonium i @stersgens vand er meget kortere end opholdstiden i
flodernes afvandingsomrader. Afvandingsomrader, der bestar af moser og andre
vadomrader, vil i denne sammenhaeng vaere af serlig betydning.

Miljeer typiske for norden (regionale forhold)

Der er foretaget feltundersogelser i en rekke omrader af betydning for de nordiske
lande. Omraderne har strakt sig fra Thule pa vestkysten af Grenland til de Arktiske
have nord for Sibirien. Desuden har Ostersgen og dele af Atlanterhavet veret ind-
draget. For det meste er dybdefordelingen af radioaktive stoffer i sedimenterne
bestemt tillige med sedimentationshastigheder og sediment fordelingskoefficienter
Kq. Ved undersggelserne er parameterverdier blevet bestemt for forskellige loka-
liteter. Undersogelserne viste endvidere, at sedimentationshastigheder i visse til-
feelde ikke kunne bestemmes korrekt ved kun at benytte en enkelt metode. I en
undersogelse i DOstersgen blev foretaget en omfattende sammenligning af forskelli-
ge metoder. Der blev ikke fundet systematiske forskelle mellem metoderne, men
ingen af metoderne blev fundet velegnet til rutinemeaessig anvendelse. Det blev
konkluderet, at man sa vidt muligt ber benytte mere end en enkelt metode til at
bestemme sedimentationshastigheder.

En undersegelse i de arktiske have viser ingen tegn pa sterre forureningskilder for
radioaktivitet, nar man ser bort fra de velkendte bidrag fra nedfaldet fra stormag-
ternes atmosferiske atomvabenforsegg, udslip fra europaiske oparbejdningsanlaeg
og Tjernobylulykken. Undersagelsen udelukker dog ikke muligheden af mindre
udslip fra dumpet radioaktivt affald i Karahavet og udslip med de sibirske floder
fra rusiske nukleare anlaeg.

Kvalitetssikring

Kvalitetssikring har vaeret et vaesentligt element i arbejdet med EKO-1 projektet.
Der er isar blevet lagt vaegt pé folgende to forhold:
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a)  Preveindsamling

b)  Radiometrisk analyse

Udformningen af et apparat til provetagning af sedimenter kan vaere afgerende for
resultaterne. En prevetager, der er velegnet til visse forhold eller undersogelser kan
vaere mindre egnet til andre forhold. I forbindelse med projektet blev foretaget en
opgerelse af de prevetagere, der benyttes af projektdeltagerne. Opgerelsen er
afrapporteret sammen med en gennemgang af fordele og ulemper ved de forskelli-
ge provetagere.

Blandt deltagerne i NKS EKO-projekter blev desuden foretaget en sammenligning
af analyseresultater for radioaktivitet i sedimentprever. Enkelte andre laboratorier
blev inviteret til at deltage, nogle fra de Baltiske stater. To typer sedimenter blev
sendt til deltagerne for bestemmelse af radioaktivitetsindhold, og resultaterne blev
derefter sammenlignet og sammenstillet i en rapport. Sammenligningen viser, at
mange laboratorier ikke opnaede tilfredsstillende resultater i forhold til de an-
vendte kriterier. Dette var iszr tilfaldet for beta-emittere (f.eks. *°Sr). Undersegel-
sen viste ogsd, at kvaliteten af analyserne af gamma-emittere (f.eks. >’Cs), kan
forbedres betydeligt for flere laboratorier. Arbejdet med at forbedre kvaliteten ved
gammaspektrometriske analyser er efterfalgende blevet taget op i EKO-3.2 pro-
jektet.

EKO-1 seminarer

EKO-1 seminarerne har veret endnu en faktor, der har bidraget til at foroge den
nordiske kompetence indenfor omradet. Radiogkologi rummer mange discipliner
og anvender mange metoder, der ogsa anvendes til at bestemme stabile stoffer.
EKO-1 seminarerne er derfor blevet benyttet til at samle sével deltagere i EKO-1
projektet og andre nordiske eksperter som nordiske eksperter indenfor beslaegtede
omréder og andre internationale eksperter. I lobet af projektperioden er der blevet
afholdt to seminarer med temaer af betydning for projektarbejdet:

e Kiristineberg, 20-21 september 1995, Sedimentationsprocesser

e Helsinki, 2-3 April 1997, Datering af sedimenter og bestemmelse af sedimen-
tationshastighed

Flere deltagere i EKO-1 projektet har givet udtryk for, at disse seminarer har givet

dem stort fagligt udbytte.

Brug af internet teknologi til informationsformal

I lobet af projektperioden 1994-1997 er der sket en eksplosiv veekst 1 brugen af

internet teknologi. EKO-1 projektet har benyttet sig af de muligheder internettet
giver bade med hensyn til elektronisk post og information via World Wide Web.
Megen kommunikation indenfor projektgruppen mellem projektlederen og delta-
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gerne er foregdet via elektronisk post, og adskillige tekster og dokumenter er ble-
vet fordelt til projektdeltagerne og andre via EKO-1 hjemmesider.

Kontakt til de Baltiske stater

Institutioner i de baltiske stater er blevet inviteret til at deltage i EKO-1 sammen-
ligningen af analyseresultater for radioaktivitet i sedimentprever. Efterfolgende
deltog flere af disse laboratorier i EKO-3.2 arbejdet med kvalitetssikring i radio-
analytisk arbejde med gammaspektrometri. De deltagende baltiske laboratorier har
givet udtryk for stor tilfredshed ved at deltage i NKS arbejdet og udtrykt enske om
at fortsaette. Deltagelsen af de baltiske laboratorier i EKO-1 sammenligningen
fandt sted uden betaling fra NKS.

Anbefalinger

Det gkonomiske bidrag, som NKS har stillet til radighed for EKO-1 projektet har
veeret af afgerende betydning for arbejdet. Projektet har dog ikke kunne gennemfo-
res med de opnéede resultater uden de nationale gkonomiske bidrag, der har veeret
betydelige. NKS’s bidrag har imidlertid varet afgerende for, at samle aktiviteterne
fra deltagerne til en feelles-nordisk aktivitet. EKO-1 projektet har medfort, at de
nordiske lande nu er langt bedre i stand til at vurdere kort- og langtidskonsekven-
serne af udslip af radioaktivitet til det marine milje.

Radioaktiv havforurening er fortsat et emne, der undertiden skaber bekymring i de
nordiske lande. Ostersgen er et vigtigt spisekammer for mange af de nordiske lan-
de. Selv om stralingsdoser til mennesker fra konsum af fisk fra Ostersgen er rela-
tivt smd, kan de vaere betragtelige i forhold til strélingsdoser fra andre typer af
radioaktiv forurening. I Danmark skyldes hovedparten af strilingsdoserne til be-
folkningen fra radioaktiv forurening konsum af fisk fra Ostersgen.

Et NKS projekt med fokus pa Qstersgen vil vaere af stor betydning for de nordiske
lande. Projektet kan kombineres med undersogelser af kort- og langtidsvirkninger
af transport af radioaktivitet med floder fra landomréder til Osterseen.

