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Introduction

This document submitted by the Danish Government has been produced to sa-
tisfy the requirements of Article 37 of the Euratom Treaty as recommended by the
Commission of the European Communities (Annex 2 of Commission Recom-
mendation 1999/829/Euratom of 6 December 1999).

The above Recommendations include the dismantling of nuclear reactors and
reprocessing plants in the list of operations to which Article 37 applies. Under
paragraph 5.1 of the Recommendation, a submission of General Data in respect
of such dismantling operations is only necessary when the proposed authorised
limits and other requirements are less restrictive than those in force when the
plant was operational. However, in the case of Ris0 National Laboratory, no pre-
vious submission of general data has been made under Article 37 and no Opin-
ion given by the Commission on a plan for the disposal of radioactive waste. For
this reason, general data are submitted in respect of the proposed dismantling
operations, even though no change to a less restrictive authorisation is envis-
aged at this time.

This submission is for the decommissioning of the nuclear facilities at Ris0 Na-
tional Laboratory, which are owned by the Danish Government and managed by
a Board of Governors for the Ministry of Science, Technology and Innovation.

Ris0 National Laboratory is situated in the middle of the island of Zealand, about
30 km west of Copenhagen at the coast of the long and narrow Roskilde Fjord. It
carries out research in science and technology, providing Danish society new
opportunities for technological development. The nuclear facilities at Riso were
built in the late 50'ies and early 60'ies for use in studies covering fundamental
physics, development of materials and processes used in production of nuclear
energy, isotope production and activation analysis. In 1985 the Danish Parlia-
ment made the decision that Denmark would not use nuclear energy, and this
eventually led to changes in the research carried out by the laboratory. However
the existing nuclear facilities, especially DR 3, continued to be used as high qual-
ity research tools.

The nuclear facilities at Ris0 comprise three research reactors:

DR 1, a small homogeneous 2 kW reactor mainly used for educational pur-
poses
DR 2, a 5 MW reactor of the swimming pool type (taken out of use in 1975)
DR 3, a 10 MW heavy water reactor of the DIDO type (taken out of use in
2000)

and some supporting facilities:

Ris0 Hot Cells used for post irradiation investigations (taken out of use 1990)
Fuel fabrication facilities for DR 2 and DR 3 (taken out of use early 2002)
Pilot plant extraction of uranium from ore from Greenland (1975 -1982)
Waste Management Plant and storage facilities (still operating)
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The DR 3 reactor was the central facility piece in this system. It was used for fun-
damental physics and material studies together with a considerable commercial
production of high-quality doped silicon.

Following detection of a leak of heavy water a technical report by external experts
in September 2000 revealed incipient corrosion in the reactor tank of the DR 3
reactor. Because of this, Ris0 expected that continued operation would involve
rising costs of operation and maintenance. The conclusion was that the benefits
of the continued operation of the reactor could not justify the necessary costs of a
continued maintenance at a high technical level. Seen in the light of the fact that
under all circumstances the reactor's lifetime and international competitiveness
would be limited in the long term, Riso's Board of Governors decided on 28 Sep-
tember 2000 to shut down the reactor permanently.

In June 2000, i.e. prior to the decision to close DR 3, Riso National Laboratory
had been requested by the Government to produce a plan and a cost assess-
ment for decommissioning of the nuclear facilities at Riso. The report [1] describ-
ing the intended decommissioning project was finalised in February 2001 and
delivered to the Ministry of Research and Information Technology (the present
Ministry of Science, Technology and Innovation).

In November 2000 it was decided to establish a separate state-owned organisa-
tion, Danish Decommissioning (DD), with responsibility for planning of the de-
commissioning and which is expected later to take over the responsibility for the
nuclear facilities, the coming practical decommissioning and the waste manage-
ment.

Ris0 National Laboratory continues as a non-nuclear research centre contributing
to the development of environmentally acceptable methods for generation of the
energy necessary for modern society as well for agricultural and industrial pro-
duction, but at the same time maintaining research within the field of radiation
physics and radioecology.

Some of the nuclear facilities at Ris0 mentioned above were taken out of opera-
tion 13 and 28 years ago. DR 2 has recently been used in a study aiming at es-
tablishing the distribution of remaining activity. After closure, the Ris0 Hot Cells
were also emptied and partially decontaminated.

Three different scenarios for decommissioning of the Ris0 facilities are described
in the report from February 2000 [1]. They are mainly differentiated by the length
of time envisaged for cooling of the DR 3 and extend over 20 (10 years cooling),
35 or 50 years. However, it was demonstrated that even for the 50 years scenario
the use of remote handling equipment was required for the reactor internals. In
general it was therefore recommended to go for a short-term scenario utilising the
availability of staff familiar with the reactor. So far the fuel and the heavy water
have been removed. This has been done within the existing operational permits
for the reactor.

For DR 3, as well as for the other systems mentioned in the list above, the final
goal proposed by Riso and DD is 'green field' defined as complete removal or
unrestricted use of the buildings presently housing the various facilities.

It is envisaged that the Waste Management Plant will continue operation during
decommissioning of the other facilities. The various waste storage facilities will
remain in use until a disposal facility is available. It is considered necessary to
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construct a new hall for temporary storage of containers with decommissioning
waste.

The Danish Parliament has in March 2003 agreed to the costs and the general
decommissioning approach for all the nuclear facilities at Ris0 with the objective
to decommissioning all nuclear facilities at Riso as soon as possible within a
timeframe of 20 years. At the same time the Parliament agreed to start the work
to establish a basis for decisions on a Danish disposal facility for low and medium
level waste. Besides this political acceptance, the Danish Nuclear Regulatory
Authorities have to license the procedures in general and specific technical pro-
jects at a more detailed level. The regulatory authorities are The National Institute
of Radiation Hygiene under the National Board of Health and the Nuclear Office
under the Danish Emergency Management Agency. The authorities have issued
the existing 'Operational Limits and Conditions' (BfD, Betingelser for Drift) for the
nuclear facilities and have the responsibility for licensing revised rules and per-
mits as required by the new status of the facilities and the proposed decommis-
sioning work.

In addition, the decommissioning project at Riso is subject to an Environmental
Impact Assessment according to the Council Directive 85/337/EEC and
97/11/EC.

The existing safety documentation for Riso National Laboratory regarded as a
nuclear facility [2] and the corresponding documentation in preparation for the
new DD organization [3] has be used as background for the following descrip-
tions.
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1 Site and surroundings

1.1 Geographical, topographical and geological features of
the site

Location, surroundings, co-ordinates, maps and distances to other Member
States
The Riso site covers an area of about 240 ha and consists of the Riso peninsula
with adjacent land on the eastside of Roskilde Fjord. Gently undulating landscape
with agricultural fields, a few relatively small forests, widely distributed farm build-
ings, roads, villages and towns constitutes the surroundings.

Figure 1.1. shows the position of the Riso site in the middle of Zealand about 6
km north of Roskilde and 30 km west of Copenhagen. The site coordinates are
55°42'N, 12°06'E.

Figure 1.1 a) Map of Denmark including directions from Ris0 site to nearest point of other
Member States and some large cities, b) Map of the narrow Roskilde fjord with the Ris0
peninsula about 6 km north of Roskilde

The distances to other Member States (and Norway) are given in table 1.1. The
nearest city aggregation outside Denmark is the Malmo area in southern Sweden
opposite Copenhagen across the 0resund. There are presently about 260,000
inhabitants in Malmo, and in total 1,120,000 in the surrounding county Skane.
The distance from Ris0 to Malmo is 63 km.

The Danish municipalities nearest Riso are Roskilde and Gundso with 52,200
and 14,300 inhabitants, respectively. In 1999 there were 2,339,000 inhabitants in
total Zealand including Copenhagen.
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Table 1.1 Distances (km) from the Rise site to the nearest point on the boarder or coast
of surrounding Member States (and Norway). Distances to some major cities are also
given.

Country

Sweden

Germany

Norway

Netherlands

Belgium

UK

France

Border/Coast/Major city

Malmo and other parts of the 0resund coast

Rugen
Hamburg

Berlin

Kristiansand

Groningen

Border

Coast

Border

Distance
(km)

63

137
290
365

335

425

650

755

840

Topography and installations at the Rise site
The nuclear facilities are situated at the western part of the Riso peninsula, ex-
cept DR 1 situated on the south side of the central road, see figure 1.2. The tip of
the peninsula with DR 2 and DR 3 is a moraine hillock about 11 m high with a
vertical clayey moraine cliff facing the fjord. The height is less where the Hot
Cells and the Fuel Fabrication are situated. East of the road to the Waste Man-
agement Plant (built on an artificial pentagon of material pumped in from the
fjord) the ground turns into a swamp. Further east the ground level increases to
10-20 m showing remains of old coastal slopes indicating erosion from higher
sea levels about 5,000 years ago. Groups of ordinary laboratories etc. and the
DR 1 (on the south side of the central road) are situated here. Riso is also the
site of DMU (National Environmental Research Institute) and east of the public
major road A6 also laboratories belonging to CAT (Centre of Advanced Technol-
ogy). Some of these laboratories are using radioisotopes for experimental stud-
ies, but the amounts are slight and any waste produced is collected and trans-
ferred to the Waste Management Plant.

Geology
Roskilde fjord follows a fault representing a discontinuity in the underground lay-
ers, which are displaced in downward direction west of the fault. The fault is run-
ning somewhat east of the Riso peninsula. Like most of the Danish landscape the
surroundings are formed by glaciations during the last ice-age [4].

Knowledge about the underground at the Rise site is obtained from 8 boreholes
to 60-80 m depth. The thickness of the quaternary glacial layers (10,000 years
old) varies at the Riso site between 10 and 45 m. They consist of melt water de-
posits in form of layers of sand, silt or clay alternating with - and covered by -
unsorted clayey moraine with stones and boulders. In some parts organic rich
marine sediments may be found on top of the moraine. The sand layers functions
as secondary groundwater reservoirs but are generally of quite limited capacity.

The glacial formations are at Riso underlain by some few meters pre-quaternary
(Palaeocene) green-grey clay or chalk layers resting on grey chalk formations
from the Danien (60 millions years old). Northeast and north of Riso the quater-
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nary layers rest directly on the old erosion surface of the Danien formations.
South-east and some distance from Riso the top of the pre-quaternary layers is
about 18 m above sea level and the thickness is here more than 40 m.

The major groundwater reservoir in the area is the white to grey Danien chalk
with flint layers. The chalk is very broken with high hydraulic permeability in the
upper part. The surface is at Riso about 35 to 45 m below sea level [2, 3, 4].

Seismic the area is quiet with only few and small events. Recently (2-11-2001) a
small earthquake in the Roskilde area was measured to 3 at the open Richter
scale.

N Waste managemen t p lant
Drum store

Storage hall

DR3

Central
vejs-
lager

Figure 1.2 Map of Ris0, including the positions of the three reactors, various waste facili-
ties, etc. The public A6 main road is to the right, just outside the map.

1.2 Hydrology

Surrounding fjord system, connection to sea, currents, tides, direction and size of
flow
Roskilde fjord is about 36 km long, covers an area of 120 km2 and contains about
400 millions m3 water. Most of the fjord is narrow but with some wider areas e.g.
in the southern part. The largest depth is 25 m and the mean depth about 3.8 m.
The northern about 1 km wide entrance is connected to Isefjord close to where
this larger and wider fjord is connected to Kattegat.

In the original safety assessments for the Riso site it was estimated that about
500 millions m3 seawater is introduced annually into Roskilde fjord from Kattegat.
In addition about 140 millions m3 fresh water enters by streams and groundwater
outflow. As a consequence only about 17 % of the water is retained in the fjord
over a one-year period. Later data indicate a somewhat slower exchange rate.
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Influx variations in the northern part can be large and rapid but with relatively li-
mited influence on water exchange in the southern part [5]. See also appendix B.

The currents in the southern closed part of the fjord are weak and the surface
movements normally determined by wind directions. Usually there is complete
mixing from bottom to surface, and the mixing occurs rapidly. In quiet periods
some temperature related layering could be found. The currents vary with depth,
often with different direction at top and bottom.

The salinity is decreasing considerably towards the southern part of the fjord. The
highest salinity occurs normally in the summer period and the lowest in the win-
ter. The mean salinity somewhat north of Ris0 is 1.5 %. The lowest monthly
mean water temperature is 0,5 °C (February) and the highest 18.3 °C (July). Re-
cent detailed measurements are available in [6].

In the southern deeper part of the fjord the bottom consists of mud except where
up-welling of groundwater takes place. In more shallow areas the bottom is
mainly sand mixed with mud in protected places [2].

The coast is mostly low, often with grass vegetation down to the water. Stretches
with rushes or with sand and washed up mussel shells occur. In exposed places
(e.g. at Ris0) there are up to 10m high moraine cliffs where some sea erosion is
continuing. Stones washed out from the moraine dominate the strand in such
areas. Artificial coast protection by boulders etc. may be present.

The watershed supplying fresh water to the fjord is about 1.300 km2. Some small
but no major streams are involved.

Local and regional underground water tables and flow
Figure 1.3 shows that the highest groundwater levels occur in the more elevated
landscape towards Roskilde. Increasing levels are also found north-east of Ris0.
In between these areas the groundwater levels are not following the contours of
the landscape, but run to the north and vest from the Himmelev area and to the
south-west (and north) from the St. Valby area. The area east of Ris0 is charac-
terised by a very weak groundwater gradient [2].

The above refers to the surface of groundwater connected to the aquifer in the
deeper chalk layers. Secondary quite local aquifers without such connections
occur in the relatively low-permeable moraine formations. At the Ris0 site the
primary aquifers are artesian due to the clay coverings. The pressure level is +1
to 2 m. At least one of the existing boreholes functions sometimes as a spring.
Rainwater infiltrated at considerable distance from the Ris0 site is supposed to
be flowing towards the fjord where it is discharged at the bottom [6].

The aquifers have no connection to foreign countries.

There is no risk of flooding from rainfall or snow melting. The highest flood level
measured at Roskilde Harbour is 1.65 m above normal fjord level [2]. Such in-
creased levels are mainly due to prolonged wind pressure. They will not be suffi-
cient to influence the existing nuclear facilities. No significant flooding episodes of
this type have been reported during the 40 years existence of the Ris0 National
Laboratory.
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Figure 1.3 Contours for the groundwater leves (m above sea level) in the area around the
Ris0 site. The old villages in the area are indicated. They are now surrounded by
large areas with single family houses in gardens. Himmelev has actually grown
together with the town of Roskilde further south. From [2] 1980.

1.3 Meteorology

The local meteorological conditions at Ris0 are determined by the position of the
site as a peninsula into Roskilde Fjord and in general in an area with low relief.

Some 20 to 30 m are characteristic heights towards the north and 30-50 m to-
wards the south.

The climate in Denmark is northern temperate dominated by western winds and
many passing front systems of high and low pressures. Normally the winters are
mild and the summers cool, but occasional periods with eastern wind may intro-
duce a more continental climate. In general the relevant meteorological parame-
ters (except wind speed) varies more with the season than with the geography of
the country.

The local meteorology has been followed at Riso for about 40 years. Examples of
the results are given in appendix A for wind velocity, frequency of wind direction
and stability, and for the occurrence of the various Pasquill stability classes used
for dispersion calculation by the Gaussian model described in appendix B.

Precipitation intensity and duration
Measurements of local rainfall at the site of the meteorology mast at Riso are
available as monthly values for the period 1958-1999. Monthly and annual mean
values for this and for the sub-periods 1982-1999 and 1996-2002 are given in
table A.5, appendix A. The actual monthly rainfalls vary considerably, from zero

8
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to about twice the mean values. On a daily basis the intensity varies even more.
In Denmark there are about 170 days/year with more than 0.1 mm precipitation,
while more than 10 mm/day occurring about 17 days/year [8].

1.4 Natural resources and foodstuffs

So// characteristics and ecological features at the site
The moraine fields of northern Zealand are of high quality and well suited for ag-
ricultural purposes. Most of the area is utilised for production in some manner.

