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1 Introduction
From January 1, 2002, the name of the department was changed from “Nuclear
Safety Research” to “Radiation Research”, so this is the last annual report from
the Nuclear Safety Research Department. The reason for the change is that the
new name better encompasses the work of the department, which is primarily
concerned with research related to radiation protection, environmental radioactivity and applications of nuclear methods in research, industry and medicine.
2001 was the last year of the second performance management contract between Risø and what is now called the Ministry of Science, Technology and
Innovation. A new contract has been signed covering the period 2002-2005. In
the beginning of 2001 Risø went through an international evaluation, which was
very positive for Risø as well as for the department.
From April 2001 the Applied Health Physics section was transferred from the
Nuclear Safety Research Department to a new department called Risø Decommissioning, which includes the former Nuclear Facilities Department. Hence the
work of the Applied Health Physics section in 2001 is not described in this report. Risø Decommissioning has the task of preparing for the decommissioning
of Risø’s nuclear facilities and take care of the management of radioactive
waste. It is planned that Risø Decommissioning shall be transferred to a new
state company, called Danish Decommissioning, probably in 2003.
During the spring of 2001 the department moved to new renovated premises
on the western part of the Risø peninsula.
In 2001 the research of the Nuclear Safety Reseach Department was organised
in two research programmes: “Radiation Protection and Reactor Safety” and
“Radioecology and Tracer Studies”. In addition the work of the department included two tasks: “Dosimetry” (including personnel dosimetry and industrial
dosimetry) and “Irradiation and Isotope Services”.
The research and development work of the department is carried out in close
co-operation with Danish and foreign universities and research institutes and
also with the Danish nuclear and radiation protection authorities. The department participates in national and international research programmes including
the European Commission research programmes and the Nordic Nuclear Safety
Research Programme.
This report presents a summary of the work of the department in 2001 with an
emphasis on the results of the research and development activities. Lists of publications, committee memberships and staff members are included.

2 Radiation protection and reactor
safety
The Radiation Protection and Reactor Safety Programme carries out research
and development in the fields of radiation protection, dosimetry, and reactor
safety. The aim is to contribute to the protection against the harmful effects of
ionising radiation through co-operation with the Danish nuclear and radiation
protection authorities and to develop new methods and new applications of nuclear methods in research and industry.

4
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2.1 Luminescence dosimetry
Single-grain OSL techniques
In the assessment of the radiation dose received as a result of a nuclear accident,
considerable attention has been paid to retrospective dosimetry using heated
materials such as household ceramics and bricks. However, unheated materials
such as mortar and concrete are more commonly found in industrial sites and
particularly in nuclear installations. These materials contain natural dosimeters
such as quartz grains, which are usually much less sensitive compared to those
found in heated materials. The potential of quartz extracted from mortar in a
wall of a low-level radioactive-waste storage facility at Risø containing distributed sources of 60Co and 137Cs has been investigated using the single-grain OSL
apparatus recently developed at Risø. The wall has been exposed to radiation
from the stored radioactive materials for 11 years. We have measured the dose
distributions in small aliquots (~ 75-100 grains) and individual grains of quartz
extracted from this mortar, and from these derived a dose-depth curve into the
wall (see Figure 2.1). These results compare very well with those obtained from
heated quartz and polymineral fine grains extracted from an adjacent brick, and
the integrated dose recorded by environmental TLDs (also seen in Figure 2.1).