Der har for nylig veret offentlig opmaerksomhed i de nordiske lande pa de mulige
virkninger af foregede udslip at radioaktivitet (*’Tc) fra Sellafield i England. Det
er af betydning for de nordiske myndigheder for strélingsbeskyttelse at kunne vur-
dere betydningen af disse udslip. I forbindelse med et nyt NKS projekt kan udslip-
pet af *Tc endvidere benyttes som sporstof for vandstremme i Atlanterhavet, det
Arktiske Ocean og Ostersgen.

NKS giver et vigtigt bidrag til at vedligeholde kompetencen inden for radioaktivi-

tet i miljoet i de nordiske lande. Men NKS bidrager ogsa til at opbygge ny viden. I
forbindelse med det tidligere NKS program (1990-1993) blev et kursus i radio-
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okologi atholdt i Lund i 1991. Mange deltagere fra dette kursus har veret aktive i
EKO-1 og EKO-2 projekter under den nuvarende programperiode. Et nyt kursus 1
radiogkologi er blevet planlagt til foraret 1998. Bidrag fra NKS til stette for kurset
og andre aktiviteter vil forsteerke opbygningen af kompetence.

De nordiske lande har indenfor NKS etableret en taet og uformel méde at samarbe;j-
de pd. Gennem EKO-1 projektet har NKS skabt et netvaerk af sagkyndige i de nor-
diske lande inden for marin radiogkologi. Andre former for internationalt samar-
bejde og projekter kan ikke erstatte dette netverk. Det er vigtigt, at NKS fortsat
stotter forskning indenfor radioaktivitet i det marine milje. I modsat fald kan det pé
leengere sigt blive vanskeligt at handtere problemer om radioaktiv havforurening,
der vaekker bekymring i de nordiske lande, iser i tilfeelde af et pludseligt udslip.
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EKO-2: Lange okologiske halveringstider i
semi-naturlige systemer

Prosjektleder: Tone D. Bergan, Institutt for
Energiteknikk (IFE)

Livsmedel frén seminaturliga omréden, som t ex icke uppodlade betesmarker och
utmarker, svarar for en avsevérd andel av intaget av radiocesium och radiostron-
tium, och dérigenom dven for dosen till ménniska. Produkter fran intensiv
agrikulturell produktion uppvisar korta halveringstider. Sa vartefter tiden gar efter
ett radioaktivt nedfall, kommer livsmedel som svamp, vilt och farskvattenfisk
alltmer att vara de dominerande med avseende pa intaget av radionuklider.

I projektet EKO-2 har tre problemomraden studerats: far som betar pa icke odlad
betesmark, inflytandet av svamp, samt farskvattenfisk. Huvudsyftet har varit att
identifiera bidraget fran seminaturliga system genom att bestimma ekologiska
halveringstider for specifika livsmedel frén dessa omraden, och dérigenom
bestimma dosen till médnniska. Genom att infoga dessa halveringstider i befintliga
modeller, kan osékerheten i dosberdkningarna minskas. I hindelse av ett nedfall
blir det mdjligt att snabbt skaffa sig en bild av mojliga konsekvenser, och att vidta
lampliga motatgérder.

I de pagaende projekten har vi producerat eller sammanstéllt data under 8 — 11 &r
efter Tjernobylolyckan. Tidsserierna har varit nddvéndiga for att uppskatta de
ekologiska halveringstiderna. Under projektperioden 1994 — 1997 har vi visat att
de tidsberoende nivderna av radionuklider i livsmedel fran de utvalda omradena
inte beskrivs sérskilt vél av nagon ekologisk halveringstid”. Med dkande tid 6kar
dven halveringstiden.

De nordiska ekosystemen aterhédmtar sig allt lingsammare frdn kontamineringen
med radiocesium frén Tjernobylolyckan, samtidigt som omradena varierar avsevirt
1 kénslighet och &terhdmtningshastighet. Foljaktligen dkar de ekologiska
halverings-tiderna gradvis och kan inte betraktas som konstanter, varken i tid eller
rum. Fast det inte har varit enkelt att bestimma enkla eller generella
halveringstider, har projekten bidragit till viardefull insikt i de mekanismer som
styr overforingen av radionuklider och givit 6kade kunskaper om typiska nordiska
ekosystem.

Lammprojektet

Systemet jord — vegetation — lamm har studerats i fem lédnder: Island, Far6arna,
Danmark, Sverige och Norge. Samordnad provtagning borjade 1990 och har hallit
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pa fram till 1997. Man har funnit stora olikheter i 6verforingen, och genom att
studera produktionsintensiteten, produktionen av biomassa, klimatologiska
forutséttningar, forekomsten av svamp, intag av jord och experimentella studier av
stabila element i jorden har en del av olikheterna kunnat forklaras. Eftersom jord
ar en viktig reservoar for radionuklider i det terrestriska systemet, har jordens
egenskaper varit den viktigaste faktorn for de olika dverforingsfaktorer som
studerats i de olika betesomradena.

Skogsprojektet

Konsumtionen av matvaror fran skogssystemet (t ex bar, svamp, farskvattenfisk
och vilt) har tidigare uppmarksammats endast i liten omfattning. En enkét har
darfor genomforts. Den fokuserade pa konsumtion av béar och svamp, och riktade
sig till personer i Danmark, Finland, Norge och Sverige. I Sverige dverfors upp till
25 GBq radiocesium érligen till ménniskan via svamp.

Svamp spelar ocksé en betydande roll i radiocesiumupptaget av vegetation pa
hdgre niva, och ar troligen orsaken till att radiocesium ar sa lattillgangligt under sa
lang tid. De flesta djur uppvisar starkt stigande radiocesiumnivaer under
svampsdsongen i augusti — september, och radjur ar bland de storsta
konsumenterna av svamp. Upp till 20 — 30% av innehéllet i magsédcken utgors av
svamp under denna period.

Limniska system: ekologiska halveringstider i nordiska insjoar

Betydelsen av denna konsumtion som bidragande orsak till interndoser till
ménniska pa grund av cesium-137 har visats i tidigare NKS-projekt. Det
huvudsakliga syftet med detta projekt har varit att undersoka de processer och
mekanismer som gor att radiocesium &r ltt tillgdngligt for upptag i fisk. En
nordisk karta har utarbetats, som beskriver nedfall, limniska data (som vatten-
kvalitet, storlek, vattentransport), radiocesiumnivéer i farskvattenfisk och vatten,
savil som tillfloden frdn omgivande omraden. Resuspension av radiocesium i
sediment, liksom tillfléden fran vatten-omrédena har visat sig vara viktiga kéllor
for biologiskt upptag, och saledes den dominerande faktorn som bidrar till 14nga
ekologiska halveringstider i farskvattenfisk.