The few forests are partly for recreation. Roskilde Fjord is also used in this man-
ner particularly for sailing. Bathing occurs at some places in the summer months,
although the coast is not particularly suited for the purpose. Some few and minor
islands in the fjord are uninhabited. These and other areas - e.g. in connection
with lakes and bogs - are classified as protected habitats for wild life, mainly
fowls. Roskilde Fjord and coast and some connected lakes and swamps at the
south are as a whole a site protected internationally, under the EU-habitat and
fowl protection directives.

The distribution of area use in Denmark is given in table 1.2.

Table 1.2 Area and area use in 1996 for Roskilde County where Ris0 is situated, for the
Copenhagen region i.e. the north-eastern part of Zealand [8], and the whole of Denmark
1985 [7].

Buildings, industry,
roads

Recreational areas

Agriculture and
horticulture

Forests

Natural areas, lakes,
streams

Roskilde county
890 km2 (2.1 %)

14.0%

2.8 %

70.1 %

10.6 %

2.8 %

Copenhagen region
2, 900 km2 (6. 7%)

21.3%

6.2 %

50.5 %

17.2 %

4.7 %

Total country
43,000 kn/

10%

1 %

65%

12%

12%

A considerable part of the Danish crop production is used for livestock rising. The
numbers of animals are indicated in table 1.3. It is seen, that rising of domestic
animals is not dominating at Zealand. Around the Ris0 site cattle hold and dairy
farming is rather slight. The total output and the total export (% of output) of live-
stock products can for 1998 be summarised as: dairy products 470,000 t (82 %),
eggs 84,000 t (17 %), meat 2,145,000 t (79 %) [7]. However, only a very minor
part of this originates from the countryside near Ris0.

Very little commercial fishing primarily of eel takes place in Roskilde Fjord. For
the period 1954-1977 the annual amounts caught in the southern part of the fjord
was about 40 t and for the whole fjord about 150 t [2], Fishing has been declining
in later years and most of the catch is consumed locally.
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Table 1.3 Livestock in 1998 on Zealand and associated islands, and for the total country.

Animals

Catties

Pigs

Sheeps

Poultry

Zealand + smaller islands.
924,400 ha =22% of total

(Number of animals, % of total)

149,000 8%

1,760,000 15%

40,000 25 %

1,540,000 8%

Total country
4,300,000 ha

(Number of animals)

1,977,000

12,100,000

156,000

18,700,000

Water utilisation
Groundwater extraction takes place at various places. The Copenhagen water
supply system collects annually about 90 millions m3 water [8] from a large part of
central and northern Zealand. Most of the Roskilde water supply comes from the
land west of the fjord (18 millions m3/year). Some smaller water works are pre-
sent at the eastern side e.g. at Himmelev and in smaller villages. Riso is supplied
with water from three borings placed near the A6 road. The annual extraction is
about 150,000 m3. Shallow wells supply single farms etc. Surface water is nor-
mally not used for consumption and irrigation is not used much in this part of
Denmark. Water production in Denmark is not normally exported to foreign coun-
tries except such as present in exported beverages of various types. Sewage
water is only released after biological purification. Some towns or parts of towns
have separated collection systems for sewage and rainwater.

10
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2 Nuclear facilities on the site of Riso
National Laboratory

The Riso site with the nuclear facilities is shown in figure 1.2. The various techni-
cal installations are described briefly in the following, indicating their present
state, the expected decommissioning procedure, and the estimated releases of
radioactivity and amounts of waste expected from the decommissioning work.
Additional details are available in [1], The nuclear facilities were erected early in
the history of Ris0 National Laboratory (then the Research Establishment of the
Danish Atomic Energy Commission). Technical descriptions and figures are given
in the 10-year anniversary publications [9] and [10],

2.1 Description and history of installations to be dismant-
led

2.1.1 DR1
DR 1 was a small 2 kW thermal homogeneous, solution-type research reactor
using 5 kg 20 % enriched uranium as fuel and light water as moderator. The
American Company Atomic International delivered the components in 1956. The
first criticality was obtained in August 1957. In the first 10 years the reactor was
used for neutron experiments. Later it has mainly been used for educational pur-
poses. The DR 1 reactor is placed in a separate building, on the land side of the
Riso site, see figure 1.2. The DR 1 was taken out of operation in 2001.

Experimental channels

Stainless steel tank (32 cm)_
with core solution

Control rod drive

Graphite reflector?

Recombiner

Magnetite
concrete

Figure 2 1 Cut-away drawing of the DR 1 reactor, from [10]

The reactor core consists of a spherical stainless steel vessel (with outer diame-
ter 32 cm) containing 15.8 litres of a solution of uranyl sulphate in light water. The
amount of 235U is 984 g. The core is positioned at the center of a cylindrical

11
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reflector consisting of graphite bars stacked in a steel tank, which is placed inside
a shield of dense magnetite concrete, see figure 2.1. When operating at 2 kW,
the neutron flux in the center of the core was about 6-1010 n/cm2s.

A stainless steel tube welded into the bottom of the core tank permits draining of
the core solution. When the reactor was operating hydrogen and oxygen pro-
duced by radiolysis was recombined catalytically and the condensed water was
returned to the core. A stainless steel cooling coil placed inside the core removes
the reaction heat. The reactor was controlled by two safety rods and two regulat-
ing rods, all containing boron carbide and all placed horizontally.

The core solution was removed from the reactor for local storage in 2002. In total
over the 40 years of intermittent operation, the reactor has generated about 1
MWt-d thermal energy corresponding to fission of about 1 g 235U. The solution
contains about 130 GBq fission products and 3 GBq actinides.

After removal of the core solution the inner stainless steel surfaces of the core
tank, fuel draining system and recombiner will still be contaminated with fission
products and actinides while the core tank, the control rods, graphite reflector and
outer steel tank will be somewhat activated, see section 5.2.

2.1.2 DR2
DR 2 was a tank-type, light water moderated and cooled research reactor oper-
ated at 5 MWt. The reactor, supplied by the Forster Wheeler Corporation, New
York, is placed at the southwestern part of the Ris0 peninsula see the map figure
1.2. Extensive piling of the site took place before construction. The reactor went
critical in December 1958 and full power was achieved first time in August 1959.
It was finally closed down in October 1975. During the operational period the in-
tegrated power was 6,830 MWt-d or 20 MW years. DR 2 was fuelled with MTR-
type fuel elements containing 90 % enriched uranium with aluminium cladding.
The fuel has been in good condition with no significant leakage of fission prod-
ucts. The elements were placed in a thick aluminium grid plate with 48 element
positions. Usually 6 element positions in each end of the 6x8 matrix were used
for reflector elements, initially aluminium clad graphite, later replaced by beryllium
elements. At full power the average thermal flux in the beryllium elements was
about 4-1013n/cm2s.

The reactor was controlled by use of one stainless steel regulating rod and five
boron carbide shim-safety rods moving inside stainless steel guide tubes.

The reactor tank is made of aluminium (wall thickness 9.5 mm, diameter 2 m, and
height 8 m corresponding to about 1.3 t aluminium). The tank is provided with a
number of penetrating beam and irradiation tubes and a rectangular thermal col-
umn filled with up to about 2 m3 graphite. A number of channels below the core
were used for nuclear control instrumentation.

A cut-away three-dimensional drawing of the DR 2 reactor is shown in figure 2.2.
The inserted photos give an impression of the plant in operation. The water in the
upper part of the tank served as radiation shield during manipulation of fuel ele-
ments, etc.

Besides the water layer around the core the radial radiation shielding consisted of
a 6.4 cm thick and 1.8 m high lead layer in an aluminium jacket, and about 2 m

12
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Barytes
concrete

Experimental tubes

Control rod drive

The core in funct ion
seen through the water pool

DR2 in operat ion 1968

Ordinary concrete

Graphite

Figure 2.2 Cut-away drawing of the DR 2 reactor, from [10].
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of barytes concrete with a density of 3.4 g/cm3. It reaches from the hall floor and
4.1 m upward. The remaining 3.6 m of concrete shielding is of less thickness and
is made from ordinary concrete. The lower part of the outer surface is lined with
19 mm steel plates.

During operation the cooling water flowed down through the fuel elements,
passed through a hold-up tank in the basement under the reactor, and was then
returned through two parallel primary pumps and two tube and shell heat-
exchangers. The circulation system (except pumps and valves) is made from
aluminium. The equipment still remains in the basement.

When the reactor was taken out of operation in 1975 the fuel elements were re-
moved and like the previous spent fuel sent to USA from where the enriched ura-
nium originated. The reactor and the cooling circuit were emptied for water. Addi-
tional shielding was placed on the top and all openings in the outer reactor sur-
faces closed by welding. In 1980 the Nuclear Regulatory Authorities issued a new
set of Operation Limits and Conditions for DR 2 in the following passive waiting
period. The use of the reactor hall for other purposes including pilot plants for
uranium extraction from ore from Greenland were granted. Such equipment has
now been removed, and at present only the reactor block and part of the coolant
circuit remain inside the original modified reactor hall.

In 1997 it was decided to start a decommissioning study, while some of the peo-
ple experienced with the DR 2 reactor were still employed at Ris0. The safety
assessment for the reactor was reviewed and updated, and the Nuclear Regula-
tory Authorities issued a revised set of Operation Limits and Conditions in 1999.
Access to the reactor top was re-established and the top shielding removed.
Various items stored e.g. in the rack along the inner periphery of the aluminium
tank were removed aiming at reducing the internal radiation level, which after 25
years cooling time was about 400 (iSv/h at the top of the reactor.

The removed items were measured in a y-scanning device and the active parts
were cut and collected as waste. Only a few drums with activated aluminium and
stainless steel have been produced. The 12 beryllium reflector elements have
also been removed and are now stored as waste. Smear tests from the tank wall
and elsewhere were at background activity level and 'no action required' beryl-
lium level.

The remaining y-activity in the construction parts before removal of the above
mentioned items were about 60 GBq, mainly 60Co and 152Eu. Now the activity is
considerably less.

2.1.3 DR3
DR 3 was a heavy water moderated and cooled 10 MW( research reactor built for
testing of materials and components for power reactors. It has been used e.g. for
fuel development studies, neutron physics, solid-state materials characterisation,
isotope production, activation analysis, and commercial silicon doping.

The reactor was acquired in 1958 from the English company Head Wrightson
Processes. The Danish engineering consultants Steensen and Warming working
with professor Preben Hansen and Mogens Balslev designed the buildings and
technical installations as architects. The reactor is placed at the northwestern tip
of the Riso peninsula, see figure 1.2. The reactor containment is housed in a 10
sided building and is surrounded by various auxiliary buildings notably the AH
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(Active Handling) hall, building 214 in figure 2.3. with facilities for handling fuel
and other active materials.

The DR 3 went critical in January 1960 and was operated at full power in October
1960. The reactor has thereafter been used continuously round the clock - ex-
cept for routine shut down periods - until 1999 where repairs of a leaking tube
connected to the reactor tank had to be carried out. Prolonged investigations and
continuing uncertainties about the state of corrosion of the reactor tank led in
September 2000 to decision about permanent closure. Over the -39 years of
operation the reactor has generated about 296 MWt years corresponding to an
availability of 296/(10 39.3) = 75 %.

Builj'ny 213 - Reacloi ha
AH hall

4a - Offices, workshops
5 Auxil-sry Duilcing
7 Pump house
8 Emergency control 'DOT

26 Stcre room
NejUon house

Figure 23 The DR 3 building complex. The moraine cliff with a 10 m drop towards
Roskilde fjord is right behind the road running west of building 217.

After closure the fuel elements were taken out and placed in temporary storage
awaiting transfer to the USA according to agreement with the US-DoE. The final
transfer took place in June 2002.

The DR 3 originally used 90 % enriched U-AI alloy as fuel but this was by 1990
changed to 19.75 % enriched uranium silicide in aluminium cladding. The ele-
ments were fabricated at Riso, see section 2.1.5. The reactor core consisted of
26 fuel elements, together containing about 3.3 kg 235U on average during routine
operation at 10 MW. In the 2" tubes in the middle of the elements the maximum
thermal and fast flux were approximately 1.5'1014 n/cm2 s and 4.5-1013 n/cm2 s,
respectively. The experience with leak-tightness of the DR 3 fuel has been good
and significant levels of leaked fission products etc. during decommissioning are
not expected.
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The elements were arranged in a square grid at the bottom of a D2O filled alumin-
ium tank (thickness 13-16 mm, diameter 2 m, height 3 m, in total about 0.9 t alu-
minium). A graphite reflector approximately 30 cm thick (about 15 t) is placed
outside the aluminium tank, on the sides and under the bottom. All this is en-
closed in a steel tank clad with boral and lead (about 50 t) to reduce the neutron
and y-radiation. On the outside is a biological shield of barytes concrete (about
800 t), see figure 2.4.

A total of 18 experimental tubes were located around the reactor core, four hori-
zontal with 7" diameter and 12 vertical with 4" diameter. One of the horizontal
tubes contains a cold neutron source: a chamber cooled with liquid hydrogen,
which at -240° C supplied a neutron beam for use in SANS (Small Angle Neutron
Scattering) measurements in a neighbouring building. Neutron beams were taken
out on two other sides of the reactor for neutron diffraction measurements used in
solid-state physics studies. A number of vertical and horizontal tubes - including
two horizontal tubes extending from one facade to the opposite - were used for
doping of silicon crystals with small amounts of phosphorous produced by neu-
tron capture.

A multi-layered lid, about 130 cm thick and consisting of stainless steel (0.3 t)
ordinary steel and heavy concrete (20 t), closes the top of the reactor. It is pro-
vided with holes and plugs giving access to the fuel elements and vertical irradia-
tion facilities.

The reactivity was controlled by 7 CCA's (coarse control arms) of stainless steel
clad cadmium plates, a vertical cadmium rod used for fine control, and two verti-
cal cadmium safety rods.

The reactor was cooled by the heavy water circulating through primary pumps
and heat exchangers. Secondary and tertiary cooling systems eventually trans-
ferred part of the heat to a heat pump facility supplying district heating to the Ris0
buildings and the rest to heat exchangers cooled by water from the fjord.

A side stream of the heavy water was purified by ion exchange. Besides corro-
sion products, this also removed 14C-containing carbon dioxide where the 14C
was produced mainly by (n,a)-reactions with the small amount of 17O in the D2O.
The carbon dioxide was released to the atmosphere when the ion exchange resin
was conditioned by bituminisation at the Waste Management Plant.

The heavy water was contained in a closed system blanketed by helium. The
helium system was provided with recombiners for radiation produced D2 and O2.
Also the graphite reflector in the surrounding steel tank had a protective atmos-
phere, in this case CO2. The systems were vented in a controlled manner to the
general exhaust system.

The DR 3 reactor has the same construction as the PLUTO reactor and is in
many ways similar to the DIDO reactor, both at the research centre Harwell in the
UK. Activation calculations for DIDO as cited in [1] may be regarded as a first
indication of the amounts of radioisotopes likely to be present in the various struc-
tural elements of the DR 3. The power level of the DIDO was 25 MW compared
with DR 3's 10 MW. The integrated power production are more comparable, 518
and 296 MWt-years, respectively. The activity contents in DR 3 may therefore be
between a factor 0.4 lower for short-lived and 0.6 lower for long-lived radioiso-
topes than given in table 2.1. Differences in construction such as a thinner graph-
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Water basin for cutting of spent DR3 fuel
before transport to USA, about 1991.

The top of DR3 i 1968 showing the polar crane
and a lead flask used for fuel handling

Barytes concrete
Control arm-

Drain
Experimental

Secondary
cooling water-

Heat exchanger

Heavy water
pump

Al tank
Steel tank
Heavy water
Graphite
Fuel element's
Lead shield
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Figure 2.4 Cut through the DR 3 reactor and the heavy water handling system below,
from [10].
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ite reflector in the DR 3 and the general possibility of differences in composition
of the construction materials should also be taken into account.