Quartz extract (Mortar)
TLD
Quartz extract (Brick)
Fine grains PIR-Blue (Brick)
Single grains (Mortar)
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Figure 2.1. OSL dose-depth profiles measured using different materials
extracted from the outer wall of a radioactive-waste storage facility.
Household and workplace chemicals as retrospective accident dosimeters
Other unheated crystalline materials found in the domestic and industrial environments, may also act as potential retrospective dosimeters with high sensitivity. We have surveyed the thermoluminescence (TL) and optically stimulated
luminescence (OSL) characteristics of several household and workplace chemicals. These chemicals are often held in light-tight packaging, which is important
for keeping the TL and OSL signals stable. Also these materials are likely to
have been manufactured recently, which limits the size of the likely background
dose.
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We found that common salt, washing powder, dishwashing powder, and water
softener in solid form have strong OSL sensitivity. Fading was detected to be
negligible for short-term dosimetry, which always would be likely for this class
of materials. A general lower detection limit of less than 20 mGy was derived
from the experiments and we conclude that household chemicals should be seriously considered as potential dosimeters in the event of an accident involving
ionising radiation.
Clinical dosimetry
The optical fibre dosimetry system for real-time in-vivo dosimetry in radiotherapy recently developed at Risø has been further tested in real clinical environments. The system measures the optically stimulated luminescence (OSL) and
radioluminescence (RL) signals from solid-state dosimeters made of carbon
doped aluminium oxide (Al2O3:C). Several Al2O3:C fibre dosimeters have been
tested using experimental 90Sr/Y, 137Cs and 60Co radiation sources and in clinical beams of 6 MV and 18 MV photons and 20 MeV electrons at various dose
rates. The experiments showed that the OSL and RL signals increased linearly
with absorbed dose and dose rate in the ranges 0.1 mGy to 100 Gy and 0.6
mGy/min to at least 3 Gy/min, respectively, which well matches the clinical
ranges. The overall precision was in the order of 1 %. Figure 2.2 shows the optical probe mounted on a water phantom in an experimental gamma irradiation
facility.

Figure 2.2. The optical probe mounted on a water phantom in an experimental
gamma irradiation facility.

2.2 Natural radioactivity
Radon in houses and the risk of childhood cancer
In 2001, an epidemiological study was initiated to investigate if radon in Danish
houses is correlated with the occurrence of childhood cancer. Denmark has
about 150 such cases every year, the cause of which is unknown. The study is
motivated by results from the latest national radon survey (published in 2001)
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that showed a considerable variability in radon level from house to house, and
that a significant part of this variability can be explained by factors relating to
house construction and geology. The epidemiological study uses a database
from the Danish Cancer Register with 2400 leukaemia and other cancers diagnosed from 1968 to 1994 among Danish children. Included in the study are also
about 6700 matched control children. The project is lead by the Danish Cancer
Society. Other participants are: the National Institute of Radiation Hygiene, the
National Survey and Cadastre (KMS), and the Geological Survey of Denmark
and Greenland (GEUS). The Danish Research Centre for Environmental Health
(ISMF) finances the project.
Radon as a tracer of sub-marine groundwater
Two naturally occurring radioactive isotopes, radon-222 and radium-226, have
been measured in Eckernförde Bay as part of the EU project called "Sub-Gate".
The purpose has been to identify and quantify submarine groundwater discharge. The study is based on the hypothesis that submarine groundwater is enriched in radon and radium such that sufficient discharge will increase the level
of these isotopes in the vicinity of the point of discharge. To this end, a relatively detailed mapping study has been carried out with five cruises to the bay
and more than 200 samples of seawater, groundwater and sediments. The study
showed that the groundwater 6 m below the seafloor has a radon-222 concentration about three orders of magnitude larger than that of the seawater, and that
submarine groundwater discharge probably creates the steep gradients of both
radon-222 and radium-226 observed at some of the sampling stations in the central part of the bay. From the measured data and a simple inventory model, we
assess that the total discharge of submarine groundwater to the bay is less than
0.14 m3/s per km2.

2.3 Emergency preparedness
Nordic project: Nordic Nuclear Safety Research (NKS)
Risø has been leading the NKS project on nuclear emergency preparedness,
BOK-1, which was carried out in 1998-2001. The BOK-1 project comprises a
number of activities aimed at developing and improving nuclear emergency
preparedness. The activities supported by the project include surveys of techniques and equipment, workshops and exercises aimed at developing and testing
emergency response plans and people, techniques and equipment, as well as
research activities aimed at improving ways to monitor and model the radiological impact of nuclear accidents and develop response plans.
The project consists of six sub-projects: Laboratory measurements and quality
assurance (BOK-1.1); Mobile measurements and measurement strategies (BOK1.2); Field measurements and data assimilation (BOK-1.3); Countermeasures in
agriculture and forestry (BOK-1.4); Emergency monitoring in the Nordic and
Baltic Sea countries (BOK-1.5); and Nuclear exercises (BOK-1.6). The BOK-1
project has arranged 8 seminars or workshops, four intercomparison exercises
and three field exercises and has produced 20 technical reports. Project results
have been summarized in the BOK-1 Final report, March 2002.
Atmospheric dispersion experiment
An atmospheric dispersion experiment was conducted using a visible tracer
along with the routine releases of argon-41 from the BR1 air-cooled research
reactor in Mol, Belgium. In the experiment, simultaneous measurements of the
radiation field from the 41Ar decay, the meteorology, and the 41Ar source term
and plume geometry were performed. The visible tracer was injected into the
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reactor emission stack, and the plume cross section determined by Lidar scanning of the released aerosols. The data collected in the exercise provide a valuable resource for atmospheric dispersion and dose rate modelling. The dispersion experiment has been a central part of a Ph.D. project on data assimilation in
atmospheric dispersion of radioactive materials.
The Danish early warning stations
The Danish Emergency Management Agency operates a nation-wide early
warning system (PMS) consisting of 11 measuring stations. Risø is a parallel
operator of the system and maintains its measuring equipment. The system has
been in continuous operation during 2001 except for short-term interruptions of
some of the stations due to technical changes. These changes included the
movement of the PMS computer to the new premises for the department in
building 201 and the replacement of the GK communication network with
standard telephone lines. A further modernisation of the system is planned for
2002.
The Danish early warning system is attached to the EU Radioactivity Data
Exchange Platform (EURODEP) based at Ispra in Italy. 22 countries exchange
measurements under this system. In 2001, 18 new measuring stations were
started, increasing the number of early warning stations in the European system
from 1605 to 1623.