Om man antar att den framtida aktivitetsminskningen huvudsakligen kommer att
styras av den fysikaliska halveringstiden, kan den till odndligheten tidsintegrerade
aktiviteten approximeras till 10 — 20 kBq/kg per éar, vilket skulle medfora ett
signifikant dostillskott till kritisk grupp. Det ar déarfor vésentligt att f6lja
tidsutvecklingen av cesium-137 i fisk, liksom de styrande faktorerna i kritiska
uppsamlingsomraden och sjoar.
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Slutsatser

Seminaturliga system blir allt viktigare med tiden vad géller Gverforing av
radionuklider till ménniska. Ekologiska halveringstider 6kar med tiden.
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EKO-3: Beredskabsstrategi og -procedure
Projektleder: Jens Hovgaard, Beredskabsstyrelsen

Projektets overordnede formal har veret at assistere de Nordiske landes myndig-
heder i deres arbejde med at forbedre beredskabsplaner og internationalt samarbej-
de inden for udvalgte emner. Projektet er opdelt i fire underprojekter: mobile ma-
linger, kvalitetssikring i provetagning og analyse, operationelle indgrebsniveauer
samt interventionsniveauer og interventionsproblemer i landbruget og i fedevare-
sektoren.

Resultaterne fra gvelsen RESUME95 vedrerende mobile malinger demonstrerede
de luftbarne maleholds fremragende ydeevne. Otte af de ti luftbdrne malehold var i
stand til at levere kort over cesium-137 fordelinger meget hurtigt efter méalingernes
afslutning, i nogle tilfeelde i lobet af fa timer. Generelt viste de opniede casium
depositionskort fra luftbarne og fra bil-baserede mélinger de samme fordelinger,
men med nogle variationer i de absolutte aktivitetsniveauer. De fleste af de obser-
verede afvigelser kan tilskrives forskelle i kalibreringsmetoder og forskelle i de
geometriske betingelser for de forskellige teknikker. @velsen viste at ngjagtig fly-
navigation og software for data-praesentation og analyse spillede en vigtig rolle i
eftersegningen af skjulte kilder.

Erfaringerne fra RESUMED9S viste, at der er behov for yderligere operationelle
gvelser med henblik pa lgsningen af en reekke specifikke problemer som f.eks.
kalibrering af udstyret, reproducerbarheden af malingerne og en ngjere bestemmel-
se af de forskellige systemers geometriske synsvinkel. Betydningen af fejl i positi-
onsbestemmelsen er ogsé et vigtigt aspekt nar resultaterne fra de forskellige male-
systemer skal sammenlignes. Sddanne problemer ber tages i1 betragtning ved
planleegningen af gvelser og ved valget af de omréader, der skal opmales.

Med hensyn til kvalitetssikring af prevetagning og analyse har projektet givet et
aktuelt billede af gammaspektrometriens stade i de nordiske lande. Problemerne er
blevet kortlagt og lesningsforslag er fremlagt. Et af de omréder, hvor der er pavist
behov for forbedringer, er vigtigheden af at have adgang til software til gamma-
spektrumanalyse, som er i stand til at korrigere for variationer i prevernes hgjde og
teethed. Som et led i arbejdet er der fremstillet en brugerhandbog for et sadant
analyseprogram, som har veret stillet gratis til rddighed for de deltagende labora-
torier.

Sammenligningerne af analyseprogrammer viste, at der er betydelige afvigelser

mellem de forskellige programmers kvalitet med hensyn til bestemmelse af top-
arealer i gammaspektre og at brugeren selv er en betydelig faktor. Det er derfor
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vigtigt at fortsaette arbejdet med kvalitetssikring pé dette omrade. Det er i den for-
bindelse vigtigt at specificere kravene til ngjagtighed og reproducerbarhed af de
analyser og mélinger, der skal anvendes i en beredskabssituation. Der er behov for
at den information der genereres har et tilstreekkeligt troveerdighedsniveau selv om
manglen pé tid og kapacitet i en beredskabssituation ikke tillader den hejest mulige
kvalitetsstandard.

Oversigten over de anvendte mélegeometrier i de nordiske lande viste meget store
variationer i udformningen af prevebeholdere. Disse forskelle er tilfeldige idet
kravene til provebeholdere grundleeggende set er de samme for de fleste laborato-
rier. Der er i projektet pavist en rekke fordele ved at anvende ensartede malegeo-
metrier: Simplere procedurer for interkalibreringer, storre sikkerhed i forsyningen
med prevebeholdere og mulighed for at udveksle prever i en beredskabssituation.
En af projektets anbefalinger er derfor, at der ber tilstreebes enighed om at benytte
nogle fi af de anvendte prevebeholdere som referencebeholdere. Herudover anbe-
fales de nordiske laboratorier at deltage i det igangverende internationale arbejde
med standardisering af provebeholdere.

En interkalibreringsgvelse for helkropsmalinger er ogsa blevet gennemfort med det
resultat at nogle laboratorier allerede har forbedret deres kalibreringer. Sddanne
interkalibreringer er specielt vigtige for de laboratorier, der ikke rutinemeessigt
udferer helkropsmélinger. Der er udarbejdet en skitse til en hdndbog i kvalitetssik-
ring og til en teknisk handbog.

Med hensyn til akkrediteringen af gamma-laboratorier har projektarbejdet bidraget
til en tydeliggerelse af akkrediteringsprocessen for de deltagende laboratorier.
Ivaerksettelsen af akkrediteringen er de enkelte institutioners eget ansvar, men der
kan givetvis opnas arbejdsbesparelser ved at benytte de nordiske kontakter i denne
proces.

Problemet med langtidsopbevaring af radiologiske data er et eksempel pé et gene-
relt problem vedrerende dataopbevaring. Projektarbejdets konklusion er derfor en
anbefaling af neje at folge udviklingen i informationsteknologien pé dette omrade.
Der gives enkelte anbefalinger med hensyn til mulige dataformater, idet der referes
til et internationalt anvendt system.

Operationelle indgrebsniveauer er behandlet ved en probabilistisk model, hvori det
antages at omfanget og varigheden af ulykken vil vere ukendt pé indgrebstids-
punktet og at kun fa detaljer om ulykken vil vere tilgaengelige til brug for en pro-
gnose. Metoden, som er udviklet under projektarbejdet, giver mulighed for at ka-
rakterisere de usikkerheder der vil vere knyttet til virkningen af tidlig intervention
i et forleb, hvor der spredes radioaktivt materiale i omgivelserne. Sddanne proba-
bilistiske beregninger er en nedvendig forudsatning for at kunne optimere sével
planlegning som gennemforelse af modforholdsregler.
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I en analyse af den probabilistiske metode, blev operationelle indgrebsniveauer af
dosishastighedmaéling bestemt for indgrebet “gé inden dere”, for nogle uheldssce-
narier svarende til alvorlige reaktorhavarier. De fundne indgrebsniveauer er typisk
en storrelsesorden hgjere end de indgrebsniveauer som anvendes i nordisk bered-
skabs-planlegning. Det bemerkes dog at indgrebsniveauerne er bestemt under
forenklede antagelser, og de opnaede resultater skal forst og fremmest ses som en
illustration af konsekvenserne af den probabilistiske model.

Pé grundlag af dette metodestudium anbefales det, at operationelle indgrebsnive-
auer defineres i en probabilistisk sammenhang. P& denne made kan et optimeret
operationelt indgrebsniveau for en given beskyttelsesforanstaltning beregnes som
den maleveerdi, for hvilken den gennemsnitlige undgéede dosis er lig med det ge-
neriske indgrebsniveau.