A collection of irradiated rigs and other experimental equipment with considerable
induced activity is stored in shielded facilities in the AH hall at the DR 3 site.
Some may be contaminated with fission products on inside surfaces. Comparable
materials have during the years been transferred to the storage facilities of the
Waste Management Plant.

Table 2.1 Amounts of construction materials and calculated activities 10 years after close
down of the DIDO reactor at Harwell1'. Excerpts from table 3.3.2 in [1].

Construction
Material

Reactor tank
(0.9 t aluminium)

Graphite (26 t)

Steel tank
(63 t with 45 t Pb)

Top shield
(21 t with 2.6 tPb)

Annular shield
(23 t with 3.1 tPb)

Biological shield
(816 t barytes con-
crete)

Sum (950 t)

Activities 10 years after shut down (GBq)

3H

-

3,100

-

2,300

640

14,000

20,000

14C

-

200

-

low

low

low

200

55Fe

970

15

910

5,100

920

140

8,000

60Co

3,400

180

310

7,600

160

77

11,700

63Ni

-

100

54

6,900

32

42

7,130

65Zn

0.04

low

0.001

low

low

low

<0.1

133Ba

-

0.9

-

0.013

0.004

930

931

152Eu

-

-

-

110

30

650

790

154Eu

-

-

-

11

2.9

6.4

78

1) With reservations for differences in design and variations in composition of the con-
struction materials, the activity levels are expected to be between a factor 0.4 and 0.6
lower in the somewhat similar DR 3 reactor.

2.1.4 Hot Cells
The Riso Hot Cells were in active use during the period 1964-1989. They con-
sisted of six concrete shielded cells arranged in a row as shown in figure 2.5. The
front side was fitted with lead-glass windows and work was performed from this
side using master/slave manipulators. A frogman area on the back of the cell row
was used during maintenance. The about 60x38x16 m Hot Cells building con-
tained the concrete cells, areas with lead-shielded cells, workshops, offices etc.

The Hot Cells were used for post-irradiation examination of fuel from experimen-
tally produced fuel pins irradiated in the DR 3 reactor, the Halden reactor in Nor-
way and elsewhere. Power reactor fuel pins, including plutonium-enriched mate-
rial, from several foreign reactors have been examined as part of international
research projects. Non-destructive, as well as destructive physical and chemical
characterisations, were performed. In addition, various radiotherapy sources
have been produced, mainly from cobalt pellets irradiated in the DR 3.
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Following partial clean up - as described below - the row of the six concrete cells
remains as a closed section partitioned off from the other parts of the building,
which now is used for other purposes. Figure 2.5 shows a rough sketch of the
cells with the surrounding partitioning wall, the position of the cells inside the
building, and a general impression of the arrangement when the facility was in
use.

The section of concrete cells consists of a 160 m3 cell airlock and the 6 cells with
total internal volume about 290 m3. The interior is lined with a steel box (39x4x5
m) welded in situ from 8 mm steel plates. Between the interior and the external
facade (also steel plate) there is a steel framework supporting the facades and
the various penetrating openings for manipulators, the very heavy lead glass
windows, etc. The space between the steel box and the external facade is cast
with concrete resulting in 1.4 to 1.6 m thick shielding walls. The inner steel box is
welded tight and covered by a two-component paint (still intact). The concrete
shielding is expected to be clean except possibly in some areas with drains etc.

In 1990 a cleanup project was initiated partly as a demonstration project sup-
ported by the EU under the decommissioning research program [11]. The con-
crete cells and storage facilities were emptied of fissile material, scientific equip-
ment and general tools. The cells were cleaned remotely by wiping, hot spot re-
moval by mechanical means and by vacuum cleaning. As an experiment the in-
ternal surfaces in two of the cells were cleaned by high-pressure water jetting,
resulting in a cleanup efficiency of 30-40 %. All the master/slave manipulators,
the water drainage system and part of the ventilation system were removed, re-
sulting holes were closed and the cells were left in a non-ventilated condition with
connection to the atmosphere through an absolute filter. The cleanup work was
completed in 1994. Contaminated equipment in other parts of the building - no-
tably the lead-shielded cells - had been removed previously.

After erection of the partitioning around the row of concrete cells and surveys for
remaining activity, the Nuclear Regulatory Authorities gave the permission that
the rest of the building could be reconstructed for use in non-nuclear research.

The remaining activity in the concrete cells is about 3,000 GBq of fission products
and about 100 GBq of actinides.

2.1.5 Fuel fabriaction
Fabrication of aluminium clad fuel elements containing enriched uranium for use
in the DR 3 and earlier in the DR 2 reactor was carried out at the Riso Materials
Research Department until 2001. Up to about 1980 the Department was also
engaged in development projects for power reactor fuel. Decommissioning of the
building will consist in removal of fabrication equipment, cleaning, survey for re-
maining activity, and declassification of the areas. Equipment, wastewater drains
and ventilation ducts are expected to be somewhat contaminated by uranium.
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Figure 2.5 Ground planes of the concrete cells and their position in the converted Hot Cell
building [1J. The cut and the inserted photo show the original installation as used in 1968
[11]. The manipulators and other equipment have now been removed.
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2.1.6 Waste Management Plant
The Waste Management Plant has responsibility for the collection, conditioning
and storage of radioactive waste from the nuclear facilities and laboratories at
Riso and, on a commercial basis, also from all other users of radioisotopes in
Denmark.

The Waste Management Plant is placed on an artificially created pentagon at the
northern shore of the Riso peninsula, approximately midway between the 'island'
with most of the nuclear facilities and the land part' with the low-level and inac-
tive laboratories etc., see figure 1.2. The position was selected to facilitate treat-
ment of ordinary sewage from all over the site. The facilities will continue to be
used during decommissioning of the other nuclear facilities.

The building complex on the pentagon contains: 1) the treatment plant for radio-
active wastewater consisting of a wastewater evaporator and a bituminisation
plant with associated tanks and control systems, 2) a sorting box with a low pres-
sure balling press used for low-level solid waste, 3) facilities for decontamination
of protective clothing and small equipment, 4) an inactive laundry, 5) a shielded
area used as decay store for drums, 6) the Storage Hall (see figure 5.2) for
drums with low-level waste, 7) an inactive sewage purification plant, and 8) labo-
ratories, etc. used for control analyses and waste related research.

2.2 Ventilation systems and treatment of airborne wastes

The DR 1 reactor is housed in a building supplied with an ordinary ventilation
system, which also - after filtering - dispatch the small amounts of air drawn from
the reactor block.

The DR 2 reactor containment was originally kept under a slight under-pressure
by ventilators exhausting through a filter system on the top of the building. This
requirement has not been retained, but ordinary building ventilation is continuing
using the same system without filters. The reactor hall does not any longer pro-
vide containment, but as any ordinary building it provides some protection against
dust releases. The ventilators will be manually stopped should there be an inci-
dent with release of significant activity.

About 70 mm water under-pressure is maintained in the DR 3 containment by a
ventilation system, which exhausts the air through HEPA-filters through a 23 m
high ventilation chimney. Measurements to record releases of particulates and
tritium through the chimney are performed after the HEPA-filters. The ventilation
system is still operating and will be maintained during most of the decommission-
ing.

While the Hot Cells were operating and during the partial clean-up the row of
cells was ventilated through a system of HEPA- and carbon-filters exhausting into
a stack fitted with activity detectors and alarms. The system ensured 30-50 mm
water under-pressure inside the cells. Used filters were placed in concrete boxes
and transferred to waste storage. When the cells had been partially cleaned the
ventilation system was disconnected and dismantled. When complete decommis-
sioning is initiated, an ad hoc ventilation system will be established and used dur-
ing decontamination of the inner surfaces of the cells.
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At the Waste Management Plant off gas from the wastewater evaporator and the
bituminisation plant is released together with ventilation air from the cells contain-
ing the equipment. The air is not filtered, but a side stream of the air is measured
continuously for particulate activity.

The low-level solid waste compaction box is vented through a HEPA-filter. The
waste storage facilities are equipped with ventilation systems used mainly for
humidity control. The air is not filtered.

2.3 Liquid waste treatment

At DR 1 there has been no need for a special system for collection of liquid
waste.

The original wastewater collection system at DR 2 was obsolete and has been
replaced to accommodate the decommissioning study mentioned in section 2.1.2.
As previous, the wastewater is fetched by a tank car for treatment at the Waste
Management Plant. A similar system will be employed during actual decommis-
sioning.

Low-level liquid waste generated in the DR 3 reactor hall as well as the AH hall is
collected in underground tanks and transferred by a tank car for treatment at the
Waste Management Plant. This practice will be continued during the decommis-
sioning operations.

During operation of the Hot Cells the low-level liquid waste was collected in an
underground tank, and from this, transferred to the Waste Management Plant. A
collection system for liquid waste will be needed during the initial phases of the
decommissioning. It may utilise the still existing collecting tanks but a new piping
system will be needed.

At the Waste Management Plant the low-level wastewater is purified by evapora-
tion using a steam recompression plant with forced circulation, see figure 2.6 and
section 5.2. The decontamination factor is about 104 (for isotopes with low vapour
pressure and given as the ratio between concentration in incoming water and
purified water). Tritiated water is not retained. The evaporator concentrate is
bituminised resulting in a waste product of LLW SL type, according to the rec-
ommended ED classification [12], which will be used in the following.

2.4 Solid waste treatment

Low level solid waste received in bulk at the Waste Management Plant from the
other nuclear facilities at Ris0 or from other Danish users of radioactive isotopes
was and is collected and compacted into standard waste containers. The equip-
ment is a simple low-pressure balling press mounted in a glove box, see also
section 5.2. The waste is primarily LLW SL. Some drums contain 241Am from
smoke detectors.

Radioactive waste requiring special shielding was packed in containers at DR 3
and transferred directly to the Waste Management Plants storage facility 'Cen-
tralvejslageret', see section 5.3. However, considerable amounts of such materi-
als are still stored at DR 3. Small amounts of waste produced in connection with
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tidying of the DR 2 plant during the decommissioning study has also been trans-
ferred to the waste storage facilities. The radiation is mainly due to 60Co and the
waste is of the LILW SL type.

During operation of the Hot Cells solid waste was packed in drums or in special
so-called stainless steel A-containers, which could be handled by a lead-shielded
flask and transferred to the above mentioned storage facility for waste requiring
special shielding. Solid wastes from demolition of lead-shielded glove boxes and
from emptying of the concrete cells were packed in large size steel boxes and
also transferred to this waste storage facility. The waste in the A-containers and
part of the other Hot Cells waste is of the LILW LL type.

The existing systems for collection and treatment of low-level solid waste at the
Waste Management Plant will also be maintained during the decommissioning
project.

Estimates of the expected amounts of waste from complete decommissioning the
reactors and the Hot Cells are given in table 5.1. The table also contains figures
for the amount of already existing waste in the various storage facilities.

Evaporator
Steam compression planl
wi th forced circulation
from I 959

Bituminisat ion
plant from 1970

Purified water to the f jord Bituminised product
to storage

Figure 2.6 Purification of radioactive wastewater at the Waste Management Plant

2.5 Containments

The DR 1 reactor hall is about 30x36x10 m, and is supplied with an ordinary ven-
tilation system, dispatching also the small amounts of air drawn from the reactor
block after filtering through a carbon filter.
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The DR 2 reactor hall and previous containment is cylindrical with diameter 25 m
and height 15 m with a 5 m high basement below. Previous requirement to the
containment tightness has been abolished in connection with the use of the hall
for other purposes. A row of windows was placed in the walls and the hall can
now only be regarded as an ordinary building.

The DR 3 reactor containment is a steel cylinder with diameter 21 m and height
22.4 m with access through air locks. The reactor containment fills the DR 3 reac-
tor hall building, which is 10-sided with structural elements hidden in the outside
corners, and is still intact.

The original Hot Cells containment consisting of the concrete cells with the vari-
ous ports, windows, ducts etc. is intact also after the cleanup project. Openings
after removed equipment were closed by welding. However, the elaborate
ventilation system has been dismantled and the cells are no longer ventilated but
only connected to the atmosphere through a duct with a HEPA-filter permitting
equilibration of atmospheric pressure variations. During further decommissioning,
a ventilation system will be established. The containment will be maintained as
long as practicable.

At the Waste Management Plant the radioactive wastewater treatment system is
shielded in concrete cells with collection systems for spillage. Otherwise it is not
contained. Compaction of low-level waste takes place in a glove-box maintained
at under-pressure.

The waste storage facilities are mostly ordinary hall buildings, see section 5.3..
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3 Release from the installation of airborne
effluents in normal conditions

3.1 Authorisation in force

Under the Nuclear Installations Act (1962) erection and operation of nuclear in-
stallations are subject to authorisation from the Minister of the Interior and Health
and installations are subject to inspection from the Nuclear Regulatory Authorities
(The Nuclear Office under the Danish Emergency Management Agency and the
National Institute of Radiation Hygiene under the National Board of Health).
Based on the general authorisation of the nuclear installations at Ris0 National
Laboratory the Nuclear Regulatory Authorities have earlier issued Operational
Limits and Conditions for the site at Ris0 and for the individual nuclear installa-
tions.

3.1.1 Outline of the procedure in force
Operational Limits and Conditions are formulated in accordance with other rele-
vant Danish legislation and take into account requirements in National Board of
Health Order (1997) on dose limits for ionising radiation, including:

• Justification of all new types of practices resulting in exposure to ionising ra-
diation,

• Optimisation of protection from all exposures (ALARA),
• Dose limitation; at present members of the public should not be exposed to a

dose of more than 1 mSv/a from all man-made sources of ionising radiation
other than from medical exposure, and

• Use of dose constraints.

During the long operational period of the nuclear installations at Ris0 the dis-
charge limits have been expressed with reference to the dose limit for members
of the public of 1 mSv/year and a prompt reporting requirement to the Nuclear
Regulatory Authorities for expected or actual semi-annual releases exceeding ten
times typical values over previous years. Reporting according to the "10-factor-
rule" has never occurred.

3.1.2 Discharge limits and associated requirements
For the decommissioning of the nuclear installations and for the continued opera-
tion of the Waste Management Plant during the decommissioning work it is en-
visaged to issue revised Operational Limits and Conditions including the following
requirements for discharge control and new discharge limits:

• Dose constraints of 0.05 mSv/a for individual installations at Ris0 and of 0.1
mSv/a for Ris0 as a whole. Annual discharge limits are based on a reference
dose of 0.05 mSv/a,

• Applying ALARA (e.g. Best Practicable Means) to limit the radioactive content
of discharges,

• Monitoring all discharges,
• Routine reporting of discharges semi-annually to the Nuclear Regulatory

Authorities, and
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• Extraordinary reporting to the Nuclear Regulatory Authorities within 2 weeks
when certain levels are or are expected to be exceeded.

The envisaged annual discharge limits and extraordinary reporting levels are
given in table 3.1. The annual discharge limits are based on the calculations
shown in appendix B. Extraordinary reporting levels are based on the Expected
(future) Annual Discharges (EAD). If a release during a month has exceeded or is
expected to exceed the nuclide-specific EAD, an extraordinary report shall be
prepared for the authorities. The report shall include a description of measures
taken or to be taken to bring future discharges under control.

Table 3.1. Envisaged annual discharge limits and extraordinary reporting levels for an-
nual atmospheric discharges from each of the nuclear installations at Rise National Labo-
ratory.

Radionuclide

3H

14C

60Co

90Sr

137Cs

152+154Eu

Actinides

Annual discharge limit
(GBq/a)

1,000,000

1,000

1,000

200

700

700

1

Extraordinary reporting level

EAD reached within one month

(Values for EAD are discussed in
the following)

The annual releases from Ris0 National Laboratory being considered as a single
nuclear facility should respect a dose constraint of 0.1 mSv/a, and, consequently,
these annual releases should in total not exceed twice the values shown in table
3.1. The normal summation formula applies to discharge limits and reporting lev-
els.