2.4 Contamination physics
Making sense of Chernobyl
In the years 1999 – 2001 Risø together with SPAN Consultants in the Netherlands and STUK in Finland have conducted an EU Tacis project entitled: Addressing the clean-up and the secondary medical effects of the Chernobyl disaster. Risø had the role of ‘team-leader’ in the project. The scope of the project
was:
“To contribute to minimising the environmental and secondary medical effects
resulting from the Chernobyl disaster by improving the public perception and
awareness of these effects”. The outputs hoped for were clear: “Preparation and
delivery of information and services to the local population, including training
of trainers and grass-root interlocutors”.
The project was defined as a communication project consisting of 15 pilot
projects, 5 in each of the 3 republics: Belarus, Russia, and Ukraine. It is evident
that the identification of topics and audiences, assigning priorities and translating the results into discrete projects was not easy, however, in the end, a master
list of 15 projects was completed along the following lines, beginning with the
major research themes:
• Dose reduction techniques in agriculture, to be developed in Svetilovichi State Farm, near Heinicke in the Gomel Region of Belarus.
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•

The behaviour of both residents and visitors to the forests near Vulka 2,
in the Luninets District of the Brest Region in Belarus.

•

A technical, pre-investment survey, conducted in Ukraine. In the search
for alternative fuels and energy sources: is it possible to make use of
contaminated wood for energy production?

•

An analysis of the impact of the Chernobyl accident on the water sys-

tems of the affected zone, including the Pripyat and Dnieper rivers.
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•

The Living conditions from both a health- and a socio-psychological
viewpoint, in the Savichi village in the Bragin District, of the Gomel
Region of Belarus.

•

Decontamination techniques, including self-help techniques, as demonstrated in two villages, Svetilovichy and Dubovy Log, in the Vetka District of the Gomel Region.

The remaining pilots were devoted to special interest groups, particularly those
in a position to validate and extend information on Chernobyl:
•

Updating and practical orientation for doctors and nurses was piloted in
the Klintsy District, in the Bryansk Region of Russia.

•

Training and materials for teachers in the Tula Region in Russia were
piloted, designed to tie in with the national school curriculum.

•

In Korosten, a town in the Zhitomir Region, Ukraine, work in the local
community involved social and community workers from a newly established Centre.

•

A special training programme in radiation issues was mounted in Belarus, for specialists in the SES (the sanitary-epidemiological service)
drawn from the regions of Gomel and Mogilev.

•

Work with local administrators from seven districts in the Bryansk region in Russia was based on a special needs assessments survey.

•

Regional planners often lack detailed information on which to base their
decisions – both scientific and normative. This was to be rectified in
Ukraine, initially in two regions – Zhitomir and Rivne – by providing
them with an interactive CD-ROM.

•

Information is also often lacking at the national level, for parliamentarians and their specialist advisers. A second CD-ROM was directed towards this influential audience.

•

Ecologists – and especially teachers and students – need to evaluate
many different perspectives of the Chernobyl accident and to integrate
their findings. This was promised in an experimental CD-ROM looking
at Chernobyl through the three dimensions of nature, the individual and
society.

•

Finally, the most directly affected audience: the liquidators. They have
a special need for expert, credible advice on the Chernobyl aftermath.