Det anbefales herudover at udvikle den probabilistiske metode til brug for optime-
ring af eksisterende og kommende maélestrategier, f.eks med hensyn til type og
antal af mélinger samt tidsskemaet for indsettelsen af mobile malehold.

Arbejdet med modforholdsregler inden for landbruget i en alarmperiode, herunder
de nedvendige indgreb pd gérdene i1 forbindelse med spredningen af radioaktivt
materiale samt de problemer, der vil vere forbundet med evakuering af garde med
dyrehold, blotlagde mange sporgsmal som mé tages i betragtning, hvis der skal
treeffes beslutning om modforholdregler. Overvejelserne viste klart, at der er man-
ge indbyrdes forskelle mellem de nordiske lande med hensyn til den landbrugs-
massige situation og forhastede konklusioner vedrerende harmonisering af mod-
forholdsregler ber derfor undgés.

Samarbejdet mellem faggrupperne inden for stralingsbeskyttelse og inden for
landbrugs- og fedevaresektoren har vaeret meget frugtbart og nedvendigt. Med
hensyn til fortsettelsen af dette samarbejde og udviklingen af beredskabet, anbe-
fales det at legge veegt pa den fortsatte videnopbygning og uddannelse samt frem-
stillingen af en feelles nordisk hdndbog for omradet. Et tilfredsstillende indgrebs-
beredskab ber eksistere allerede i alarmperioden.

Det er nedvendigt at myndighederne pa landbrugs- og fedevareomréadet streeber
mod at udvikle en fleksibel organisering af beredskabet, séledes at de nedvendige
indgreb kan gennemfoeres hurtigt og effektivt. En forudsetning herfor er at den
nedvendige viden er tilsted med hensyn til hvilke indgreb, der kan anvendes og
hvilke konsekvenser indgrebene har.

Det ville vaere formalstjenligt med et forum, hvor de landbrugs- og fodevareeks-
perter, som indgar i beredskabsorganisationen, har mulighed for at udveksle syns-
punkter med eksperterne inden for strélingsbeskyttelse angéende effekten og an-
vendeligheden af de forskellige modforholdsregler.
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Det ville ligeledes vare nyttigt i hvert land, at have en hdndbog, der deekker bered-
skabsspergsmaélene for landbrugs- og fedevaresektoren. Hindbogen skulle be-
handle béde beredskabsopbygning og alarmrutiner samt beskrive mulige indgreb
og konsekvenser. Desuden kunne den indeholde den grundleggende information,
som vil gere det muligt at tilpasse indgrebene til de foreliggende forhold.
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EKO-4: Beredskapseovelser og informasjon

Prosjektleder: Eldri Naadland, Statens stralevern

Malsetning for prosjektet

EKO-4-prosjektet har hatt som malsetting & bidra til kompetanseutvikling for per-
sonell i beredskapsorganisasjonene, synliggjere og videreutvikle atomulykkesbe-
redskapen, bidra til felles faglige vurderinger og koordinering mellom de nordiske
land og bedre forstielsen for ulike tiltak og beslutninger i naboland gjennom felles
nordiske gvelser og et bedret system for utveksling av informasjon og data mellom
de nordiske land.

@velser arrangeres ofte for & validere planer og prosedyrer. Mellom de nordiske
land finnes det imidlertid ingen felles beredskapsplaner. Grunnlaget for de nordi-
ske gvelsene er bl.a. avtaler om varsling og informasjonsutveksling og en erkjen-
nelse av at vi sammen kan utvikle atomulykkesberedskapen bedre enn hver for oss.

@velser kjennetegnes av at de er scenarie-baserte aktiviteter med ulikt omfang som
har tre faser: planlegging, gjennomfering og evaluering. Aktiviteten kan gjennom-
fores 1 sann tid eller uavhengig av tid. Qvelser er ressurskrevende i alle faser, og
det & arrangere felles nordiske gvelser kan veare kostnadseffektivt.

Implementering av resultatene fra en gvelse regnes ikke som en del gvelsen, og
implementering av gvelsesresultatene har derfor heller ikke vert et mal i dette
prosjektet.

Aktiviteter i prosjektperioden

I prosjektperioden fra 1994-1997 har det blitt arrangert en rekke funksjonsevelser
eller pvelsesliknende aktiviteter innenfor ulike fagomréder:

e vurdering av ulykker/analyse av kildeterm (seminar, 1997)

spredning i luft (evelser og seminarer, 1995 og 1996)

doseberegning (ovelse og seminar, 1995)

senfase-tiltak i urbant milje (beslutningskonferanse, 1995)

informasjonsevelse i tilknytning til RESUMED9S (evelse, 1995)

Etter serien av funksjonsevelser ble det arrangert en storre ovelse der nordiske
maélsettinger ble koplet til den internasjonale gvelsen INEX-2-FIN (i regi av
OECD/ NEA).
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Parallelt med ovelsene har det pagatt et arbeid med a kartlegge ulike gruppers be-
hov for verktey for scenarie-utvikling, samt hvilke verktey som er tilgjengelige,
fordi planleggingsdelen av en gvelse vanligvis er svert ressurskrevende.

Arbeidet med & foresla et nordisk system for data- og informasjonsutveksling har
pagatt uavhengig av gvelsesaktiviteten.

Resultater

Resultatene fra de ulike gvelsesaktivitetene er til dels sveert ssmmenfallende. Dette
er positivt, fordi det er ulike grupper som har deltatt i gvelser pa ulike omrader og
sammenfallende konklusjoner er nyttig for et felles loft i det videre arbeidet med
atomulykkesberedskap. Konklusjonene er oppsummert i det folgende, sammen
med konkrete eksempler fra enkelte av gvelsene:

e Det er behov for & videreutvikle hjelpemidler, metoder og verktoy. Sam-
menlikning av spredningsmodeller er allerede gjennomfert flere ganger i Nor-
den, men omrader for forbedring kan fortsatt identifiseres, bl.a. kan det arbeides
mer med usikkerhet i modellene. Doseberegningsgvelsen viste at de verktay
som er i bruk er sa ulike at det er vanskelig 4 sammenlikne resultatene, og en
harmonisert videreutvikling er enskelig. Nar det gjelder vurdering av ulykker
og kildeterm, er hjelpemidlene ennd ikke ferdig utviklet, men utveksling av in-
formasjon om de verktey som finnes var nyttig bade for kjernekraftlandene og
de avrige nordiske land. Slik informasjonsutveksling kan ogsa bidra til harmo-
nisering i utviklingsarbeidet.

e Det er behov for 4 videreutvikle systemer for kommunikasjon og infor-
masjonsutveksling. Etter INEX-2-FIN, den store gvelsen, ble det anbefalt &
gjennomfare en mer detaljert studie av de ulike kommunikasjonskanaler for &
kartlegge bedre hvordan de kan utnyttes. Under beslutningskonferansen om
senfase-tiltak i urbant miljg, ble det pekt pa behovet for god kommunikasjon
mellom eksperter og beslutningstakere, mens informasjonsgvelsen fokuserte
behovet for kommunikasjon mellom eksperter, informasjonsstaber og media. |
dette prosjektet ble det ogsa utarbeidet et forslag til et nordisk system for data
og informasjonsutveksling. Et arbeid med & videreutvikle slike systemer i Nor-
den kan baseres pa dette forslaget og liknende arbeider som pagar internasjo-
nalt.

e Det er behov for & arbeide mer med innholdet i den informasjonen som
utveksles til enhver tid. Allerede i forrige NKS-periode ble det foreslatt et fel-
les format for presentasjon av spredningsmodell-resultater, men dette formatet
ble ikke implementert. Dette arbeidet kan viderefares. Nar det gjelder vurdering
av ulykker og kildeterm, er det behov for & arbeide med hva slags informasjon
om status pa ulykkesstedet og vurdering av kildeterm som skal og ber utveksles
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til hvilken tid. Dette var ogsa lerdom etter INEX-2-FIN, der det ble pekt pé at
det ber arbeides videre med hva slags informasjon som skal utveksles til enhver
tid («ngkkelinformasjony).