3.2 Technical aspects

The main sources of previous gaseous releases of radionuclides to the atmos-
phere from the Ris0 site were from the research reactor DR 3 and from the
Waste Management Plant. During operation of DR 3, the major releases were
41Ar from neutron-activated cooling air and tritiated heavy water vapour from the
primary cooling system. The average annual releases to the atmosphere were
about 28,000 GBq 41Ar and about 7,800 GBq of tritium as tritiated heavy water
vapour.

After reactor operation was stopped in 2000 the production of 41Ar has ceased.
All of the heavy water has been removed from the reactor tank. However, some
tritium release still occurs and this is expected to continue while the reactor block
(e.g. the graphite) is drying out. Also the concrete shield contains tritium pro-
duced from neutron activation of traces of lithium by the 7Li (n, a) 3H process.
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At the Waste Management Plant the off gases from the waste water evaporator
and bituminisation plant is mixed with air from the cells and exhausted without
filtration through a chimney at the top of the 18 m high building. Releases of 14C
as CO2 occurred from bitumen conditioning of anion-exchange resins from the
DR 3. The total annual releases from the Waste Management Plant were about 7
GBq/year. After closure of DR 3, the production mode 17O (n, a) 14C in the heavy
water is no longer relevant and releases of 14C from this source have ceased.

Releases during the decommissioning of the nuclear facilities are discussed in
the following.

3.2.1 Expected annual discharges
Any operational release of radionuclides during decommissioning of the nuclear
facilities is expected to be small. For the reactor DR 3 and the Waste Manage-
ment Plant the foreseen releases would be significantly less than during the op-
eration of DR 3 and the dominating activity will be tritium.

Reactor DR 3
At present, the containment at DR 3 and the cavities in the biological shield are
ventilated and the ventilation air is discharged through a 23 metres high ventila-
tion stack after filtration through HEPA-filters (efficiency > 99 %). The discharge
from the reactor to the atmosphere is presently only tritium, probably from the
heavy water trapped in the graphite after the leak in the primary cooling system
during 1999 - 2000. The tritium discharge to the atmosphere during 2001 was
measured to about 1,000 GBq and it is slowly decreasing.

The main decommissioning activities, which could potentially cause additional
discharges to the atmosphere, are the dismantling and fragmentation of the ac-
tive reactor construction components and the subsequent processing and pack-
ing of the resulting dry waste. The major radionuclides in the construction parts
are 3H (36 TBq), 14C (0.2 TBq), 60Co (100 TBq), 133Ba (2 TBq) and 152+154Eu (2
TBq). The activities indicated in parenthesis refer to the year 2000 when also
large amounts of 55Fe and 65Zn were present. At the time of decommissioning of
DR 3, the activity of 55Fe and 65Zn will, however, have decayed to insignificantly
low levels.

Values for releases of the radionuclides present in the reactor components during
decommissioning are difficult to estimate. The major part of the activity is fixed
within the components as activation products, and it is therefore assumed that an
annual fractional release rate of 0.1 % of the inventory per year is rather conser-
vative. Due to filtration through HEPA-filters a maximum of 1 % of this fractional
release rate is assumed to penetrate the filters. A filtered release rate of 0.1 %
per year corresponds to the following expected maximum annual discharges of
activation products (the tritiated heavy water release is not diminished by filtra-
tion, whereas the tritium content in concrete is filtrated):

3H 0.36 GBq/a and 1,000 GBq/a from heavy water in graphite
14C 0.002 GBq/a
60Co 1 GBq/a
133Ba 0.02 GBq/a
152+154Eu 0.02 GBq/a
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Although the release rate is dominated by tritium as heavy water vapour escaping
from the graphite system, the individual doses from exposure of the public would
be dominated by the release of 60Co.

If the above mentioned release rate (0.1 %) is in form of dust originating from the
dismantling of 100 t in a year, the daily dust dispersion is of the order of 300 g (*
30 g/h).

Hot Cells
The only ventilation of the six sealed concrete cells at the Hot Cell facility after
the partial cleaning in the early 90'ties is passive, driven by changes in meteoro-
logical conditions like temperature and atmospheric pressure. The air exchange
with the surroundings occurs through a filter that will filtrate any dust and parti-
cles, which may become airborne inside the cells. The filter is checked once a
year for content of radionuclides.

Before the cells were sealed, they were all cleaned remotely (vacuum cleaning
and wiping) using the cell master-slave manipulators. In addition, high-pressure
water jetting was used to clean two of the cells. Based on radiation and contami-
nation measurements the activity content and radionuclide composition in each
cell have been determined. The measured y-dose rate distribution from TL-
dosimeters placed in each cell was used to calculate the activity from the domi-
nating p/y-emitting contaminant (137Cs) assuming a uniform activity distribution
over the inner surfaces. Several smear samples each over an area of about 1 m2

were taken from tables, walls, and floors and the relative radionuclide distribution
determined by a- and y-spectrometric analyses.

The major radionuclides within the concrete cells are 60Co (20 GBq), 90Sr (1,200
GBq), 137Cs (1,800 GBq) and the actinides 238+239+24°pu? 24iAm and 244Cm (10Q

GBq in total). The activity is present as particles and dust on the inner surfaces of
the cells. The original ventilation system of the cells and the previous monitoring
of exhaust through the Hot Cells chimney have been abolished. An ad hoc venti-
lation system will therefore be needed when internal decontamination of the cells
is initiated and monitoring will be established during these operations.

The foreseen release of radionuclides to the atmosphere during decommission-
ing is again difficult to estimate. However, as the activity within the cells is found
as dust and small particles, a fractional release rate during decommissioning of
the cells of about 0.1 % might be more likely than during decommissioning of the
reactor DR 3, but still a very conservative estimate. Taking into account that a
ventilation system with HEPA filters will be constructed when the decommission-
ing of the cells will be implemented, the annual fractional release rates corre-
spond to the following expected annual discharges:

60Co 0.0002 GBq/a
90Sr 0.01 GBq/a
137Cs 0.02 GBq/a

Actinides 0.001 GBq/a

Although the release is dominated by 9°Sr and 137Cs, the individual doses from
exposure of the public would be dominated by the release of actinides.
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Reactors DR 1 and DR 2
The reactor DR 1 was closed in 2001 and the core fuel solution has been re-
moved in 2002 and is now stored under safe and secure conditions awaiting a
decision on the final management. After that, the residual activity is judged to be
less than 10 GBq of activation products like 60Co and 152+154Eu. A similar amount
of 137Cs is trapped in the recombiner from decay of 137Xe. The graphite reflector
contains small amounts of 14C.

The reactor DR 2 was closed in 1975 and the reactor block was sealed. In May
2000 the concrete lid, the lead bricks and the steel lid were removed from the top
of the DR 2 and a measurement programme was initiated with the aim of deter-
mining the residual activity within the reactor components. The activity inventory
was estimated to be about 60 GBq, mainly 60Co and 152Eu, but a considerable
part of the activity have been removed in connection with the characterisation
study. The thermal column graphite contains about 15 GBq 14C.

Assuming that the release rate from the reactor components during decommis-
sioning of DR 1 and DR 2 conservatively will be less than 0.1 % of the inventory
per year as was assumed for reactor DR 3, the expected annual discharges (un-
filtered) to the atmosphere will be of the order of:

Reactor DR 1 0.02 GBq/a (mainly 60Co and 137Cs)

Reactor DR 2 0.06 GBq/a (60Co and 152Eu most important)

Waste Management Plant
The waste management plant with its storage facilities is still in operation and will
be decommissioned when all the other nuclear facilities at the Riso site have
been dismantled. Discharges to the atmosphere during operation are continu-
ously measured and presently the annual discharge of p/y-particulates is less
than 0.001 GBq/a.

3.2.2 Origins of the radioactive effluents, their composition and
physico-chemical form

Almost all of the expected discharges of radioactive materials to the atmosphere
from future decommissioning activities will come from operations inside the reac-
tor vessel of DR 3 and during the cleaning operations in the concrete cells at the
Hot Cell facility. The physical-chemical form of the discharges from DR 3 would
be as tritiated water and as very small particles (of the construction parts) con-
taining activation products. The expected discharges from the Hot Cells would be
as very small particles of irradiated fuel and contaminated dust. Only minor dis-
charges of activity are expected to occur during the decommissioning operations
at the reactors DR 1 and DR 2 and, if so, such discharges would be as very small
particles of the reactor components.

3.2.3 Management of effluents, methods and paths of release
Discharges of radioactive materials to the atmosphere during the decommission-
ing process will be managed through a thorough planning, which includes a com-
bined optimisation of radiation protection of the decommissioning staff and the
public. The discharges must as a minimum respect the discharge limits set by the
Nuclear Regulatory Authorities. Discharges exceeding extraordinary reporting
levels set by the authorities for fixed periods within a calendar year shall result in
a written report to the authorities that shall include a description on the reasons
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for the unexpected discharges and also on the measures to be taken for control-
ling future discharges.

The paths of estimated releases of radioactive materials to the atmosphere from
reactor DR 3 and from the Hot Cells would be through the ventilation stacks as
long as the containments are still intact. If the containments are to be (temporar-
ily) broken due to a need for moving large components for further subdivision the
release path could be directly from the workplace to the atmosphere. In those
situations, the releases will be estimated from the measured activity concentra-
tion in air at the workplace. The activity concentration in air at workplaces will be
monitored continuously.

3.3 Monitoring of discharges

Discharges are presently being monitored from the nuclear facilities DR 3 and the
Waste Management Plant. The monitoring systems used are of the integrating
type, the response of which is proportional to the total amount of activity already
released to the atmosphere. Such systems are significantly more sensitive than
those having a response proportional to the activity release rate. These monitor-
ing systems will continue also after decommissioning is initiated. Similar systems
will be installed at the Hot Cells during decommissioning operations at this facil-
ity. Monitoring of discharges from the DR 1 and DR 2 reactors will be based on
more simple systems, e.g. continuous monitoring of air contamination at the
workplaces and ventilation rates of the buildings.

3.3.1 Monitoring of tritium and {3/y-emitting radionuclides from
DR3

Exhaust air from the reactor vessel is continuously being monitored for tritiated
water and particulate matter.

Water vapour in the ventilation air is trapped in a cooling system through which
air continuously is being sampled from the ventilation system. The concentration
of tritium in the frozen sample is measured by liquid scintillation after melting. The
discharge rate of tritium is determined from the ratio of the total ventilation dis-
charge rate to the sample flow rate through the cooling system, the concentration
of tritium in the frozen sample, and the humidity of the air. The samples are col-
lected daily and measured weekly.

Particulates in the sampled exhaust air are collected on a high efficiency sample
filter through which air continuously is being drawn from the ventilation system.
The activity content on the sample filter is determined by gamma-spectrometric
analyses. The activity discharged to the atmosphere is determined from the ratio
of the total ventilation discharge rate to the sample flow rate through the filter and
the activity collected on the filter paper. The samples are measured weekly.

3.3.2 Monitoring of p/y-emitting radionuclides from the Waste
Management Plant

A side stream of the exhaust air from the process equipment is continuously
monitored by a GM tube looking' at a glass-wool particle filter and an active car-
bon absorber. The filters are changed regularly and recounted after decay of ra-
don daughters. Integration gives reported annual releases of about 0.0004 GBq
p/y activity in form of airborne particles. The same counter was used to estimate
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gas concentrations in the relatively large peak releases of 14C as 14CO2 from bi-
tumen conditioning of anion-exchange resins from reactor DR 3.

3.3.3 Monitoring of (3/y-emitting radionuclides from the Hot
Cells, DR 1 and DR 2

During decommissioning of the Hot Cells, a ventilation system will be established
and the release of activity will be monitored from a sampling system similar to the
one that was in operation before the closure of the facility. During decommission-
ing of the reactors DR 1 and DR 2 there is no need for continuous monitoring of
the release of radionuclides to the atmosphere as a continuous air contamination
monitoring at workplaces will be used to estimate the release to the surroundings.

3.3.4 Alarm levels and reference levels
An alarm level has been established for the stack monitor at the reactor DR 3.
The stack monitor is a two-out-of-three set of ionising chambers placed inside the
bottom of the ventilation stack. At a preset alarm level of 40 jaSv/h the ionising
chambers will initiate building seal so further discharges to the atmosphere are
prevented. The alarm level corresponds to an external y-dose rate from the activ-
ity release rate of the order of 0.01 - 0.3 (.tSv/h (depending on the atmospheric
stability conditions) at ground level at a downwind distance of 1 km.

Reporting levels will be established with relation to the expected annual dis-
charge levels (EADs) for the different nuclear facilities. If a release during a
month has exceeded or is expected to exceed the nuclide-specific EAD, an ex-
traordinary report shall be prepared for the authorities. The report shall include a
description of measures taken or to be taken to bring future discharges under
control.

3.4 Evaluation of transfer to man

3.4.1 Models and parameter values used to calculate conse-
quences of the releases

The models and parameters used to calculate the radiological consequences of
the releases of radionuclides to the atmosphere are described in appendix B. The
model is a gaussian dispersion model using average atmospheric stability condi-
tions based on the local distribution of Pasquill/Gifford stability categories. Trans-
fer factors from deposited activity to major foodstuffs and the methodology to
assess ingestion doses are described. Individual doses are calculated for two
critical groups, a local group situated at a distance of 1 km from the site and a
Swedish group situated at a distance of 63 km from the site.

Atmospheric dispersion of the effluents
The time-integrated concentration at distances 1 km (critical group) and 63 km
(nearest inhabitants in Sweden) from the release point for a unit continuous re-
lease over a year, Cav, has been calculated to be (see appendix B):

Cav (1 km) 5 10-10 6 Bq-s-m 3/Bq

Cav (63 km) = 16-10 9 Bq-s-m 3/Bq

These time-integrated concentrations are the key figures for all the dose calcula-
tions for both the expected discharges and the discharge limits.
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Ground deposition and resuspension
A dry deposition velocity, va, of 0.001 m/s has been used to calculate the average
ground deposition, Qav, for depositable radionuclides for a unit continuous re-
lease over a year:

Qav(1 km) = 10-10 9Bq-m 2/Bq

Qav (63 km) = 16-10 12 Bq-m 2/Bq

The average air concentration from resuspension can be calculated as the prod-
uct of a resuspension factor and the average ground deposition. A value of the
resuspension factor of 10 7 m 1 is a reasonable conservative value for inhalation
dose calculations from resuspended activity.

Food chains, inhalation and external exposure
The individual doses from the exposure to activity released during decommission-
ing will be dominated by the inhalation and ingestion pathways compared to ex-
ternal doses. Therefore, only doses from ingestion of contaminated foodstuffs
and inhalation doses have been calculated. Doses have been calculated for both
children and adults. The dose conversion factors used for inhalation and inges-
tion and transfer factors for the major foodstuffs are shown in appendix B.

3.4.2 Evaluation of concentration and exposure levels during
decommissioning

The following concentration and exposure levels have been calculated for two
sets of annual releases.

The first set includes the maximum value of the expected nuclide-specific atmos-
pheric releases from each of the nuclear facilities: These values are therefore
acting as generic annual release rates for the Rise-site, irrespective of the facility.

The second set includes the release limits envisaged to be specified by the Nu-
clear Regulatory Authorities. Both set of release rates are given in table 3.2.

Annual average activity concentrations in the air and surface contamination levels
The release rates given in table 3.2 have been used as input to the gaussian dis-
persion model. The calculated annual average concentrations in outdoor air at
ground level and the corresponding surface contamination are given in table 3.3
and table 3.4.

Annual exposure levels for reference groups in other Member States
The calculated annual average air concentrations at ground level have been
used to calculate inhalation and ingestion doses to the two critical groups in
Denmark and Sweden. It has been assumed in the calculations that the transfer
factors and food habits in Denmark and in Sweden are similar. To account for
indoor/outdoor occupancy, the annual outdoor inhalation doses have been re-
duced by a factor of 2 due to the filtering effect of buildings. The calculated indi-
vidual doses are given in table 3.5.
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Table 3.2. Atmospheric release rates used in the calculations of exposures and doses to
the critical groups in Denmark and Sweden. The second column gives the selected
maximum values from section 3.2 1 and the values in the third column are identical to the
values given in table 3.1.