The lesson learnt from this large project is that timely communication with key
groups in the affected areas is crucial in handling the aftermath of a nuclear accident. It is also clear that there is no all-purpose strategy for communication
applicable to all situations and problems; each new case needs to be contextualised and independently analysed.
This has to be borne in mind when extending the pilot projects or constructing
new designs. At the present stage, however, the most immediate concern is for
the future of the pilot projects themselves. They have been designed in a limited, flexible and experimental way so that the experience acquired can be put to
greater use in the future. At the present stage of the Chernobyl accident followup, intensive communication and socio-psychological consideration will be the
basis for the success of any future countermeasure project launched in the Former Soviet Union.

Risø-R-1318(EN)
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2.5 Reactor safety
The DR-2-project
Work on the DR-2-project has continued during the year. The remaining movable components in the reactor tank, in particular the beryllium reflector elements, were taken out, deposited in containers and sent to the waste treatment
plant of Risø. The total activity of all removed components was measured and
the radionuclides identified. The dominating activity was due to 60Co. For
longer components the activity distribution along the components was measured
too. The total activity of all components removed from the reactor tank was 28
GBq. After the removal the radiation level at a number of points in the reactor
tank was measured by use of dosimeters and a number of construction components were inspected and their activity measured. The work was carried out as
planned without any unexpected events.
To allow activation calculations for the DR-2 to be carried out, a compilation
of geometric and material data for the reactor was prepared. By use of these
data some preliminary neutron flux calculations were performed with a Monte
Carlo code. A subsequent activity calculation on the DR-2 concrete shield was
made and it showed reasonable agreement with activity measurements from two
radial bore samples of the concrete.
The Nuclear Knowledge Preparedness Group
The group, whose members come from Risø National Laboratory, the Nuclear
Office of the Emergency Management Agency and the Technical University of
Denmark, published its annual report on the international status of nuclear
power and held two half-day seminars.
Co-operation with Latvia on Research Reactor Decommissioning
A study of the Salaspils reactor data available at Risø was carried out. It was
found that more data had to be obtained to perform activation calculations on
this reactor. The manual with geometry and material data prepared for the DR-2
was translated into English to demonstrate to the Salaspils project what data
was needed.
Nordic Project on Nuclear Risks from Areas close to the Nordic Countries
A status report containing available information on the nuclear vessels of the
Northern Fleet and the Russian icebreaker fleet was prepared. The report discusses the nuclear vessels and their reactors, the decommissioning of nuclear
vessels, spent fuel handling, accidents with Russian nuclear vessels, submarines
with damaged cores and the threats posed by these vessels to the Nordic countries. The report will be published as a NKS document.
Nordic Reactor Physics Conference
Risø National Laboratory was organiser of the 10th Conference on Reactor
Physics Calculations in the Nordic countries. The conference took place in
Roskilde, May 14-15, and had 30 participants and 15 papers. A new topic, reactor physics aspects of decommissioning, was included in the program.
Calculation of heat dissipation in the moderator tank of Forsmark 1
The moderator tank at Forsmark 1 was planned to be replaced in 2001 due to
irradiation damage from fast neutrons after being in operation for 20 years. One
of the dimensioning parameters is the maximal wall temperature during operation, which has to be below 300o C to minimise stress build up. The heat dissipation in the moderator tank is due to the absorption of gamma radiation

10
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Calculation of the gamma dose was made with a Monte Carlo code MCNP
similar to a normal neutron flux calculation, with focus on energy tally in each
MCNP-cell instead of flux tally. A so-called (n p) (neutron photon) calculation
is made with MCNP, taking both neutron and gamma processes into account.
The heat deposition is shown in table 2.1.
Table 2.1. Heat deposition in the moderator tank wall at the centre of the core.
The left column is closest to the core
1.32 w/cm3
0-8 mm

1.02 w/cm3
8-16 mm

0.82 w/cm3
16-24 mm

0.64 w/cm3
24-32 mm

0.52 w/cm3
32-40 mm

In Figure 2.3 is shown the temperature distribution in the moderator tank wall
assuming a surface temperature of 286oC (saturation temperature at 70 bar) at
both the inner wall and at the outer wall (down comer). The temperature 286oC
at the outer wall is conservative because it corresponds to a feed water temperature of similar size. In practice the feed water temperature is 180oC and the
outer wall temperature about 274oC.
It is seen, that the max temperature of the new moderator tank at Forsmark 1
(292.5oC) is well below 300oC even in the most conservative case. It is also
clear, that the max temperature of the old moderator tank, with a wall thickness
of 25 mm, was also safely below 300oC.