Nér det gjelder de mer metodiske sider ved det & arrangere ovelser, kan man pé
bakgrunn av de aktiviteter som har pagatt i prosjektet trekke fram noen resultater
og antyde omrader for oppfelging, bl.a:

Ved planlegging av gvelser ma det utvikles scenarier. Ulike grupper har ulike
behov for detaljer i scenariet, og dette ber utredes nermere for & vurdere om
man ber avsette mer ressurser til utvikling av verktey for enkelt & kunne gene-
rere pvelses-scenarier. En undersgkelse gjennomfort i dette prosjektet viste at
en rekke slike verktoy er tilgjengelige og at det tekniske potensialet pr. i dag
trolig ikke er utnyttet.

Det er risiko forbundet med gvelser, og man ma serge for at sikkerheten ved
anlegg og sikkerheten til personell ikke svekkes ved gvelser. Det er ogsé risiko
knyttet til ovelses-scenarier da disse kan bidra til & generere myter i be-
redskapsarbeidet. Det ser ut til & vere en tendens 1 nordiske gvelser til at man
velger scenarier med svert alvorlige konsekvenser. Scenariene ber ikke bidra til
a skape myter om hva slags situasjoner en organisasjon skal kunne héndtere,
hvilke grupper som trenger ovelser osv. Valg av scenario ber heller ikke bidra
til at erfaringer fra evelser ukritisk viderefores som mal og strategier for be-
redskaps-planleggingen dersom etablering av slike mal og strategier ikke var
mélet med ovelsen. Eksempelvis kan man ikke konkludere med hva slags in-
formasjonsutveksling som er gnsket eller mulig i en tidlig fase av en ulykke pa
bakgrunn av hva slags informasjonsutveksling man fikk til ved et gitt scenario.

Det finnes i dag ingen entydig terminologi eller strategi knyttet til gvelser i de
nordiske land. Det er behov for & videreutvikle en felles terminologi og meto-
dikk for gvelser. Videre arbeid med utvikling av scenarier er allerede nevnt,
men det er ogsé behov for & se pa hvordan bdde gjennomfoering (for eksempel
videreutvikle bruk av beslutnings-konferanser) og evaluering av gvelser kan
gjores mer effektivt. I tillegg er det behov for & se pa hvordan erfaringer fra
ovelser effektivt kan implementeres i planverk og i organisasjoner.

Konklusjon

@velsene som er gjennomfort i prosjektperioden har tilfert nyttig lerdom og man-
ge forslag til videreutvikling av atomulykkesberedskapen pa mange ulike fagomra-
der, bade nasjonalt og felles nordisk. Det synes imidlertid & veere behov for &
utvikle mer langsiktige planer og strategier for nordisk beredskapsplanlegging og
nordiske gvelser, samt en storre bevissthet rundt hva som er hensiktsmessig gvel-
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sesformat for & na en gitt malsetning. Dette kan bidra til 4 redusere kostnadene og
optimalisere utbyttet av de ogvelser som arrangeres.

Ovelser kan sees pa som et middel for & utvikle, harmonisere og validere planer,
prosedyrer og verktay, men arbeid med gvelser kan ogsa sees pa som et mél i den
forstand at det kan bidra til & optimalisere ressursbruken knyttet til gvelser. En okt
bevissthet rundt bl.a. disse problemstillingene vil vere fordelaktig i et fortsatt ar-
beid med nordiske ovelser. Okt bevissthet vil kunne bidra til at gvelse helt sikkert
gjer mester.
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EKO-5: Forplanering av tidiga saneringsatgirder

Projektledare: Thomas Ulvsand, FOA NBC-skydd

Om en kérnkraftsolycka intréffar inom eller utanfor Norden, med utslépp av
radioaktiva &mnen som ger en beldggningssituation i ndgot av véra lander kommer
sdkert saneringsétgérder att Overvigas. Nér och om sédana beslutas och genomfors
kommer resultatet att vara beroende pé hur vél de dr forberedda. Detta dr extra
viktigt for de tidiga atgirderna, eftersom begrénsad tid kommer att finnas till
forberedelser, som dessutom skall géras under mycket pressade forhallanden.

Arbetet inom EKO-5 har syftat till att utarbeta riktlinjer att anvindas vid
planldggning av tidiga saneringsédtgérder. Med tidiga menas i detta arbete atgérder
som maste vidtagas under de tre forsta veckorna for att vara meningsfulla. Arbetet
berdr endast atgirder som syftar till att reducera doser frén extern strélning i
bebyggda omraden.

Malgruppen for rapporten &r framst de personer med ansvar for planléggning av
atgdrder i samband med radioaktiva utslédpp som finns pé olika organisationsnivaer
i de nationella beredskapsorganisationerna.

Inom EKO-5 har en underlagsrapport tagits fram, NKS/EKO-5 (96) 18, som é&r
anvéindbar for experter i deras arbete att stodja beslutsfattare.

Arbetet har utkristalliserat sju atgdrder som kan betraktas som tidiga. De ér:
spolning av tak, viggar och asfaltytor, att klippa grismattor, att klippa trdd och
buskar, att avlidgsna snd samt att anvinda gatudammsugare. For en referensbe-
liggning av 1 MBg/m? "’ Cs har berikningar gjorts for fem boendemiljoer av
stads- eller forortskaraktér. De dr enfamiljshus i trd och tegel, parhus, hyreshus och
méngvéaningshus i stadskédrnor. For deposition under torra och vata férhallanden
beskriver rapporten de forvintade effekter som olika atgérder kan ge och vilka
praktiska, ekonomiska och skyddsmissiga konsekvenser de ger upphov till. Aven
om det inte kan anses motiverat att sitta in saneringsétgérder for att avldgsna
kortlivade nuklider, som "'I, maste de berdras i ett arbete som detta. I den tidiga
fasen, d& de aktuella atgérderna skall séttas in, kommer de att bidra med en
externdos till de personer som engageras i olika moment i saneringen. Denna dos
kan vara avsevird, upp till 10 génger storre 4n dosen fran den langlivade *’ Cs
som &tgérderna syftar till att avldgsna.