Radionuclide

3H

14C

60Co

90Sr

137Cs

152*154Eu

Actinides

Expected maximum
annual discharges (EAD)

(GBq/a)

1,000

0.002

1

0.01

0.02

002

0.001

Annual discharge limits
(GBq/a)

1,000,000

1,000

1,000

200

700

700

1

Table 33 Annual average activity concentrations and surface contamination levels from
releases specified in table 3.2 for critical group in Denmark (1 km).

Radionuclide

3H

14C

60Co

90Sr

137Cs

152.154Eu

Actinides

Expected maximum
annual discharges

Air cone.
(Bq-m 3)

3-10 1

6-10 7

3-10 4

3-10 6

6-10 6

6-10 6

3-10 7

Surface cone.
(Bq-m 2)

-

-

1-101

1-10 1

2-10 1

2-10 1

1-10 2

Annual discharge
limits

Air cone.
(Bq-m 3)

3-102

3-10 1

3-10 1

6-10 2

2-10 1

2-10 1

3-10 4

Surface cone.
(Bq-m 2)

-

-

1-104

2-103

7-103

7-103

1-101
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Table 3.4. Annual average activity concentrations and surface contamination levels from
releases specified in table 3.2 for critical group in Sweden (63 km).

Radionuclide

3H

14C

60Co

90Sr

137Cs

152+154Eu

Actinides

Expected maximum
annual discharges

Air cone.
(Bq-m 3)

5-10 4

MO 9

5-10 7

5-10 9

1-108

1-10 8

5-10 10

Surface cone.
(Bq-m 2)

-

-

2-10 2

2-10 4

3-10 4

3-10 4

2-10 5

Annual discharge
limits

Air cone.
(Bq-m 3)

5-10 1

5-10 4

5-10 4

1-10 4

3-10 4

3-10 4

5-10 7

Surface cone.
(Bq-m 2)

-

-

2-101

3-10°

1-101

1-101

2-10 2

Table 3.5. Annual doses to children and adults in Denmark (1 km) and Sweden (63 km)
from the release rates specified in table 3.2.

Radionuclide

3H

14C

60Co

90Sr

137Cs

152+154Eu

Actinides

Expected maximum
annual discharges

Denmark (jaSv/a)

Children

2-10 2

8-10 5

3-10 2

3-10 3

1-10 3

1-103

4-10 2

Adults

4-10 2

3-10 5

no 2

1-10 3

1-10 3

9-10 4

5-10 2

Sweden (nSv/a)

Children

4-10 5

1-10 7

5-10 5

4-10 6

2-10 6

2-10 6

7-10 5

Adults

6-10 5

5-10 8

2-10 5

2-10 6

2-10 6

2-10 6

8-10 5

Annual discharge
limits

Denmark (jaSv/a)

Children

3-101

5-101

5-101

5-101

4-101

5-101

4-101

Adults

5-101

2-101

2-101

2-101

5-101

3-101

5-101

Sweden (^Sv/a)

Children

6-10 2

8-10 2

8-10 2

8-10 2

6-10 2

8-10 2

7-10 2

Adults

8-10 2

3-10 2

3-10 2

4-10 2

8-10 2

5-10 2

8-10 2
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4 Release from the installation of liquid
radioactive effluents in normal conditions

4.1 Authorisation procedure in force

The authorisation procedure in force is described in section 3.1 of chapter 3.

4.1.1 Outline of the procedure in force
The procedure in force is outlined in section 3.1.1 of chapter 3.

4.1.2 Discharge limits and associated requirements
For the decommissioning of the nuclear installations and for the continued opera-
tion of the Waste Management Plant during the decommissioning work it is en-
visaged to issue revised Operational Limits and Conditions including the require-
ments for discharge control and new discharge limits as already described in sec-
tion 3.1.1.

The envisaged annual discharge limits and extraordinary reporting levels are
given in table 4.1. The annual discharge limits are based on a dose constraint of
0.05 mSv/a and the calculations shown in appendix C. Extraordinary reporting
levels are based on the Expected (future) Annual Discharges (EAD) and the re-
porting shall include a description of the reasons for the unexpected discharges
and measures taken for control of future discharges.

Table 4.1. Envisaged annual discharge limits and extraordinary reporting levels for an-
nual liquid discharges from the Waste Management Plant at Rise National Laboratory.

Radionuclide

3H

137Cs

Annual discharge limit
(GBq/a)

1,000,000

400

Extraordinary reporting level

EAD reached within one month

The annual releases from Riso National Laboratory being considered as a single
nuclear facility should respect a dose constraint of 0.1 mSv/a, and, consequently,
these annual releases should in total not exceed twice the values shown in table
4.1. The normal summation formula applies to discharge limits and reporting lev-
els.

4.2 Technical aspects

The collection system for wastewater at Riso consists of five sub-systems:

1) Tank collection systems for contaminated water from the nuclear facilities and
laboratories working with activity. The about 1,000 - 2,000 m3 per year are
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always purified by distillation. The distillate can be released to the sewage
system if below a concentration limit of 1.5 Bq gross p/ml.

2) Tank collection systems, e.g. for cooling water, which potentially could be
contaminated through leaks from the active system to the cooling system.
Approximately 1,000 - 5,000 m3 per year are released to the sewage system
if below a concentration limit of 0.15 Bq gross p/ml.

3) Tank collection system for rainwater overflowing from basins with tailings
from uranium extraction experiments using ore from Greenland. Approxi-
mately 500 - 1,000 m3 per year is released to the sewage system if below a
concentration limit of 0.4 Bq gross p/ml. Otherwise it is purified by precipita-
tion.

4) Ordinary pipe system for about 60,000 - 100,000 m3 inactive sewage water
per year passing through a biological purification plant before release to the
fjord through a 300 m long pipeline.

5) Separate systems for collection of rainwater from different non-nuclear areas
at the Ris0 site. The water is released without control at five positions along
the coast.

The amounts and composition of the wastewater from especially systems 1 and 2
will change in connection with the decommissioning operations; but it is expected
that this type of water can still be handled and purified by the present system. It is
not likely that annual releases will be higher than previously encountered.

The outlet from the sewage purification plant is situated at the bottom of the fjord,
at about 3 m water depth and about 250 m north of the Waste Management
Plant. The present typical annual discharge is about 60,000 m3 corresponding to
a water velocity of about 30 cm/s at the outlet when the pumps are operating.
The currents in the shallow waters around the outlet are weak, typically 3 to 5
cm/s and in the inner part of the bay north of Riso from 0 to 2 cm/s, but even then
a considerable dilution of the discharge will take place at short distance.

4.3 Monitoring of discharges

4.3.1 Sampling, measurement and analysis of discharges
The releases of water from the purification system at the Waste Management
Plant are routinely being sampled to verify compliance with the release limits. It is
based on gross p-counting of water samples dried on aluminium disks. Additional
analyses are made when samples are above 25 % of the concentration limits.
The gross p-counting is supplemented with analyses by y-spectrometry and scin-
tillation counting of pooled samples representing three months periods. Also
chemical analyses are made. The content of tritium in the purified water is deter-
mined by liquid scintillation counting. Independent control of the activity in the
sewage system is performed on a monthly basis.

4.3.2 Alarm levels and intervention levels
Reporting levels will be established with relation to the expected annual dis-
charge levels (EADs) for the different nuclear facilities. If a measured release
during a month has exceeded or is expected to exceed the nuclide-specific BAD,
an extraordinary report shall be prepared for the authorities. The report shall in-
clude a description of measures taken or to be taken to bring future discharges
under control.
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4.4 Evaluation of transfer to man

During decommissioning of the nuclear facilities some aquatic releases might
occur via the water treatment system at the Waste Management Plant. The
dominating activity release is expected to be in form of tritiated water.

4.4.1 Models and parameter values used to calculate conse-
quences of the releases

The model used for calculating the consequences of aquatic routine releases is
described in appendix C. The model has been validated with data from a single
release of approximately 30,000 GBq tritium to Roskilde Fjord [14].

4.4.2 Evaluation of concentration and exposure levels during
decommissioning

Releases of tritiated heavy water to Roskilde Fjord have in recent years been
around some hundred GBq/y from DR 3. From the Waste Management Plant the
tritium release has been around a few thousand GBq/y. The release of dissolved
gross (3/y-activity from the Waste Management Plant is less than 0.2 GBq/y of
which about half is the naturally occurring 40K. The remaining part is a mixture of
several nuclides; for assessment purposes the activity is conservatively consid-
ered to be 137Cs.

Internal exposures are calculated from consumption of fish that have taken up
tritium and 137Cs from contaminated water bodies and intake of contaminated
water. Annual individual doses and average water concentrations are determined
for aquatic releases of tritium and 137Cs to Roskilde Fjord from the Waste Man-
agement Plant at two specific locations:

• A critical group located near the site (i.e. consuming fish caught in Roskilde
Fjord and consuming water from Roskilde Fjord).

• The nearest population group in another Member State (e.g. Sweden) con-
suming fish caught in Kattegat.

The following concentrations and exposure levels have been calculated for two
sets of annual releases. The first set includes the maximum value of the expected
nuclide-specific aquatic releases from the Waste Management Plant; the second
set includes the release limits envisaged to be specified by the Nuclear Regula-
tory Authorities. The Waste Management Plant is the only nuclear facility from
which aquatic releases can be expected during decommissioning of the other
facilities. Both sets of release rates are given in table 4.2.

The individual doses have been calculated to the critical group living around
Roskilde Fjord and to people in Sweden. Doses have been calculated for both
children and adults. The assumed exposure pathways are consumption of fish
exclusively from Roskilde fjord or Kattegat and intake of water exclusively from
Roskilde Fjord. An annual consumption rate of 25 kg of fish (adults) has been
assumed as being at the high end of annual fish consumption in the Nordic coun-
tries (the average consumption in Denmark is about 9 kg/a). The daily water in-
take rate is assumed to be 2.2 litres (adults). The calculated concentrations in
Roskilde Fjord are shown in table 4.3. for the two sets of aquatic release rates.
The calculated concentrations in Kattegat are shown in table 4.4. for the two sets
of aquatic release rates.
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Table 4.2. Aquatic release rates used in the calculations of exposures and doses to the
critical groups in Denmark and Sweden. The first column gives the expected maximum
releases and the values in the second column are identical to the values given in table
4.1.

Radionuclide

3H

137Cs

Expected maximum
annual discharges (EAD)

(GBq/a)

2,000

0.3

Annual discharge limits
(GBq/a)

1,000,000

400

Table 4.3. Equilibrium concentrations in Roskilde Fjord from releases specified in table
4.2.

Radionuclide

3H

137Cs

Expected maximum annual
discharges

Concentration
(Bq/m3)

6-103

1-10°

Annual discharge limits

Concentration
(Bq/m3)

3-106

"MO3

Table 4.4. Equilibrium concentrations in Kattegat from releases specified in table 4.2.

Radionuclide

3H

137Cs

Expected maximum
annual discharges

Concentration
(Bq/m3)

1-10°

"MO4

Annual discharge limits

Concentration
(Bq/m3)

4-102

2-10 1

The individual doses have been calculated from the two sets of annual releases
of tritium and 137Cs given in table 4.2. The results of these calculations are given
in table 4.5. and table 4.6. for the expected maximum annual releases and the
release limits, respectively.
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Table 4.5. Annual doses to children and adults in Denmark and Sweden from expected
releases of tritium and 137Cs to Roskilde Fjord.

Radionuclide

3H

137Cs

Individual doses in Denmark
(MSv/a)

Water

Child

6-10 2

2-10 3

Adult

8-10 2

1-10 2

Fish

Child

4-10 3

2-10 2

Adult

3-10 3

3-10 2

Individual doses in Sweden
((.iSv/a)

Fish

Child

5-10 7

2-10 6

Adult

4-10 7

4-10 6

Table 4.6. Annual doses to children and adults in Denmark and Sweden from releases of
tritium and 137Cs to Roskilde Fjord equal to the release limits.

Radionuclide

3H

137Cs

Individual doses in Denmark
(nSv/a)

Water

Child

3'101

3-10°

Adult

4-101

MO1

Fish

Child

2-10°

2-101

Adult

1-10°

4-101

Individual doses in Sweden
(j.iSv/a)

Fish

Child

3-10 4

3-10 3

Adult

2-10 4

5-10 3
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5 Treatment of solid radioactive waste

5.1 Categories of solid radioactive waste and estimated
amounts

Waste from the decommissioning of the nuclear facilities at Riso as well as the
already existing waste will mainly be of the low- and intermediate level short-lived
type. In the following the recommended EU classification [12] is used (LILW-SL
or LILW-LL depending on a concentrations below or above 400 Bq/g (excep-
tionally 4000 Bq/g)).

The volume of the decommissioning waste to be stored and later placed in a dis-
posal facility depends on shielding requirements as determined by contents of y-
emitters and on how efficient it is possible to pack the various waste components
into the concrete containers. In the following it is assumed that the effective mean
density is one tonne decommissioning waste (aluminium, steel, graphite, con-
crete) per m3.

Estimates are given in [1] for expected volumes of conditioned waste from de-
commissioning of DR 1, DR 2, DR 3 with associated buildings, the concrete cells
in the Hot Cells building, the Fuel Fabrication Plant, and the Waste Management
Plant with its storage facilities. The figures are reproduced in table 5.1, which also
gives the approximate volume of the already existing waste in drums, etc.

In addition to the waste mentioned in table 5.1 about 233 kg experimentally pro-
duced and irradiated spent fuel of power reactor type is remaining from post-
irradiation investigations at the Hot Cells and is stored in stainless steel contain-
ers in 'Centralvejslageret'. The remains from the pilot plant experiments with ura-
nium extraction from ores from Greenland is stored under water in basins, see
section 5.3.

5.2 Processing and packaging

The sorting box and balling press available at the Waste Management Plant are
of relatively small dimensions and capacity. They will continue to be used for
secondary waste from the decommissioning work (rags, polyethylene foil, paper,
small equipment etc.) while the actual demolition waste will be packed at or near
the site of production.

The building housing the balling press also contains equipment for cementation
of waste units (only used on an ad hoc basis) and for casting of the standard con-
tainers used for waste at Ris0. They consist of a 100 L drum inside a 210 L steel
drum with the annular space cast with cement mortar. Typically the drums con-
tain up to about 100 kg waste.

For decommissioning waste it is planned to use box-shaped reinforced concrete
containers probably with external dimensions 1.5x1.5x2.3 m and wall thickness
0.12 m. The units may typically contain up to about 8 t waste, and will mainly be
packed by operators at the decommissioning sites, y-scanning of selected com-
ponents and sampling for destructive analyses will be carried out to ensure suffi-
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cient knowledge about radioisotope contents in the waste. Activation calculations
and key-isotope based estimates will be used as supplement.

Table 5.1 Estimated amounts of conditioned radioactive waste with indications for con-
tents of short and long-lived (i/y- and u-activity contents by year 2000.

Conditioned
radioactive
waste

Decommission-
ing waste from:

DR 1

DR2

DR3-complex1)

Fuel fabrication

Hot Cells

Waste Plant

Existing waste:

In drums etc.3'

Total about:

Volume of con-
ditioned waste

(m3)

2

120

1,000

6

50

50

1,800

3,000

p/y-activity
short-lived

(GBq)

1

60

197,0002)

-

3,300

1

346,000

546,000

p-activity,
long-lived

Tya > 30 years

(GBq)

Low

Low

7,700

-

Low

Low

22,000

29,700

a-activity,
long-lived

actinides, etc.

(GBq)

Low

Low

Low

Low

100

Low

4,400

4,500

1) The activities are based on activation calculations for the DIDO reactor at Harwell,
UK They may be 0.4-0.6 times lower in case of DR 3 due to differences in power his-
tory.

2) Includes also tritium, mainly present in the irradiated concrete shielding.
3) A considerable part of the activity is in form of spent sealed sources.

Most of the waste from the decommissioning is of the LILW-SL type although
some contains long-lived p-emitters (mainly 63Ni in stainless steel components
from DR3 and 14C in graphite). Some of the waste from decommissioning of the
internal of the Hot-Cells could be LLW-LL with more than 400 Bq a /g.