Figure 2.3. The temperature distribution in radial direction in the
moderator tank at the core central plane level.
Assumptions:Inner surface=286o C, Outer surface=286o C
Heat capacity=0.51 J/gr/o C; Heat conductance=0.25 J/cm/sec/o C.
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3 Radioecology and tracer studies
The research programme on radioecology and tracer studies focuses on the occurrence and transport of man-made and naturally occurring radioactivity in the
environment and the radiological impact on man. The programme participates
in a number of international projects supported by the European Commission
concerning studies of radionuclides in terrestrial and marine environments. Investigations of environmental radioactivity in Denmark, the Faroe Islands and
Greenland are carried out and the results reported to national authorities and
international organisations.

3.1 The role of mycorrhizal fungi in uptake of radionuclides in plants
Risø participates in an EU-funded project with the aim of focusing on the role
of micro-organisms, in particular mycorrhizal fungi, which probably play an
important part in the soil-to-plant transfer because they have the possibility to
act on solubilization/immobilisation and complexation processes in the soil.
Their role in the general radioisotope cycling in soils are however practically
unknown.
In order to study the influence of mycorrhizae on the plant uptake an in vivo
experimental system has been developed and tested to study the impact of mycorrhizae on the bioavailability of caesium. It was shown that the transport of
Cs by mycelia from a root-free soil compartment could be directly measured
independent from the uptake by roots.
The experimental system was of the cross-pot type
and was constructed from 50-mm diameter PVC tubing. It consisted of a soil-filled main root compartment and a soil-filled side compartment separated
from the main compartment by a nylon mesh. A
mesh size of 37 µm was chosen to prevent roots
from growing into the side compartment. The side
arm was first filled with a 25 mm layer of noncontaminated soil, such that radionuclides were not
readily available to root uptake. This was followed
by a 15-mm layer of 134Cs contaminated soil. Medicago truncatula, a common test plant in mycorrhizal
research, was grown in all pots. Mycorrhizal and
non-mycorrhizal plants of radionuclide treatments
were harvested after 27, 37 and 47 days.
The measured levels of 134Cs in the plants at the
three harvest times are shown in Figure 3.1.1. MyCs-134 / Sr-85
corrhizal plants clearly contained more 134Cs than the
non-mycorrhizal plants. However, mycorrhizal
plants were also larger than the non-mycorrhizal.
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Figure 3.1.1. Caesium-134 activity in M. truncatula shoots from individual
AMF- inoculated and non-inoculated pots harvested 27, 37 or 47 days after
planting (AMF = Arbuscular Mycorrhizal Fungi).

3.2 Outflow of Chernobyl derived 137Cs from the
Baltic Sea through the Danish Straits
Three main sources have influenced the anthropogenic radioactivity in the Danish Straits: fallout from the atmospheric nuclear tests in the 1950´s and 1960’s,
discharges from the European nuclear fuel reprocessing plants Sellafield and La
Hague and the Chernobyl accident. The latter contaminated the Baltic Sea with
around 5 PBq of 137Cs in 1986. This Chernobyl contamination is still the dominant source of 137Cs in the Baltic and the Danish Straits 15 years after the accident whereas the present levels of 99Tc originate mainly from Sellafield.
The exchange of water between the Baltic Sea and the North Sea is slow. The
connection to the North Atlantic is restricted through the Danish straits with two
shallow sills determining the border between the Baltic and the transition zone:
Flinterenden in Øresund with a sill depth of 8 m and the Dars sill between Gedser and Darsser Ort with a maximum depth of 18 m (Fig. 3.2.1). A driving force
in the Baltic water exchange is the fresh water surplus from river run-off estimated as 473 km3 yr-1. This amount of water constitutes the net outflow leaving
the Baltic through the surface layer in the Danish Straits. Based on this and on
knowledge of the salinity conditions in the Danish straits obtained since the beginning of the last century, the mean Baltic outflow has been estimated as 1107
km3 yr-1 with a salinity of 8.6 ‰, and the inflow as 634 km3 yr-1 with a salinity
of 15 ‰. The inflowing North Sea water is gradually entrained in the outflowing surface water leaving the Baltic Sea. Therefore the surface water salinity is
gradually increasing from the Baltic to the North Sea. Using the above data and
setting pure Baltic surface water to 7 ‰ and pure North Sea Water to 34 ‰, a
mean residence time for the 21580 km3 Baltic water volume may be calculated
as 29 years equivalent to a half-life for the water of 20 years.