I den tidigare nimnda rapporten NKS/EKO-5 (96) 18 beskrivs de forvintade

effekterna som ‘omedelbar dosratsreduktion 1 omradet’ och ‘medelreduktion av
livstidsdosen dver 70 ar’. En uppgift om vilken medellivstidsdos som skulle bli
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resultatet om inga atgérder vidtages anges ocksé. For de riktlinjer som detta arbete
har resulterat i har reduktion i livstidsdos anvénts som den relevanta parametern.

De étgérder som ger storst effekt i form av reduktion av livstidsdos ar grés-
klippning, att avldgsna snd samt klippning av trdd och buskar. Exempelvis kan den
avstyrda livstidsdosen vid referensnivdn 1 MBq/m? uppskattas till ungefar 100
mSv i en boendemiljo av enfamiljs trahus om grasytorna klipps och grisklippet
transporteras ividg. Med undantag for vattenspolning kommer saneringsétgérderna
att ge upphov till en avfallsméngd som méste hanteras och deponeras pé ett
acceptabelt sitt.

Rapporten diskuterar slutligen saneringsatgérder och -effekter i jordbruksland-
skapet. Atgérderna som ér aktuella ir desamma som i de urbana miljéerna, men en
skillnad finns i genomfoérandet. I stadsmiljé kommer atgérder att till stor del
samordnas och genomforas av samhélleliga insatser. I jordbruksmiljon déremot
finns utrustning och erfarenhet pa de enskilda gérdarna, vilket innebér att
befolkningen sjélv kan genomfora de rekommenderade tidiga saneringsatgérderna.
Dessa kan forvintas ge ungefér en halvering av dosen ackumulerad under tre
veckor, jamfort med om inga atgérder vidtages.

Rapporten avslutas med att for 44 behandlade fall ge en végledning for planeraren.
Denna végledning ges i tabellform, med tabellhuvuden enligt foljande:

House |Expected |Staffing Equip- |Practicability, | Protec- |Influences
type effects and costs | ment and | waste tion on other
costs procedures
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SAM-4: Overgripande informationsfragor

Projektleder: Vibeke Hein, Beredskabsstyrelsen

Hvorfor et informationsprojekt?

I Norden var det ikke mindst Tjernobyl-katastrofen, der fik de ansvarlige myndighe-
ders gjne op for, at et beredskab ikke kun var et spergsmal om teknisk forméaen, om
maéleinstrumenter og -resultater. Pludselig stod man med en meget stor informati-
onsopgave. Information kom der ud til befolkningen. Nogle gange var det ikke myn-
dighedernes fortjeneste. Nogle gange tog eksperterne sig af at svare pa befolkningens
spergsmal pa bekostning af opgaver, de skulle have varetaget som eksperter.

Da de forste hektiske maneder var overstéet, var ingen i tvivl om, at informationsop-

gaven var et af de omrader, der skulle gores noget ved. Ogsé i nordisk sammenhang.

En af erfaringerne fra disse maneder hang sammen med den forvirring, der kan opsta,
nar der iveerkseattes forskelligartede indgreb i taette geografiske omrader, uden nogen
kan forklare hvorfor.

Et nordisk seminar blev afholdt i oktober 1988 med deltagelse af myndighedsreprae-
sentanter og journalister for at diskutere, hvordan man neeste gang kunne héndtere
informationen til befolkningen bedre. Dermed var grunden lagt til et vaesentligt og
frugtbart nordisk samarbejde om at give den bedst mulige information om nukleare
spergsmal til befolkningen. I de felgende ar samledes man til tilsvarende seminarer.

I projektperioden 1990 — 1993 etableredes et egentligt informationsprojekt for at
tilgodese de aspekter ved informationsopgaven, som ikke kunne belyses tilstraekke-
ligt ved seminarerne. Det drejede sig bl.a. om en faelles nordisk informationsstrategi,
om udarbejdelse af et faelles nordisk grundmateriale om nukleare emner til brug ved
den helt simple information, samt om indsamling af eksisterende nordisk informati-
onsmateriale, for at blive inspireret og undgé overfladigt dobbeltarbejde.

Der blev ved projektperioden 1994 — 1997 foreslaet et nyt informationsprojekt. Dette
blev i farste omgang ikke til noget. Men de nordiske myndigheders informationsche-
fer fandt behovet for et nyt projekt sé presserende, at de fastholdt initiativet og ved
halvarsgennemgangen af igangvearende projekter genfremsatte forslaget, der da vandt
den gkonomiske stette, der kunne satte projektet i gang.

SAM-4, Overgripande informationsfragor, har bestiet af ti delprojekter, der koncen-
trerer sig om fire emneomrader:

e Hvordan informerer man om et vanskeligt emne i et moderne samfund?

e Hvordan informerer man pa forhdnd?

e Hvordan informerer man, nar ulykken er sket?
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e Hvordan informerer man om NKS og projekter?

Det er nogle af de centrale emner, som man i de nordiske myndigheder mé tage stil-
ling til. Man kan forsege at gare det hver for sig - men resultatet bliver bedre, hvis
man hjelpes ad!

Hvordan informerer man om et vanskeligt emne i et moderne samfund?

Atomenergi, stralebeskyttelse, kernesikkerhed, atomberedskab er ord, der virker
fremmede eller eventuelt ligefrem skreemmende pé de fleste mennesker. Samtidig er
mengden af tilgeengelig information om alle mulige emner stigende dag for dag. Det
er ikke svert at forestille sig behovet for at identificere de bedste kommunikations-
kanaler og -mader.

Denne identifikation af, hvordan man i fremtiden kan informere, gennem hvilke ka-
naler det kan foregd, og hvilke malgrupper man ber koncentrere sig om, er en stor og
vigtig opgave, som hensigtsmaessigt kan lgses i et nordisk samarbejde.

I november 1996 afholdtes et seminar med hollandske eksperter. Siden midten af
80’erne har man i Holland arbejdet med at systematisere erfaringer om krisehandte-
ring i forbindelse med katastrofer. Det er karakteristisk, at befolkningen - i Holland
som i de nordiske lande - har en forventning om et hgjt niveau af sikkerhed og ser-
vice, og at det moderne samfund bergres hérdt af selv enkle, simple haendelser.

Arbejdet med at kortlaegge hvilket materiale, hvilke mélgrupper og hvilke kanaler, de
nordiske myndigheder i fremtiden skal benytte ved informationsarbejdet vil fortsatte
i den kommende NKS-projektperiode.

Hvordan informerer man pa forhiand?

Sé leenge der ikke er sket noget, kan det vaere overordentlig sveert at treenge igennem
det enorme udbud af informationer. Det er udtalt, nér det drejer sig om et emne, som
af mange mennesker opfattes som svert, utilgengeligt, maske mindre personligt
relevant.

Ikke desto mindre er det meget vigtigt, at der er nogen, der kender emnet indgéende,
inden der sker noget stort og omfattende. Fordi misforstaelser om svere, tekniske
forhold lettere opstér under tidspres. Selv hvis befolkningen havde en tilbundsgéende
indsigt i emnet, ville der veere behov for i en ulykkessituation at kommunikere for-
holdsregler ud. I den sammenheng er myndighederne athaengige af medierne.