Of the existing waste about 130 m3 (also from the Hot Cells) is presently consid-
ered to be of the LILW-LL type. Measurements may show that this is not always
the case.

The existing waste includes a minor number of drums and other containers with
spent sources. This comprises a number of relatively large 241Am and 241Am-Be
sources representing a major contribution to the total a-inventory.

In addition to the waste mentioned in table 5.1 about 233 kg experimentally pro-
duced and irradiated spent fuel of power reactor type remain from post-irradiation
investigations in the Hot Cells. The material is stored in stainless steel containers
in 'Centralvejslageret'. The amount is too small to give heat generation problems.
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Some 4800 t of tailings and unused ore remain after experiments with uranium
extraction from ore from Greenland. The a-concentration is about 25 Bq/g, see
section 5.3.

5.3 Storage arrangements

The existing major waste storage facilities at Ris0 are:

• The Storage Hall for conditioned low-level waste placed west of the main
building of the Waste Management Plant, see figure 1.2. The Storage Hall
presently contains about 4,700 drums with compacted or bituminised waste,
see figure 5.1. The remaining capacity is about 500 to 800 drums. Black
painted drums are used for low-level waste while galvanised drums are used
for the more active waste.

• The Drum Store, placed east of the main building of the Waste Management
Plant, see figure 1.2. The Drum Store was intended and is partially used as a
decay store. Presently it contains about 70 drums, some of which are decay-
ing rather slowly due to the content of fission products.

• 'Centralvejslageret' is situated at the western end of the Riso peninsula, see
figure 1.2. The storage facility (about 260 m2, see figure 5.2) consists of an
underground concrete block with holes for drums and stainless steel contain-
ers (A-containers) and pits used for non-standard packages. An overhead
crane handles e.g. the lead flask used for transfer of A-containers. Spent
sources and waste with significant a-contamination, high external radiation or
fissile materials under safeguards are placed in this facility. This includes 233
kg fuel remaining from the post-irradiation investigations in the Hot Cells.
Only limited storage capacity remains. The facility contains 90 A-containers,
195 drums and about 130 m3 long-lived low-level off-standard waste pack-
ages. Further characterisation and conditioning of waste units in this facility
will be needed before disposal.

• Two large basins with 1,130 t tailings stored under water and 3,670 t excess
ore remains after uranium extraction experiments using ore from Kvanefjeld
in Greenland, see figure 1.2.

The existing storage facilities are more or less full and will be maintained in pas-
sive conditions until final disposal of their contents is possible. For the decom-
missioning is therefore planned to build:

• A new about 800 m2 large storage hall especially for concrete containers with
decommissioning waste.
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Figure 5.1 Existing Storage Hall for low-level waste in drums

Concrete block with holes »nd cellars

21.4 m

Figure 5.2 East facade and profile of the underground concrete block used for storage of
waste requiring special shielding and a-contaminated waste (Centralvejslageret), for posi-
tion see the map figure 1.2.

The preferred position of the new storage facility is shown in figure 1.2. The facil-
ity covers approximately 1620 m2 but only half will be build initially. It is a simple
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hall construction, divided into two bays each served by an overhead crane, see
figure 5.3. The floor is concrete designed for 10 t/m2 as maximum load. The wall
and roof are metal plates not thermally isolated. The building will be provided with
some heating in the floor and possibility for regulating air humidity.

The storage facility is intended to be used for a new type of waste unit in form of
concrete containers of the type shown as an insert in figure 5.3. The waste unit
will be used for decommissioning waste but also - as shown in the figure - as
over pack for some of the existing waste drums.

30.5 in

•'...?/. J

i
i
i

i
,

T 1

f 1

i !

j
i i

54.5 m

Figure 5.3 Facades of the planned new storage facility at Ris0. The insert shows the con-
crete container supposed to be used for decommissioning waste and as shown here as
over pack for 5-6 drums with existing waste.

5.4 Radiological
taken

risk to the environment, precautions

The new as well as the older storage facilities are not considered a risk to the
environment. Water from drainage tubes below the floors is measured for radio-
activity and reported to the Nuclear Regulatory Authorities. Under normal circum-
stances fire is not a risk, provided the storage areas are kept free of irrelevant
materials. Accidental drop of a waste container may occur but should at the
maximum produce some local contamination. Outside working hours, the storage
facilities (and cranes etc.) are kept locked.
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5.5 Arrangements for the movement and destination of
classified waste transferred off-site

Internal transport at the Riso site will continue using trucks etc. as in established
practice.

External transport for the transfer of waste units will first be needed when a final
disposal facility is available. The waste units are expected to function as transport
packages in accordance with national transport regulations based on IAEA trans-
port regulations.

5.6 Criteria for contaminated materials to be released from
regulatory control

Criteria for release of materials from regulatory control are given in Ministry of the
Interior and Health order no. 192 of 2. April 2002 on exemptions from law on the
use of radioactive substances. The criteria are based on a dose criterion of 10
uSv in a year (effective dose to a member of the public) and are identical to the
criteria set out in Annex I of the Basic Safety Standards Directive 96/29/Euratom.

According to the above-mentioned order clearance for disposal, recycling or re-
use of materials from a regulated practice requires prior authorisation from the
National Board of Health (National Institute of Radiation Hygiene). Such an au-
thorisation will include requirements on characterisation and measurement of the
material in question before clearance and on documentation and quality assur-
ance. The guidance material in the order includes a specific reference to the rec-
ommendations given by the European Commission [13].

It is envisaged to issue a general authorisation with appropriate requirements to
the responsible operator (Riso National Laboratory/Danish Decommissioning) for
the clearance of "inactive materials" from the decommissioning process at Riso.

5.7 Envisaged types and amounts of released materials

Information about the use of materials in the nuclear facilities indicate that about
100 t of nearly inactive steel (from outer parts of reactor block etc.) and 300 t of
inactive steel from demolition of containments, buildings etc. can be expected
from the decommissioning of the facilities. Most of the other waste expected is
concrete estimated to about 5,000 t nearly inactive (about half from the Hot Cells
shielding) and 16,000 t inactive building rubble. Small amounts (some few t) of
other materials such as aluminium, stainless steel, lead, copper, electric equip-
ment etc. will also occur. These materials might be cleared as non-active materi-
als after control for content of radioactivity in accordance with the regulations
described in section 5.6. It is planned to build a dedicated measurement labora-
tory for this purpose with state of the art measurement equipments. A break down
for the amounts of materials expected from the different facilities are given in ta-
ble 5.2
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Only a very minor part of the controlled waste is expected to have activity con-
centration up to or near the authorised clearance levels. The major part of the
waste will have no measurable content of artificial radioactivity. The total release
of radioactivity through this pathway is therefore expected to be minimal.

Table 5.2 Estimated amounts of decommissioning waste expected to be cleared as non-
active materials.

Facility

DR 1

DR2

DR 3-complex

Fuel fabrication

Hot Cells

Waste Plant

Total about:

Mass of nearly inactive waste
(t)

200

300

1,800

-

2,500

100

4,900

Mass of inactive waste
(t)

1,000

600

11,000

10

-

3,600

16,000
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6 Unplanned releases of radioactive effluents

6.1 Review of accidents with unplanned releases of radio-
active substances

Decommissioning of the research reactors DR 1, DR 2 and DR 3 and the Hot
Cells at Riso give rise to risks of unplanned or accidental releases of radionu-
clides. After closure of reactor DR 3 the potential consequences of accidents at
this facility is greatly reduced. Here - and also at the other installations - inherent
driving forces supporting release such as heat generation or high pressures will
be absent. Ordinary working accidents such as drop of heavy components or
machinery may still occur. Spillage of contaminated solutions or dispersion of
contaminated dust must be taken into account, but will normally be a local phe-
nomenon involving only a minor fraction of the activity in the installations. Fire
would probably constitute the greatest risk. Suitable precautions will therefore be
taken to limit the possibility of fires by removal of burnable materials, good work-
ing practices etc.

Accidents of external origin are very unlikely and such accidents have never oc-
curred at the nuclear facilities at the Riso site. For the purpose of this submission
under Article 37, 'reference accidents' during decommissioning of the nuclear
facilities at the Riso-site have been postulated as described in section 6.2.

6.2 Reference accident for evaluating possible radiological
consequences

After all the nuclear facilities have been closed 'reference accidents' have been
defined as described in table 6.1. These scenarios are considered to be very
unlikely and the activity releases to the environment to be at the upper end of the
possible release scale.

Table 6 1. Unplanned re/eases of radioactive materials to the environment from 'refer-
ence accidents' during decommissioning of the nuclear facilities at Ris0.

Nuclear facility

Research reactor
DR 1

Research reactor
DR2

Research reactor
DR3

Hot Cells

Decommissioning operation

Release of 137Cs from recombiner due to a fire in the
graphite moderator

Leakage of tritiated heavy water from steel drums to
Roskilde Fjord via the Waste Management Plant

Release of 60Co after drop of the top shield during a crane
operation through open containment

Release of 90Sr, 137Cs and actinides after failure of the
ventilation system during 'shot-blast' cell cleaning
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The reference accidents shown in table 6.1 are further discussed in section 6.3.1.
In addition to these accidents during decommissioning, an additional accident
has been considered for the Waste Management Plant. A small plane crash in
the storage facility for low-active waste drums causes an explosion in which
about 1 % of the activity content in the drums are being released to the atmos-
phere.

6.3 Evaluation of the radiological consequences of refer-
ence accidents

The models and parameters used to calculate the consequences of the releases
of radionuclides are described in appendix B for atmospheric releases and in
appendix C for of aquatic releases.

6.3.1 Entailing releases to the atmosphere
Reference accidents with releases of activity to the atmosphere have been de-
fined for the research reactors DR 1 and DR 3 and for the Hot Cells. The atmos-
pheric stability during the release is assumed to be Pasquill D and the duration of
the release is assumed to be a few hours. Only dry deposition is considered.

Reactor DR 1
A gas handling system recombined the oxygen and hydrogen produced by radia-
tion of the water in the core solution of reactor DR 1. The recombiner contains a
platinized aluminium oxide catalyst, which was maintained at a temperature of
approximately 100 C during operation of the reactor. The hydrogen and oxygen
were catalytically recombined by the platinum. The water vapour formed was
condensed on a cooling coil in the recombiner, and the water drained by gravity
back to the core. Fission gases like 137Xe also entered the recombiner and fission
gas decay products like 137Cs were trapped in the catalyst. The residual activity in
reactor DR 1 is activation products in the core tank, mainly 60Co, and 137Cs in the
recombiner. Small amounts of 239Pu may be found at the inner surfaces of the
core tank and pipes. The 137Cs activity has been estimated to be about 20 - 30
GBq.

During dismantling of the graphite it is assumed that a fire breaks out in the
graphite and due to high temperatures, all the trapped 137Cs in the recombiner
platinum will be released to the reactor building. Furthermore, it is assumed that
about 10 % of the 137Cs activity, i.e. 2 - 3 GBq will be released to the atmosphere
from a damaged reactor building.

Reactor DR 3
The major residual activity in DR 3 will be found in the following construction
parts of the reactor:

• Reactor aluminium tank
• Graphite reflector
• Reactor steel tank
• Top shield
• Annular shield
• Biological shield
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These structures have a total weight of about 100 t and nearly all the residual
activity will be found here, in the year 2000 approximately 200,000 GBq of semi
long-lived and long-lived radionuclides.

A major fraction of the 60Co-activity in the reactor structures is found in the top
shield having a mass of about 20 t. The activity in the top shield has been pro-
duced by neutron activation and it is distributed in only a small fraction of the
structure in its bottom part. The activity of 60Co in the top shield is about 30,000
GBq in the year 2000.

During a crane operation where the top shield is being lifted by an external crane
through an open reactor-building roof, it is assumed that the top shield acciden-
tally is dropped to the top of the reactor block and partly crushed. As the activity
is concentrated in only a small part in the bottom of the top shield it is assumed
that a rather large fraction, about 1 % of the activity content, i.e. about 300 GBq
of 60Co, is released to the atmosphere through the open roof as small particles.

Hot Cells
The cleaning and sealing of the Hot Cells in the early 90'ties and the estimated
activity of radionuclides in the Hot Cells are described in section 3.2.1.The major
part of the activity, i.e. more than 90 % of the total activity is found in the concrete
cells 1 - 3.

During decontamination of the inner surfaces of concrete cell 3 using shot-
blasting techniques it is assumed that the filter in the ventilation system fails and
that a few per cent of the content in cell 3 is released continuously to the atmos-
phere over a working day, i.e. about 20 GBq of 137Cs, about 12 GBq of 90Sr and
about 1 GBq of actinides before the failure is discovered. (Shot blasting is a tech-
nique where a large number of small metal fragments are shot against a surface
at high pressure thereby detaching a few millimetres of the surface).

Waste Management Plant
The Waste Management Plant will be in operation during dismantling of the re-
search reactors and the Hot Cells. In the storage facility for low-active waste the
activity content is approximately 700 GBq of 60Co, 3,200 GBq of 90Sr, 4,600 GBq
of 137Cs and 10 GBq of actinides.

During passage of the Riso-site a small aeroplane experiences problems and
subsequently crashes into the storage facility for low-active waste. In the explo-
sion and fire following the crash 1 % of the activity content in the drums is as-
sumed to escape to the atmosphere, i.e. 10 GBq of 60Co, 30 GBq of 90Sr, 50 GBq
of 137Cs and 0.1 GBq of actinides. This accident can also be considered as rep-
resentative for the storage facility 'Centralvejslageret' for waste requiring special
shielding where the waste units are much better physically protected so that the
probability for significant releases from the relatively large activity inventory is
very low. The planned new storage facility for decommissioning waste will contain
the activity from the demolished nuclear installations. Also in this case there will
be a certain risk for spread of activity in connection with a air plane accident.
However, the waste will be contained in strong concrete containers and large
releases, even under fire conditions is not likely. Possible releases should be
amply covered by the above-assumed releases during demolition of the facilities.

Summary of accidents
The releases during the accidents described above are summarised in table 6.2.
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Table 6.2. Releases of radionuclides from the nuclear facilities at Ris0 during the refer-
ence accidents.

Reference accident

Reactor DR 1

Reactor DR 3

Hot Cells

Waste Management Plant
Storage facilities

137Cs

60Co
90Sr

137Cs

Actinides
60Co
90Sr

137Cs

Actinides

Accidental release
(GBq)

3

300

12

20

1

10

30

50

0.1

Calculated concentrations and individual doses
The time-integrated concentrations and surface contamination densities from the
radionuclide releases during the defined reference accidents are shown in table
6.3 at a distance of 1 km from the release point. The meteorological conditions
during the releases are assumed to be Pasquill category D with a wind velocity of
5 m/s. The dry deposition velocity is assumed to be 0.001 m/s.

Table 6.3. Time-integrated air concentrations and surface contamination levels in Den-
mark at 1 km distance from Ris0 from aerial releases during reference accidents at the
reactors DR 1 and DR 3 and the Hot Cells.

Reference accident

Reactor DR 1

Reactor DR 3

Hot Cells

Waste Manage-
ment Plant

137Cs

60Co

90Sr

137Cs

Actinides

60Co

90Sr

137Cs

Actinides

Time-integrated
concentration

(Bq-s-m 3)

7-104

8-1 06

4-105

6-105

3-104

3-105

8-105

MO6

3-103

Surface concentration
(Bq-m 2)

7-101

8-103

4-102

6-102

3-101

3-102

8-102

1-103

3-10°
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The time-integrated concentrations and surface contamination densities in Swe-
den from the radionuclide releases during the defined reference accidents are
shown in table 6.4 at a distance of 63 km from the release point under the same
meteorological conditions.

Table 64. Time-integrated air concentrations and surface contamination levels in Swe-
den at 63 km distance from Rise from aerial re/eases during reference accidents at the
reactors DR 1 and DR 3 and the Hot Cells.