Risø-R-1318(EN)

13

Kattegat











Flinterenden







Baltic Sea


 Darss Sill

Sampling locations, Danish Straits
Figure 3.2.1. Sampling locations in the Danish straits.
Data on 137Cs in Danish waters have been collected semi-annually since 1972.
Linear regressions of radionuclide concentrations versus salinity are used to
estimate the time-trend in the different water masses characterised above. 137Cs
is dominated by the low-saline Baltic outflow whereas 99Tc is linked to the inflowing North Sea salt water. The linear trends for the two radionuclides depicted as a function of salinity (Fig. 3.2.2) show a conservative mixing of the
low-salinity Baltic water with the high-salinity Atlantic water through the Danish straits. Based on 1991 – 2000 137Cs data and the flow rates described above,
a net outflow from the Baltic can be calculated as 39 TBq in year 2000. This
value shows an exponential decrease 1991 – 2000 with an observed halflife of
13.4 years. When the physical half-life of 137Cs (30.17 yr) is subtracted, the
“stable” caesium net outflow may be described by an exponential decrease with
a halflife of 24 years. This may be compared with the Baltic water half-life calculated above as 20 years. In the calculation above, no account has been taken
of sedimentation of 137Cs. Caesium is known to show a significant sedimentation – especially in the brackish, particle rich Baltic Sea. Thus before the Chernobyl accident, sedimentation of 137Cs was a significant parameter for inventory
calculations. If the indication of no net sedimentation is valid, the explanation
may be that the current sedimentation is counterbalanced by remobilization of
earlier sedimented 137Cs and of the 137Cs content in the river inflow.
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Figure 3.2.2. Concentrations of 137Cs and 99Tc in the Danish Straits as a function of salinity.

3.3 Seminar on detector and measurement techniques
A Nordic seminar on detectors and radionuclide measurement techniques was
held in Lund, Sweden, May 3-4, 2001. The objective was to highlight recent
progress and problems for techniques to study environmental radioactivity. It
covered the aspect of detector-sample geometry and methods for evaluation of
gamma-pulse-height distributions. Alpha-spectrometric techniques, gridded
ionisation chambers, semiconductor detectors and a general description for
analysis of alpha-particle-spectra were presented. Recent development in mass
spectrometric techniques, AMS (Accelerator Mass Spectrometry) and ICPMS
(Inductively Coupled Plasma Mass Spectrometry) for long-lived radionuclides
were described. Principles for analysis of beta particle emitters, especially by
liquid scintillation were presented. The seminar also covered radiochemistry
such as advantages and disadvantages between ion exchange, solvent extraction
and extraction chromatography. The use of controlled laboratory conditions for
discerning the dynamics of radionuclide accumulation in organisms was demonstrated. Other techniques such as neutron activation were also shown to be
useful analytical tools for certain long-lived radionuclides. The results of the
intercalibration exercises within the Nordic countries showed the importance of
analytical quality control.