Hvis dialogen mellem myndigheder og medier/journalister skal vaere frugtbar, kraever

det evne hos myndighederne til at udtrykke sig peedagogisk og forhdndsviden hos
journalisterne, sa de har forudsetninger for at stille de rigtige spergsmal. Ingen af
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delene kan etableres den dag, en stor, akut situation er opstéet. Det er derfor af stor
betydning, at man giver medierne/journalisterne lejlighed til at seette sig ind i emne-
omradet. Det er i myndighedernes interesse at bidrage med oplysninger inden for
eget ansvarsomréde for at tydeliggere referenceforhold.

For at fremme dialogen mellem myndigheder og journalister har der veret atholdt et
nordisk Tjernobyl-seminar og gennemfort et journalistkursus til Kola/Murmansk.
Det veesentligste udbytte ved disse arrangementer er de kontakter, der er skabt, de
diskussioner, der er fort, og den forstaelse, der er skabt grundlag for - hos de journa-
lister, der skal formidle oplysninger og beslutninger den dag, hvor der er rygte om en
ny ulykke, eller hvor den er indtruffet.

Den umiddelbare informationsmulighed fra myndighederne til borgerne dakkes fort-
sat pd traditionel vis gennem udsendelse af pjecer (brochurer), videoer og hjemmesi-
der. For at sikre udbredt nordisk kendskab til myndighedernes informationsmateria-
ler, er en tidligere etableret liste revideret og ajourfert. Listen tjener til inspiration,

effektivisering og koordinering af nordisk informationsmateriale fra ansvarlige myn-
digheder.

Der er i gvrigt for forste gang i NKS’ historie lavet en samlet oversigt over alle pro-
jektrapporter, s& man kan danne sig et indtryk af, hvad der eksisterer af kildemulig-
heder.

Hvordan informerer man, nar ulykken er sket?

Der har ikke i perioden 1996 — 1997 veeret egentlige ulykker pa atomkraftvaerker pa
denne halvdel af jordkloden. Der har derfor ikke veret anledning til at afpreve in-
formationsberedskabet ved en virkelig stor haendelse. Til gengeaeld har der veret af-
holdt to atomberedskabsgvelser i internationalt regi, som alle de nordiske lande del-
tog 1.

I den forste, INEX-2-CH, november 1996, var Schweiz vartsland for ulykken, som
ikke udviklede sig ret langt. Den gav anledning til nogen udveksling af informationer
mellem de nordiske lande, primart om forholdsregler, rejserestriktioner og lignende.
Informationscheferne segte med begranset held at anvende e-mail ved kommunika-
tionen. Det viser sig altid vanskeligt at fa plads til ret mange selvvalgte telefonsam-
taler under et hektisk forlab, hvorfor den elektroniske kommunikationsform med
fordel kan anvendes. Mange informationer ber udveksles sa hurtigt som muligt: ind-
greb og begrundelsen for dem, prognoser for katastrofeudvikling m.m.

I den anden, INEX-2-FIN, april 1997, var Finland vertsland, og der blev indlagt

specielle nordiske haendelser i ovelsesforlobet. Et af disse nordiske elementer drejede
sig om information.
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Det er almindeligt under gvelser at have en eller anden form for presseindspil. Ud
over et "almindeligt" informationsspil var det besluttet at lave et ensartet mediepres
pé de beslutningstagende myndigheder. Det blev etableret ved nationalt udsendte
journalister til ulykkeslandet, hvor de refererede hjem fra pressekonferencer o.lign.
Dette betad et tidsmessigt pres for de ansvarlige myndigheder, der specielt tidligt i
forlebet endnu ikke havde modtaget de tilsvarende oplysninger fra de finske myndig-
heder. Da der er tale om et meget realistisk forhold, gav det en veesentlig treening for
alle, der skal formulere sig i situationen.

Det er meget vigtigt at lade eksperter og journalister gve sammen, sd man kan lere
hinandens sprog og behov. Desuden er gvelser med til at udrydde myter eller forhin-
dre, at de opstér. Det er ofte de forste meddelelser, der er med til at "dimensionere"
katastrofen i offentlighedens bevidsthed, og det er derfor af stor betydning, at de
anvendte ord ikke kan misforstés.

Hvordan informerer man om NKS og projekter?

Det nordiske samarbejde om nukleare forhold har eksisteret leenge og har bevist sin
eksistensberettigelse gennem mange projektresultater. Men der er ikke mange uden
for deltagerkredsen, der kender meget til det arbejde, der geres. Det blev derfor for-
muleret en NKS-informations-policy eller en kommunikationsstrategi for NKS. Fx

skal

“NKS’ interne og eksterne kommunikation /.../ effektivt bidrag til at NKS’
mal opfyldes. Den skal gennem &ben, aktiv og korrekt information befzeste
billedet af NKS som en kompetent organisation. Kommunikationen indenfor
og udenfor NKS-kredsen skal lede til godt kendskab til det nordiske samar-
bejdet og om resultatet af virksomheden sa at resultatet kommer til praktisk

nytte.

Information om NKS-arbejdet og dets resultat kan spredes gennem tekniske
rapporter, videnskabelige artikler, populeere sammenfatninger, brochurer,
www-sider, seminarier etc. og gennem deltagelse i internationalt samarbejde.
Kendskab til saerligt interessante resultater ber spredes gennem pressemed-
delelser. Medierne ber indbydes til preesentationer som bedemmes vaerende
af almen interesse.”

Desuden styrkes det eksterne billede gennem et samlet grafisk program for alle
NKS-publikationer. Der er udarbejdet et forslag til denne nye grafiske profil, som
dog af praktiske hensyn ikke kan implementeres for naste projektperiode. For at
inspirere til informationsopgaven afholdtes et seminar for projektledere og projekt-
deltagere i1 Stockholm i oktober 1997.
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SAM: Samordningsfunktion

Projektleder: Torkel Bennerstedt, eksekutivsekretzer

Konsortialgruppe

Styrelsen

Eksekutivsekreteer

projektopfelgning

SAM

tillegs-
. finansierer |

deltagelse

reaktorsikkerhed affald radiogkologi beredskab information
RAK AFA EKO

referencegruppe ref.-gruppe referencegruppe

RAK-1] | RAK-2 [AFA-] EKO-1]| EKO-2][ EKO-3] [ EKO-4] [EKO-5 |[SAM-4

Figur 1. Nordisk kernesikkerhedsforskning - organisationsdiagram:
Konsortialgruppen, som bestar af hovedfinansiererne (parterne) i de fem nordiske
lande, beslutter arligt om tildeling af midler. Yderligere midler kommer fra et antal
tilleegsfinansierere. Styrelsen har det overordnede ansvar for
sikkerhedsprogrammets gennemforelse og godkender programmets &rsrapporter.
Referencegrupperne folger arbejdet og vejleder projektlederne, som er ansvarlige
for planlegning, gennemforelse, rapportering og ekonomi for deres projekter.
Eksekutivsekretceren er ansvarlig for hele programmets administration og
overvéger, at arbejdet gennemfores ifolge NKS' intentioner. Han leder
sekretariatet og dets samordningsfunktion med gkonomisk forvaltning, kontakter
mod st og EU, samt informationsvirksomhed.
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Finansiering

De sex huvudfinansidrernas bidrag uppgér normal till cirka DKK 9 miljoner per ér.
Darutover bidrar ett stort antal tillaggsfinansidrer med sammanlagt minst DKK 1
miljon per ar.