Reference accident

Reactor DR 1

Reactor DR 3

Hot Cells

Waste Management Plant
(Storage facilities)

137Cs

60Co

90Sr

137Cs

Actinides

60Co

90Sr

137Cs

Actinides

Time-integrated cone.
(Bq-s-m 3)

MO2

MO4

7-102

1-103

5-101

5-102

1-103

2-103

5-10°

Surface cone.
(Bq-m 2)

1-10 1

1-101

7-10 1

1-10°

5-10 2

5-10 1

1-10°

2-10°

5-10 3

Individual doses to critical groups in Denmark and Sweden from the reference
accident releases to the atmosphere are shown in table 6.5. The doses are the
sum of inhalation doses and ingestion doses from major foodstuff consumption,
assuming that 10 % of the annual foodstuff consumption is contaminated to the
calculated levels. Furthermore, it has been assumed in the calculations that the
transfer factors and food habits in Denmark and in Sweden are similar. The in-
gestion doses are those accumulated by the critical groups from all future con-
sumption of foodstuffs produced in areas with an initial surface contamination
equal to the surface contamination immediately after the accident.

Table 6.5 Individual doses to members of critical groups close to Rise and in Sweden
from atmospheric releases from reference accidents.

Reference accident

Reactor DR 1

Reactor DR 3

Hot Cells

Waste Management Plant

Doses in Denmark
(MSv)

Children

4.1-10 1

2.8-101

1.3-102

4. MO1

Adults

5.7-10 1

9.9-10°

1.5-102

3.4-101

Doses in Sweden
(nSv)

Children

6.6-10 4

4.5-10 2

2.1-10 1

6.6-10 2

Adults

9.1-10 4

1.6-10 2

24-10 1

5.4-10 2
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The assumption that 10 % of the annual foodstuffs consumed are contaminated
is extremely conservative being equivalent to a situation where the critical groups
grow 10 % of their annual consumption locally in the contaminated areas.

6.3.2 Entailing releases into an aquatic environment
In the experimental cellar at the research reactor DR 2 approximately 10,000
litres of heavy water from DR 3 are stored in stainless steel drums. A reference
accident has therefore been defined for an aquatic release of tritiated heavy wa-
ter to Roskilde Fjord.

Reactor DR 2
The heavy water from the primary cooling system at reactor DR 3 has been ex-
posed to neutrons during the operation of the reactor. The concentration of tritium
in the heavy water is about 300 GBq per litre. The heavy water has been drained
into stainless steel drums each with a volume of about 200 litres. In total, about
10,000 litres of heavy water with a content of about 3,000 TBq of tritium is placed
in the experimental cellar at the DR 2 reactor. During handling of the drums it is
assumed that the content of one drum (60,000 GBq) leaks and the water is trans-
ferred into the tank collection system for contaminated water and ends in the
steam recompression plant at the Waste Management Plant. This system does
not remove tritiated water, which will be released into Roskilde Fjord.

Calculated individual doses
A release of radioactive materials to Roskilde Fjord will result in a contamination
of the different regions with the largest concentrations in Roskilde Fjord and the
Isefjord, see compartment model in appendix C. Concentrations in the different
compartments have been calculated for a short-term release of 60,000 GBq of
tritium to Roskilde Fjord. Based on these concentrations individual doses have
been calculated and shown in table 6.6. The individual doses are those accumu-
lated by critical groups in Denmark from all future consumption of 2.2 litres of
water per day from Roskilde Fjord (adults) and from 25 kg fish per year (adults)
caught in Roskilde Fjord and Kattegat, respectively. It has conservatively been
assumed that the consumption of fish and water by children is 14 kg per year and
0.6 litres per day, respectively.

Table 6.6. Individual doses to members of critical groups close to Ris0 and in Sweden
from accidental aquatic releases from reference accidents.

Reference
accident

Reactor
DR2

Doses in Denmark
(MSv)

Water

Children

1-10°

Adults

2-10°

Fish

Children

8-10 2

Adults

5-10 2

Doses in Sweden
(nSv)

Fish

Children

4-10 6

Adults

3-10 6
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7 Emergency plans and agreements with
other member states

Onsite emergency preparedness plan
The Department Ris0 Decommissioning (RD) currently has the responsibility to
maintain an internal emergency preparedness system at the Riso site to ensure
that knowledgeable people are always available to handle accidents involving
radiation and radioactive materials. A health physicist with extensive knowledge
of the nuclear facilities is available at short notice during working hours and with
maximum 45 minutes delay outside this period. Health physicist assistants well
versed in activity measurements and estimation of radiation risks participates in
the 24-hour duty maintained at the DR 3.

Additional technical assistance will also be available on short notice. In case of
larger accidents an internal control centre will be manned by technicians, man-
agement staff and communication specialists.

Equipment and technical facilities for radiation measurements and contamination
control are available. Evacuation plans are maintained where needed. The road
system is well developed and with high capacity. Alarms are given by sirens and
an internal system of loudspeakers. Separate telephone lines ensure communi-
cation to the police and fire brigade at Roskilde. In addition there are mobile tele-
phones and a local radio system covering up to 35 km.

Off site emergency preparedness plan
The Danish Emergency Preparedness System for Nuclear Accidents under the
responsibility of the Ministry for Interior and Health will be activated in any event
at the Riso site requiring offsite responses including information to the public.

The operative organisation is based primarily on the Nuclear Office and the Na-
tional Rescue Corps under the Danish Emergency Management Agency. The
police, the armed forces, and a number of governmental authorities and institutes
participate in the performance of the emergency tasks. Among these the National
Board of Health with the National Institute on Radiation Hygiene, the Technical
University of Denmark, the Danish Meteorological Institute, and the National
Food Agency should be mentioned. They all contribute within their fields of re-
sponsibility with professional information, assessments and advice, and partici-
pate in the dissemination of information.

A service with a nuclear emergency officer from the Danish Emergency Man-
agement Agency on duty 24 hours a day is maintained. He is authorised to de-
cide on the activation of the emergency response system. Even if it is considered
unlikely that an event could cause radioactive contamination in Denmark, it may
be decided to activate those functions that are needed in order to procure and
assess information and to inform other authorities and the general public.

The central emergency command chaired by the Danish Emergency Manage-
ment Agency co-ordinate the operative and administrative activities of the entire
emergency response system. The command is authorised to take any decision
and to co-ordinate notification and implementation of protective measures and

53



Ris0 National Laboratory - Submission under Article 37 of the European Treaty

monitoring, so as to ensure that such steps are carried out in due time and in an
appropriate way.

The Danish Emergency Management Agency has adopted the principle of inter-
vention levels for protective measures based on avertable dose and operational
intervention levels. Decisions on implementation of protective measures are
based both on radiation monitoring and on calculated prognoses.

Information to the public is considered a very urgent matter and reporters from
the Danish Broadcasting Corporation and Ritzau's News Agency are attached to
the central emergency command for assistance in broadcasting of emergency
announcements and other information via the mass media.

Early Warning and Radiation Monitoring
Early warning of a nuclear accident is based on international agreements on ex-
change of information (IAEA, Euratom) and on bilateral agreements, which Den-
mark has concluded with a number of neighbouring states (Sweden, Germany,
Finland, UK, Poland, Russia, and Lithuania).

As a supplement to the early warning agreements an online system for automatic
monitoring of radioactivity is in service 24 hours a day. The system provides
monitoring data, including gamma spectra and information about selected iso-
topes from 11 monitoring stations (one situated at Ris0). The data are collected
automatically at the Danish Emergency Management Agency and at the Riso
National Laboratory and a computer will signal if any increase in gamma radiation
could be attributed to causes other than natural increase of radon content in air.
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8 Environmental monitoring

The control system for radioactivity in the environment at Ris0 was established in
1956 before start up of the nuclear facilities. It is part of the general environ-
mental radioactivity surveillance in Denmark supplying necessary background
information about radioactive contamination from fall-out and from nuclear instal-
lations in surrounding countries.

Environmental monitoring is part of the Operational Limits and Conditions issued
by the Nuclear Regulatory Authorities for Riso National Laboratory. The present
monitoring requirements are shown in table 8.1. It is envisaged that these re-
quirements will be adjusted in the revised Operational Limits and Conditions for
the decommissioning of the nuclear installations and for the continued operation
of the Waste Management Plant in order to accommodate the needs for surveil-
lance during the decommissioning process.

Extensive studies of contents of radioisotopes in Danish foodstuffs are carried out
but are not only aimed specifically at the Riso site.

Table 8.1 Environmental monitoring at Rise National Laboratory

Number

1

1

1

1

1

1

1

1

1

1

25

Sample type

Air

Precipitation

Precipitation

Sediment

Seawater

Seawater

Grass

Sea plants

Milk

Wastewater

External radiation

Place

Riso site

Riso site

Riso site

Roskilde Fjord

Roskilde Fjord

Roskilde Fjord

Riso site

Roskilde Fjord

Near Riso

Waste Plant

Out to 16 km

Frequency

Weekly

Monthly

Monthly

Yearly

Quarterly

Yearly

Weekly

Yearly

Monthly

Weekly

Semi-annually

Measurement

y-spectroscopy

Y-spectroscopy, tritium

Tritium

Y-spectroscopy

Tritium

137Cs

Y-spectroscopy

Y-spectroscopy

Y-spectroscopy

Total (3-activity

TL-dosimeters
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Appendix A. Meteorology

Table A. 1 Mean wind velocity at Ris0 (m/s) as function of season and height over terrain.
Measuring period 1996-2002

Height

44 m

76m

125m

Mean wind velocity (m/s)

Jan.

6.41

7.18

7.93

Feb.

7.82

8.68

9.07

Mar

6.69

7.54

7.85

Apr.

5.73

6.50

6.98

May

5.51

6.25

6.86

June

5.74

641

7.06

July

5.43

5.99

6.59

Aug

5.49

626

7.00

Sept.

575

6.65

7.58

Oct.

6.64

7.58

8.59

Nov.

6.21

7.13

7.23

Dec.

6.25

702

7.07

Year

6.13

6.92

7.48

Table A. 2 Frequency (%) of wind direction at different heights along the Ris0 meteorology
mast. 30° sectors. N=0°. 0=90°. Measuring period 1996-2002

Height

44 m

125m

Frequency in 30° sector (%)

0(N)

2.6

4.2

1

3.2

3.6

2

5.1

3.8

3(0)

8.1

7.2

4

10.4

9.5

5

8.5

8.9

6(S)

6.4

6.6

7

9.5

10.3

8

12.1

125

9(V)

13.1

14.5

10

10.6

9.5

11

10.3

9.4

Table A.3 Frequency (%) of the various stability categories in each month and over a
year. Ris0 data 1996-2002.

Pasquill
category

A

B

C

D

E

F

Frequency (%)

Jan.

0.1

0.1

0.2

46.4

45.4

7.8

Feb

0.9

0.5

0.8

469

46.9

4.0

Mar

3.0

2.0

2.6

50.3

360

6.1

Apr

6.1

3.2

4.2

48.0

28.6

9.9

May

14.3

3.8

4.8

46.4

23.5

7.2

June

17.3

4.5

5.6

46.9

20.4

5.3

July

15.6

4 5

5.6

45.2

22.1

7.1

Aug

12.4

4.3

4.7

39.3

296

9.7

Sept.

7.7

2.6

3.4

41.3

36.3

8.8

Oct.

2.6

0.9

1.4

49.5

40.2

5.5

Nov.

0.6

0.4

0.4

472

46.9

4.5

Dec.

0.2

0.1

0.2

46.0

47.8

5.7

Year

6.8

2.3

2.8

46.1

35.2

6.8
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Table A. 4 Stability categories as related to temperature gradients. Ris0 data 1995-2001.

Stability category

Pasquill A

Pasquill B

Pasquill C

Pasquill D

Pasquill E

Pasquill F

Temperature gradient
(°C/100m)

<-1.9

-1.9to-1.7

-1.7to-1.5

-1.5 to -0.5

-0.5 to 1.5

1.5 to 4

Frequency, f,
(%)

6.3

2.1

2.7

45.6

36.2

7.1

Table A. 5 Monthly and annual rainfall (mm) at the site of the meteorology mast at Rise.
Mean values over 42 years, 18 years and for the last 7 years.

Time period

1958- 1999

1982- 1999

1996-2002

Rainfall (mm)

Jan.

30.1

34.8

35.4

Feb.

20.5

22.2

45.2

Mar.

22.8

27.7

35.4

Apr.

26.8

26.1

41.1

May

35.7

35.2

53.6

June

43.8

54.5

67.8

July

55.0

49.1

64.3

Aug.

55.1

52.1

74.8

Sept.

50.4

60.2

59.1

Oct.

43.4

47.4

76.7

Nov.

39.0

35.8

54.4

Dec.

36.2

39.1

47.5

Yearly
mean

459

485

655
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Appendix B. Atmospheric models and
parameters

B.1 Dose models
The average concentration from material being released to the atmosphere can
be calculated from the gaussian plume model. This model describes the concen-
tration in the atmosphere, C, as a function of the coordinates (x, y, z) in a xyz-
coordinate system with origo at the point of release. The x-axis points in the wind
direction, the y-axis in the cross wind direction and the z-axis in the vertical direc-
tion. The concentration, C, at ground level can be expressed as:

C(x.y. = ) =
O

n -u-a^ ( x ) - a - . ( x )
• cxp •exp

where:

- Q is the release rate
- u is the wind speed
- ay(x) and CTZ(X) are the dispersion parameters, both depending on the down-

wind distance and the atmospheric stability

The dispersion parameters are often given for different atmospheric stability
categories, the so-called Pasquill-Gifford stability classes. Figure B.1 shows the
calculated concentration as a function of downwind distance for the Pasquill sta-
bility category D, which appears approximately 46 % of all time at the Riso site
[16].

ID'2 g

io-3

10-4

io-5

10-6

10-'
10-' 10° 10'

Distance from release point, x [km]

102

Figure B. 1 Concentration in the air, C, at ground level from a short-term ground level
release as a function of downwind distance during Pasquill category D. The concentration
is normalised to the wind velocity, u, and the release rate, Q.
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The different Pasquill categories appear at the Ris0-site with the frequencies
shown in table B.1. They have been determined from many years of measure-
ments with equipment at the on-site meteorological mast. The relative concentra-
tions at 1 km distance for the different Pasquill categories have been calculated
for the typical wind velocity in each category as shown in table B.1.

Table B. 1. Frequency and calculated average concentration for Pasquill categories A - F.
The frequencies have been calculated from 10 minutes average observations in the pe-
riod 20 November 1995 - 31 December 20011[16J.

Stability category

Pasquill A

Pasquill B

Pasquill C

Pasquill D

Pasquill E

Pasquill F

Frequency, f|
(%)

6.3

2.1

2.7

45.6

36.2

7.1

Relative concentration, Q
(s/m3)

1.5-106

1.0-105

1.7-105

2. 8-10 5

1.0-10 4

3.0-10 4

Assuming that all wind directions are appearing with equal probability, the aver-
age concentration in a 60° sector, Cav, from a continuous release can be calcu-
lated from the above values to be:

5 s/m3

This average concentration can approximately be expressed by the concentration
from a short-term release in Pasquill category D, Cp3SqUliiD, as:

;0 .37-C

The concentration at distances 1 km (critical group) and 63 km (nearest inhabi-
tants in Sweden) from the release point for a short-term release under the most
frequent meteorological conditions (Pasquill category D and a wind speed of 5
m/s) as well as for a continuous release over a year has been calculated2 as

S. Thykier-Nielsen and S. Larsen, Stability Statistics for Ris0 1995-2001. Department of
Wind Energy, Ris0 National Laboratory, 2003.

2 In the IAEA Safety Report Series No. 19 Generic Models for Use in Assessing the Im-
pact of Discharges of Radioactive Substances to the Environment, International Atomic
Energy Agency, Vienna (2001) these concentrations at a distance of 1 km and a wind
speed of 5 m/s are given as 8-10 6 Bq^m 3/Bq-s 1 (short-term) (table I) and 2-10 6

Bq-m 3/Bq-s 1 (average over all wind directions). These values are 3.5 - 5 times less than
those applied in this report as they represent a 30° sector averaged value, whereas a 60°
sector maximum value conservatively is used here.
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shown in table B.2. The dose conversion factors for calculating inhalation and
ingestion doses for adults and children (1 - 2 years) are shown in table B.3.