3.4 Iodine-129 and caesium-137 in Chernobyl contaminated soil and their chemical fractionation
Several investigations show a strong dependence of childhood thyroid cancer
incidence on thyroid exposure from short-lived radioiodine isotopes, such as 131I
and 133I released from the Chernobyl accident. Many children’s thyroids were
measured for 131I by local authorities in some of the contaminated areas, and
these data have been used to calculate thyroid doses. Chernobyl 137Cs has been
used as a surrogate to infer to the thyroid dose from 131I in areas where 131I ac-
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tivity in the thyroid was not measured at that time. It was based on an assumption that the 131I/137Cs-deposition ratio was constant and known. Long-lived 129I
(1.57×107 years) was also released from the Chernobyl accident. Due to identical chemical properties, the ratio of 129I/131I from the Chernobyl accident is constant and has been measured to be in the range 12-19. The 129I concentration can
be used to accurately reconstruct the 131I dose to thyroids. In addition, determination of 129I and 137Cs in different locations contaminated by Chernobyl deposition can also be used to check the assumption of constant 137Cs/131I ratio from
Chernobyl. Soil samples from areas in Belarus, Russia and Sweden contaminated by the Chernobyl accident were collected and analysed for 129I and 137Cs.
The atomic ratio of 129I/137Cs in the upper layer of the examined soil cores
ranges from 0.10 to 0.30, with an average of 0.18 (Fig. 3.4.1), and no correlation between the 129I/137Cs ratio and the distance from Chernobyl reactor to
sampling location was observed. It seems feasible to use the 129I/137Cs ratio to
reconstruct the deposition pattern of 131I in these areas. The Chernobyl release is
one of the main anthropogenic sources of 129I in the environment, especially in
the areas that were most affected by the Chernobyl accident. Due to the long
half-life and continuous production and release of 129I from nuclear fuel reprocessing plants, the environmental fate and geochemical cycle of 129I are becoming of increasing concern. In this context, the chemical speciation of 129I in environmental samples is a key factor. A strongly Chernobyl-contaminated soil was
sampled, and the association of 129I and 137Cs with different soil components
was investigated by sequential extraction combined with neutron activation
analysis and gamma spectrometry. About 70% of 129I is bound to oxides and
organic matter, and 10-20% is in the readily available phase, while most of the
137
Cs (73%) in Chernobyl soil remains in the extraction residue (Fig. 3.4.2).
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4 Dosimetry
Risø High Dose Reference Laboratory
Risø High Dose Reference Laboratory (HDRL) is accredited by DANAK and
the accreditation was renewed for a 5-year period in 2001. The new approval
was given in accordance with the new standard ISO/EN 17025, and the laboratory’s quality manual was thoroughly revised in order to meet the requirements
of this new standard.
The activity of HDRL was – when measured as number of issued reports (total 75) and certificates (total 75) - reduced relative to last year, but its financial
turnover increased.
Two courses on “Validation and Process Control for Electron Beam Sterilization” were arranged with 18 participants from 9 countries, and one course was
arranged “Introduction to Radiation Sterilization” (in Danish).
The laboratory moved to new localities in building 201. Normal operation was
maintained during this period. The new offices and laboratories meant significantly improved working conditions. The cobalt-60 gamma cells were also
moved to building 201 from building 313. The dose rates of these irradiation
facilities were recalibrated after the move, and showed no difference compared
to the calibrations prior to the move.
RisoeScan
RisoeScan is a software that uses an image of an irradiated dosimeter film obtained at an ordinary PC scanner to measure dose and dose distribution. The
software is written in LabView, and can run at a standard PC.
RisoeScan is developed by Risø HDRL, and it is based on a previous collaboration with Institute of Isotopes, Hungary, and on a collaboration with AECL,
Canada. The dosimeter system based on RisoeScan and a PC scanner is designed to work with Risø B3 Dosimeter films.
An example of a measurement is shown in Figs 4.1 and 4.2
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Low energy project
There is a growing interest in the industrial use of electron irradiation in the energy range of 50 – 200 keV. When this process is used for sterilization of surfaces, it is required to be able to demonstrate traceability to national standards.
Presently such standards only exist at higher electron energy (MeV-range) or
for gamma radiation (Cobalt-60).
The response of several dosimeters is known to change as the radiation energy
is approaching values below approximately 200 keV, due to changes in stopping power and to changes in the yield of the radiation-induced species being
measured. It is therefore needed to establish a standard for low energy electron
irradiation that can be used for calibration of dosimeters in that range.
We have started a project in collaboration with National Physical Laboratory,
UK, and two firms to develop such a standard based on calorimetry.
Standards
The international standards for radiation sterilization (EN 552 and ISO 11137)
are currently being revised, and we participate in European and international
working groups that are preparing the drafts to be considered by the international community.
The International Committee for Radiation Units and Measurements (ICRU)
has appointed a report committee to write on “Dosimetry systems for Radiation
Processing”. Risø HDRL is a member of this committee.
Personnel Dosimetry
Risø Personnel Dosimetry Laboratory measures doses for personnel within the
Risø grounds. The laboratory was recently approved by the State Institute of
Radiation Hygiene in accordance with the Danish rules for Personnel Dose
Monitoring.
Gamma calibration facility
A new gamma calibration facility was installed in building 201 and commissioned in November 2001. A movable table allows irradiations to be carried out
at distances from the source ranging from 0.6 to 4 m. The facility is equipped
with three Cs-137 sources and one Co-60 source which combined with the
movable irradiation table allows for dose rates from 20 µGy/h to more than 0.6
Gy/h.
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Figure 4.1 RisoeScan measurement of the beam spot at the Risø 10-MeV electron accelerator made with Risø B3 dosimeter film and recorded at a PCscanner. The dose distribution in the X (horizontal) and Y (vertical) directions
are shown.