Utover det rent ekonomiska stodet fran huvud- och tilldggsfinansidrerna bidrar ett
stort antal nationella myndigheter, foretag och institutioner till verksamheten
genom odebiterade arbetsinsatser, laboratorieresurser, sekretariatshjélp, res-
kostnader etc. Detta stod motsvarar totalt omkring tva gdnger NKS’ normala
budget, och det ar helt klart att utan dessa ytterligare bidrag skulle NKS-
programmet inte kunna genomforas.

Referensgrupper

Projektledarnas arbete har stotts av tre referensgrupper: en vardera {or reaktor-
sdkerhetsprojekten (Bjern Thorlaksen, Beredskabsstyrelsen, for RAK-1 och RAK-
2), avfallsprojektet (Erling Stranden, Statens strélevern, for AFA-1) samt ekologi-,
beredskaps- och informationsprojekten (Sigurdur M. Magnusson, Geislavarnir
rikisins, for EKO-1, EKO-2, EKO-3, EKO-4, EKO-5 och SAM-4). Referens-
gruppernas ordférande har rapporterat om projektstatus till NKS’ styrelse vid dess
mdten. Det dr formellt styrelsen som utser medlemmarna i referensgrupperna samt
ordforande. Varje tilldggsfinansiér dr beréttigad till en deltagare i valfri
referensgrupp.

Referensgruppernas medlemmar ska representera fackkunskap pa hog niva och ér
experter frdn myndigheter, forskningsinstitutioner och andra organisationer. De
kan dven hdmtas frén andra nationella eller internationella forskningsprogram av
intresse for NKS. Om mgjligt forsoker man undvika att referensgruppsmed-
lemmarna aktivt deltar i projektarbetet.

Referensgrupperna ska dvervaka att projektarbetet foljer de riktlinjer som dragits
upp av styrelsen. Detta inkluderar uppgjorda arbets- och tidsplaner och givna
ekonomiska ramar. Grupperna ska vidare formedla kontakter till annat nationellt
och internationellt arbete inom respektive projekts ansvarsomrade. Slutligen ska
referensgrupperna beddma projektresultaten, vid behov foresla styrelsen dndringar
i projektinnehall eller budget samt beddma tekniska rapporter och slutrapporter
fran projekten. Exekutivsekreteraren deltar i referensgruppernas arbete och haller
lopande kontakt med referensgruppernas ordforande och projektledarna.

Sekretariatet

Sekretariatet er i 1994 og 1995 blevet varetaget af H.C. Segrensen, Risg. - Siden
1.1.1996 er sekretariatsfunktionen blevet udfert af Risgs sektion FRIT,
Forskningsradenes Instrument Team ved Annette Lemmens og Finn Physant.
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Sekretariatet har haft folgende hovedopgaver i hele perioden:

e konomisk forvaltning og revision

e Bogforing og udbetalinger

e Medvirken ved fremstilling af administrative dokumenter og rapporter f.eks.
halv- og helarsrapporter, projekthaindbog og adresselister

e Assistance ved udsendelse af materialer (rapporter, medeindkaldelser,
medematerialer et.c.) til referencegrupper, projektledere m.fl.

e Assistance ved arkivering samt organisering af bibliotekstjeneste og
sekretariatsassistance

Derudover har sekretariatet siden 1996 pataget sig en ny vaesentlig opgave:
e Opbygning, udvikling og drift af NKS" hjemmesider

Ydermere forestir sekretariatet som noget helt nyt:
e udgivelsen af programperiodens slutrapportering pA CD-ROM

Et vaesentligt formél er for sekretariatet at vere stottefunktion for projektlederne.
Dette geelder indenfor alle de nevnte hovedopgaver.

Den arlige arbejdsindsats for udferelsen af ovennavnte opgaver har varieret
mellem ca. en halvtids og ca. en heltidsstilling. - I 1997 var indsatsen ca. en
heltidsstilling.

Okonomi og regnskab

Til programmets daglige drift har sekretariatet staet for udbetalinger, bogfering og

administration af de forskellige projektkonti pa grundlag af inputs fra exekutiv-

sekreteeren og projektlederne. - Den daglige drift indebarer en del lebende

justeringer for de ekonomiske og regnskabsmeessige procedurer - f.eks.:

o justeringer af kontoplanen ud fra projektledernes behov og ensker - aftalekonti,
overforsler fra eet projektar til det folgende m.m.

o opmarksomhed omkring de enkelte landes momsprocedurer for at sa vidt
muligt undgd momsudgifter

o indferelse af tidssvarende regnskabssystemer - senest i 1997 har vi indfert det
nye Navision-software, som pa sigt vil kunne anvendes til praeesentation af data
pa internettet

Arligt aflaegger sekretariatet regnskab for perioden 1.2.-31.1. - Regnskabet

fremlaegges til revision underlagt Rigsrevisionens myndighed og tiltreedes af
styrelsen og konsortialgruppen.
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Hjemmesider

I august 1996 startedes NKS’ forste hjemmeside pé adressen:
http://www.risoe.dk/nks. Denne hjemmeside er offentligt tilgaengelig for
praesentation af programmet, og indeholder beskrivelse af NKS, publikationer samt
projektbeskrivelser med links til nogle af projekterne.

I juni 1997 startedes NKS™ anden hjemmeside. P4 en anden adresse med password-
beskyttelse finder NKS-kolleger p.t.: adresseoversigt for NKS-deltagere,
kalenderen (hvad sker der i NKS?), budget 97, evaluering af programmet 1994-
1997, nyt NKS-program (1998-2001), projekthandbogen samt slutrapporter.

Begge disse hjemmesider har det overordnede formal lebende at forbedre
mulighederne for kommunikation og samarbejde i NKS. Den offentligt
tilgeengelige hjemmeside har yderligere det formal at informere om NKS"virke og
kernesikkerhed. - I gjeblikket benyttes MS-produkterne FrontPage (som html-
editor) og Explorer (som browser).

CD-ROM-slutrapport

Da det i lobet af 1997 stod klart, at det var muligt savel teknisk som gkonomisk,
besluttedes det at gennemfore periodens slutrapportering pd CD-ROM. - Nér alle
bidrag til rapporten foreligger i endelig version, vil disse sammen med et udvalg af
periodens andre NKS-publikationer blive udgivet pd CD-ROM.

Mgoder

Sekretariatsmoder

Som en nyttig rutine for kontinuiteten i sekretariatets arbejde atholdes mede med
exekutivsekretaren ca. en gang om maneden for gensidig orientering, opfelgning
og planlegning i forhold til de lebende opgaver.

Projektledermeder

Sekretariatet stod for at arrangere projektledermedet pa Risg d. 18.-19.3.1996.
Dette blev en positiv og nyttig anledning til at styrke samarbejdet med
projektlederne. - Dette blev udbygget yderligere med sekretariatets deltagelse i
projektledermadet hos Statens stralevern i Oslo d. 19.-20.2.1997.
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