Table B 2 Relative activity concentration in Denmark and Sweden from short-term and
continuous releases of activity from the nuclear installations at Rise.

Downwind distance
(km)

1

63

Relative concentration
(Bq-s-m 3/Bq)

Short-term

28-10 6

45-10 9

Continuous

10-10 6

16-10 9

Table 8.3. Inhalation and ingestion dose conversion factors for radionuclides expected to
be released during decommissioning (ICRP Publication 72).

Radionuclide

3H

14C

60Co

63Ni

90Sr

133Ba

137Cs

152Eu

154Eu

Actinides

e,nh(50) (Sv/Bq)

Children

2.0-10 11

6.7-101 0

3.4-10 8

1.9-109

1.1-10 7

1.0-10 8

5.4-10 9

1.0-10 7

1.5-10 7

7.7-10 5

Adults

6.2-10 12

2.0-10 10

1.0-10 8

4.8-10 10

3.6-10 8

3.1-10 9

4.6-10 9

4.2-10 8

5.3-10 8

5.0-10 5

eing(50) (Sv/Bq)

Children

4.8-10 11

1.6-109

2. 7-10 8

8.4-10 10

7.3-10 8

6.2-10 9

1.2-108

7.4-10 9

1.2-10 8

4.2-10 7

Adults

1.8-10 11

5.8-10 10

3.4-10 9

1.5-10 10

2.8-10 8

1.5-109

1.3-10 8

1.4-10 9

2.0-10 9

2.5-10 7

B.2 Inhalation doses
A person being submerged in a concentration, C, will per unit time inhale an ac-
tivity, Q, given as the product of concentration and inhalation rate, / :

The committed effective dose per unit time, £(50) , from inhalation of the activity,
q, per unit time of the given radionuclide is calculated as the product of g and the
committed effective dose per unit intake, e/nh(50) as:
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As both the dose conversion factors and breathing rates are different for children
compared to adults the doses to young people might be different. For selected
radionuclides the product of the age-specific breathing rate, / (ICRP Publication
71), and the age-specific inhalation dose conversion factor, einn(50) (ICRP Publi-
cation 72), is shown in figure B.2 as a function of age, normalised to the value for
adults (> 17 years). The product eing(50)-/ is proportional to the committed effec-
tive inhalation dose from a given time-integrated concentration in Bq-s-m 3.

1.2

8 10

•O
§ 0.8

1
"1 0.6

1
0.4

0.2

0

Tritium

<1 1-2 2-7 7-12 12-17 > 17

Age group [years]

Figure B.2. Age dependence of inhalation doses for selected radionuclides. The calcu-
lated inhalation doses are normalised to adult doses (> 17 years).

It appears from figure B.2. that the inhalation doses are largest for adults for trit-
ium, 137Cs and 238U. For 60Co the inhalation doses are slightly larger (* 10 %) for
the age groups 7 - 1 2 years and 1 2 - 1 7 years. Therefore, it would normally be
conservative to use adults as the critical group for inhalation dose calculations.

B.3 Ingestion doses
The transfer of deposited activity on ground surfaces to a specified foodstuff, e.g.
milk, can be calculated from the transfer factor, TF, which for a given element
gives the ratio of equilibrium foodstuff concentration, C,, and the amount of activ-
ity added to the surface per unit time and area, q. The ingestion doses can be
calculated from the food consumption rate, M, and the nuclide-specific dose con-
version factor, e/ng(50). It is here assumed that the critical group consumes a frac-
tion, f, of their local grown foodstuffs. In these assessments the value of f\s con-
servatively taken to be 10 %. The annual committed effective dose is given as:

£(50) = / • Cr • M • emK (50) = / • TF • q • M • emf (50)

The transfer factors for four major Danish foodstuffs are given in table B.4 and
the annual average food consumption rates for these foodstuffs are given in table
B.5.

The age variation of the ingestion dose factors is similar to the age variation for
the inhalation dose factors, i.e. they are in general larger for the younger age
groups compared to adults. For some major foodstuffs, e.g. milk, the ingestion
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rates are larger for younger age groups as shown in table B.5. Therefore, the
ingestion doses to children would normally be larger than ingestion doses to
adults.

Table B. 4. Transfer factors for major foodstuffs in the Danish food basket3.

Radionuclide

3H

14C

60Co

90Sr

137Cs

152+154Eu

Actinides

Transfer factors
(Bq-year-kg 1/Bq-m 2)

Milk

-

-

2.3-10 3

3.9-10 3

5.7-10 3

2.1-10 5

2.6-10 6

Meat

-

-

9.3-10"

1.4-10 3

2.7-10 2

1.3-10 3

1 .4 -10 4

Grain

-

-

2.2-10 3

3.0-10 2

3. 5-10 2

2.8-10 4

1.8 -10 4

Vegetables

-

-

1.6-10 4

3.0-10 3

4.0-10 3

1 .1 -10 4

1.6-10 5

Table B.5. Annual average food consumption in Denmark as a function of age for some
major foodstuffs4.

Age group

1 - 6 years

7-14 years

1 5 - 80 years

Milk
(kg/year)

186

202

128

Grain products
(kg/year)

61

78

77

Vegetables
(kg/year)

45

73

84

Meat
(kg/year)

18

36

42

For some of the radionuclides above, the product of the food consumption rate,
M, and the ingestion dose conversion factor, e,ng(50), has been calculated for the
annual milk and bread consumption rates and shown in figure B.3, normalised to
the values for adults.

For 3H the dose assessments are based on the assumption that all intake of wa-
ter via inhalation, uptake through skin, water intake and food intake has the same
3H-concentration and that the total annual water intake for adults is 930 kg/a. The
water intake by inhalation and absorption through skin contributes with about 10
% (99 kg) and the remaining through food and drinking water.

With the assumption that 1 m3 of air contains 8.1 g of water, a steady state con-
centration of 1 Bq/m3 in air will cause a total annual 3H-uptake of 0.12 MBq5. As

3 Based on the model Farmland in the NRPB developed software PC CREAM 98 and
many years of studies of 90Sr and 137Cs in Denmark.

4 Food habits in Denmark 1995 (In Danish) Publication No. 235, Ministry of Health, 1996.
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the liquid and solid food intake for children is about 46 % of that for adults, the
corresponding 3H-uptake will be 0.056 MBq.

Figure B. 3. Age dependence of ingestion doses for selected radionuclides and foodstuffs.
For tritium the doses are calculated for intake of water from all exposure pathways. The

10'

.1

10°

10'

I

10°

2-7 7-12 12-17

Age group [years]

1 - 2 2 - 7 7 - 1 2 12 -17

Age group [years]

8 '•«

.B 1.2

If '•»

T! °-8

* 0.6

•§ 0.4

sI"
1-2 2-7 7-12 12-17 > 17

Age group [years]

calculated doses are normalised to adult doses (> 17 years)

It appears from figure B.3 that ingestion doses normally would be larger for the
younger age groups, most predominantly for milk. Therefore, in contrast to the
inhalation pathway, it would be conservative to use children as the critical group
for ingestion dose calculations.

For 14C the dose assessments are based on an air concentration of 300 ppm of
CO2 and equilibrium of 14C in foodstuffs and air. For a steady state air concentra-
tion of 1 Bq/m3 of 14C in air the annual intake of 14C with food will be 0.91 MBq for
adults and 0.83 MBq for children based upon the annual food consumption (incl.
milk) for adults and children.

5 Methodology for assessing the radiological consequences of routine releases of ra-
dionuclides to the environment. European Commission, Radiation Protection 72, EUR
15760 EN (1995).
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B.4 Total doses and discharge limits
The doses from inhalation and ingestion of major foodstuffs have been calculated
for both children and adults as shown in table B.6. The discharge limits will be
derived from a dose constraint of 50 jaSv/a for each nuclear facility. In table B.6
two sets of discharge limits are derived from the exposure of children and adults.
The discharge limits are determined as (illustrated here for 60Co):

z^children

Qadulls =

50 //Sv/a

1.6 • 10"2 +1.8 • 10"2 //Sv/a per GBq/a

50//Sv/a

= 1.5-103GBq/a

1.8 • 10'3 +1.0 -10"2 //Sv/a per GBq/a
= 4.3-10'GBq/a

For 60Co the exposure of children will determine the discharge limit due to higher
doses per unit release compared to adults.

Table B.6. Total doses at the distance of 1 km per unit release rate of radionuclides ex-
pected to be released from the nuclear facilities during decommissioning and the corre-
sponding annual discharge limits corresponding to a dose constraint of 50 //Sv/a to the
critical group.

Radio-
nuclide

3H

14C

60Co

90Sr

137Cs

152+154Eu

Actinides

Children

Individual dose
(nSv-a 1/GBq-a~1)

Food Inhalation

5.3-1 0 5

4.2 10--2

1.6-102

2.0-1 cr1

4.6-1 0 2

5.9- 10~4

6.2-1 (T3

1.8-102

5.8- 1CT2

2.9-1 (T3

6.9-1 (T2

4.1-101

Discharge
limit

(GBq-a"1)

1.0-106

1.2-103

1.5-103

2.0-102

1.0-103

7.2-1 02

1.2-10°

Adults

Individual dose
(nSv-a-1/GBq-a'1)

Food Inhalation

3.5-1Q-5

1.7-1CT2

1.8-103

8.7-1CT2

6.4-1 cr2

1.8-1Q-4

5.4- 1CT3

1.0-10"2

3.6-10^

4.6- 1CT3

4.7- 10"2

5.0-101

Discharge
limit

(GBq-a 1)

1.4-106

3.0-103

4.3-103

4.1-102

7.3-102

1.1-103

1.0-10°

The final selection of the nuclide-specific discharge limits will therefore be the
lower of the two sets of derived figures based on the exposure of children and
adults. These selected discharge limits are marked in table B.6 and they are
transferred to tables 3.1 and 3.2.
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Appendix C. Aquatic models and parameters

The aquatic dispersion of radioactive materials being released to Roskilde Fjord
is calculated from a compartment model, which is shown in figure C.11.

I Region Area (m2) Depth (in)
Roskilde Fjord l.OE+08 4
hefjord 2.5E+08 9
Kattgat, deep 2.0E+09 100
Kattegat, surface 1.6E+10 20
Skagerrak 3.2E+10 210
Belt Sea, deep 4.7E+09 30
Belt Sea, surface 1 . 1 E+ 1 0 14

j
ROSKI

i

0.2km

SKAGERRAK ISEFJO_. r^
i

KATTEG;

i
BELT SE^

i

\^ 2km'
L k

U', DEEP * * K.A1TE

L k
i., DEEP I * BELTS

P

Volume (m1} 1
4.0E+08
2.3E+09
2.0E+11
3.2E+11
6.8E+12

.4E+11
1.5E+11

LDE FJORD b

/y i r 0.3 kmVy

RD k

/y 2 kmVy

GAT, SURFACE 1

EA, SURFACE |

Figure C. 1. Compartment model of Roskilde Fjord and the surrounding Danish seas.

A release of radioactive materials to Roskilde Fjord will result in a contamination
of the different regions with the largest concentrations in Roskilde Fjord and Ise-
fjorden. Concentrations in the different compartments can be calculated for a
short-term release or from a continuous release.

A short-term release of 1 TBq of tritium to the Fjord will result in the following
maximum average concentrations, Cmax, in the Fjord and in the Kattegat surface
waters:

• Roskilde Fjord: Cmax = 2,000 Bq/m3 (mean residence time * 1.3 year)

• Kattegat surface waters: Cmax = 0.1 Bq/m3 (mean residence time « 1.3 year)

1 S. Nielsen, Local Box Modelling, an example from Roskilde Fjord, Riso National Labora-
tory, 2000.
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The calculated concentration of tritium in Roskilde Fjord from a single release has
been validated with measured concentrations from an unintentional release of
tritium to the Fjord of about 30 TBq as shown in figure C.2. It appears from figure
C.2 that the observed and the calculated concentrations are in good agreement
and that the observed mean residence time is slightly less than the calculated
value.
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Figure C 2. Calculated concentrations of tritium in Danish seas following a short-term
release of 1 TBq of tritium to Roskilde Fjord.

The concentrations of tritium from a continuous release have been calculated
from the response to a short-term release shown in figure C.2. The results are
shown in figure C.3 for Roskilde Fjord and Kattegat surface waters.

Time [years]

Figure C 3. Calculated concentrations of tritium in Roskilde Fjord and Kattegat surface
waters following a continuous release of 1 TBq per year of tritium to Roskilde Fjord.
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A continuous release of 1 TBq/year of tritium to the Fjord will result in the follow-
ing equilibrium concentrations, CeQU,/, in the Fjord and in the Kattegat surface wa-
ters:

• Roskilde Fjord: Cequ,i = 3,000 Bq/m3

• Kattegat surface waters: Cequii = 0.4 Bq/m3

Individual radiation doses from fish consumption rates, Vfish, can be calculated
from the water concentrations and transfer factors of radionuclides from water to
fish, TFwater-fjsh.

The average consumption of fish and water (and other liquid intakes) varies with
age as shown in table C.1 .

Table C. 1. Annual average food consumption in Denmark as a function of age for fish
and liquids (excl. milk and fruit juice)2 .

Age group

1 - 6 years

7-14 years

15 -80 years

Fish
(kg/year)

4.8

6.2

8.8

Liquids
(kg/year)

204

305

779

The nuclide-specific ingestion dose factors, e,ng(50), also varies with age. There-
fore, the product of the food consumption rate, M, and the ingestion dose factors
is a measure for the age dependence of the annual ingestion doses. This product
is shown in figure C.4 for tritium and 137Cs in fish and liquids, normalised to the
annual dose for adults.
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Figure C.4. Age dependence of ingestion doses for tritium and 137Cs in fish and liquids.
The calculated doses are normalised to adult doses (> 17 years).

Food habits in Denmark 1995 (in Danish). Publication No. 235, Ministry of Health
(1996).
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It appears from figure C.4 that except for tritium in fish the ingestion doses from
consumption of liquids and fish contaminated with tritium and 137Cs would be
highest for adults.

The transfer factor from water to fish for tritium is 1 Bq/kg per Bq/l and for cesium
100 Bq/kg per Bq/l. The dose conversion factors for a conservative fish consump-
tion rate of 25 kg/year for adults and a water intake also for adults of 2.2 litres per
day directly from the Fjord have been calculated as shown in table C. 2. The cor-
responding doses to children have been calculated from the relative doses
shown in figure C.4. It should be emphasized that the calculated doses from fish
are rather conservative due to the high consumption rate assumed for fish (nearly
a factor of three higher compared to the average consumption rate of fish in
Denmark).

Table C 2. Ingestion doses from consumption of liquids (2.2 litres per day for adults) and
fish (25 kg per year for adults) from Roski/de Fjord per unit release rate of tritium and
137Cs from the nuclear facilities during decommissioning.

Radionuclide

3H

137Cs

Children

Individual dose
(|.iSv-a 1/GBq-a 1)

Liquids

3.0-10 5

7.0-10 3

Fish

2. 0-10 6

5.0-10 2

Adults

Individual dose
(nSv-a 1/GBq-a 1)

Liquids

4.0-10 5

3.0-10 2

Fish

1.4-10 6

1.0-10 1

It appears from table C.2 that it is the adult consumption of fish + liquids that will
determine the release limits for both tritium and 137Cs as the total dose per unit
release rate is highest for adults. The release limits can be determined as:

50//Sv/a

4.0-10 ' + 1 . 4 - 1 0 " //Sv/a per GBq/a

50//Sv/a

— — = = 1 0 " GBq/a

3-10 - + 1 . 0 - 1 0 ' //Sv/a per GBq/a
= 400 GBq/a

M-r.n^/'i —

These calculated discharge limits are transferred to table 4.1.
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