Figure 4.2 RisoeScan measurement of the beam spot at the Risø 10-MeV electron accelerator made with Risø B3 dosimeter film and recorded at a PCscanner. The dose distribution is shown as a 3-D plot with dose at the Z-axis.
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5 Isotope and irradiation services
The Isotope Laboratory has continued its operations to supply radioactive material but at a reduced scale as a consequence of the permanent closure of the DR3
reactor in September 2000. Instead irradiation services at Swedish and Norwegian research reactors have been used to provide radioisotopes to customers and
to maintain a production of 203Hg, 75Se and 110mAg.
A total of 284 irradiations of 82Br were supplied to 16 Danish leak detection
companies and 23 for production of radiochemicals for use at Risø. Altogether
64 shipments of other radioactive products were sent to domestic and foreign
institutes, industry and hospitals. For educational purposes 473 solid radioactive
sources were supplied to the Nordic countries. For research applications at Risø
47 deliveries of specially prepared radioisotopes were made.
In collaboration with the J. F. Kennedy Institute and the University Hospital
in Copenhagen investigations were carried out in order to develop a method to
produce 64Cu radiochemicals based on irradiation of 64Ni at the hospital cyclotron. The isotope is used for medical diagnostic purposes.

6 Education
The department is involved in educational activities at Risø as well as at the
universities.
In 2001 four Ph.D. students have carried out projects at Risø in co-operation
with the University of Copenhagen, the Technical University of Denmark, and
Lund University in Sweden.
Staff from the department contributes to a course in isotope techniques at the
University of Copenhagen, a course in nuclear instrumentation and health physics at the Technical University of Denmark, and a course in health physics at
Risø conducted by the Applied Health Physics section of Risø Decommissioning.
In 2001 two international courses on “Validation and Process Control for
Electron Beam Sterilization” were arranged in the department, and one national
course was arranged on “Introduction to Radiation Sterilization”.
Staff from the department has been external examiners in physics at the University of Copenhagen and at the University of Odense, and in isotope techniques at the Technical University of Denmark.

7 Committee memberships
7.1 National
The advisory committee on protection measures in the case of accidents in nuclear facilities (§ 9 stk 2)
B. Majborn and E. Nonbøl
The coordination committee of the Emergency Management Agency and Risø
National Laboratory
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B. Majborn and A. Damkjær
The coordination committee for nuclear safety in Central and Eastern Europe
(Ministry of Foreign Affairs)
B. Majborn
The advisory coordination committee for research in environmental medicine
(Ministry of Health)
B. Majborn
The Board of the Danish Nuclear Society
B. Majborn (chairman)
Danish National Council for Oceanology
H. Dahlgaard

7.2 International
European Union
Consultative Committee Euratom - Fission
B. Majborn
External Advisory Group Euratom – Fission
S.P. Nielsen
Articles 35 and 36 of the European Treaty (Environmental Monitoring)
S.P. Nielsen
Article 37 Group of Experts
S.P. Nielsen
National Correspondents on Assistance and Emergency Planning in the Event
of a Nuclear Accident or Radiological Emergency
F. Nielsen
Group for Nuclear Safety Research Index, NSRI
E. Nonbøl
OECD/NEA
CSNI (NEA) Committee on the Safety of Nuclear Installations
P.B. Fynbo
Editorial Advisory Boards
Radiation Measurements
L. Bøtter-Jensen
Radiation Physics and Chemistry
A. Miller (Editor-in-Chief)
Radiation Protection Dosimetry
L. Bøtter-Jensen
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Analytical Letters
B. Rietz
Other Committees
The Board of the Nordic Nuclear Safety Research Programme, NKS
B. Majborn
Baltic Marine Environment Protection Commission Helsinki Commission
(HELCOM), Group of Experts on Monitoring of Radioactive Substances in the
Baltic Sea (MORS)
S. P. Nielsen
International Solid State Dosimetry Organization
L. Bøtter-Jensen
Standing Committee for the International Solid Sate Dosimetry Conferences
L. Bøtter-Jensen
European Atomic Energy Society (EAES) Working Group
B. Majborn
Evaluation panel concerning SSI’s future needs for laboratory resources regarding radiation and radioactivity
A. Damkjær
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