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Summary

The task of the Marina II - Working Group C was to make a survey of the quantities and
utilisation of associated marine products, in order to provide a database for the calculations of
the MARINA II - Working Group D of the exposure of the EU Member States via marine
pathways from sources of radioactivity. Utilisation of marine produce from the Northeast
Atlantic is considered to be proportional to catches and landings of each country from all
areas, including imports. Areas considered are: all areas world-wide, freshwater areas and the
Northeast Atlantic coinciding with the OSPAR area. Exports of marine produce are assumed
to originate in the same ratio from catches and imports.

From the total annual catches and landings of EU Member States, and some other countries in
the Northeast Atlantic area, the fractions of these catches and landings from the various
MARINA II compartments of the Northeast Atlantic, and the flow of marine produce through
imports and exports, the gross amounts of fish, crustaceans and molluscs which are available
for human consumption in EU Member States from these compartments are calculated. All
figures on catches and landings, imports and exports have been corrected for non-food uses.

Farmed marine fish may contribute significantly to the production of marine fish in some
countries. However, as most animal feed products used in farming marine fish originate from
the Pacific Ocean, e.g. Peru, farmed marine fish is not included into the production figures of
marine fish from the Northeast Atlantic.

Gross amounts of marine produce are converted into net amounts by taking half of the gross
weight for fish, one third for crustaceans, and one sixth for molluscs. These net amounts
from the MARINA II compartments, available for human consumption, can directly be used
as a basis for the calculation of the radiological exposure of the European Union from
radioactivity in North European marine waters. Effects of critical group consumption on
doses may be derived from average consumption rates of marine produce by multiplying with
a factor 5.

In order to validate the figures produced by the analyses of data on seafood, a comparison has
been made with overall figures on the amounts of fishery products available for human
consumption given by FAO.
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Introduction

Subtasks of the MARINA II Working Group C "Analysis of data on seafood catches
and trade" are specified as:

1. Analysis and modification of ICES data on marine produce.
2. Collation of statistical data from EUROSTAT on trade.
3. Qualitative comments on uncertainties and proposals for future work.

In order to perform its subtasks Working Group C has made an inventory of where
fisheries products, especially marine produce, originate from, where they go and what
fraction is available for human consumption in the individual EU Member States.
This implies that complete lists have been produced on national landings of fish,
crustaceans and molluscs from the North European marine waters, together with
imports and exports data of fisheries products from that area to EU Member States.
For the different categories of marine produce corrections have been made for
non-food uses in order to obtain the amounts directly available for human
consumption. Finally, estimates have been made on average and critical group
consumption rates of marine produce in the relevant countries.

As the geographic area for the assessment of the radiological impact on the population
of EU Member States is restricted to the OSPAR are (Figure 1), the activities of
Working Group C were concentrated on that area. However, as the MARINA 1I
Project is directed to the radiological impact on all EU Member States, including
those not bordering the Northeast Atlantic, the exports of marine produce from the
Northeast Atlantic to these EU Member States have also to be taken into
consideration.

The MARINA II Working Group C has not taken into consideration quantities and
utilisation of fresh water fisheries products from Northwest Europe. Any contribution
of radioactive releases into these freshwaters is taken into account of by their effects
on marine produce from the Northeast Atlantic.

The MARINA II Working Group C has also not taken into consideration quantities
and utilisation of farmed marine fish. Most animal feed products used in farming
marine fish originate from the Pacific Ocean. Therefore, farmed marine fish is not
considered to be a significant source of radiological imput from radioactivity in the
Northeast Atlantic.

Methodology

The national landings of marine produce from the different compartments of the
MARINA II Model were obtained from the ICES statistical areas used in the ICES
CD-ROM "ICES Fisheries Statistics 1973-1999, Nominal Catch Statistics,
STATLANT Programme, ICES, Copenhagen, Denmark, 2001." (1)

These ICES areas coincide, to a large extent, with the compartments of the Northeast
Atlantic that are relevant to the MARINA radiological impact calculation (Figure 2).
The data over the years 1994/1996/1998 on national landings were supplemented by
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data from the FAO on a CD-ROM "Fishery statistics", 1950-1999 data", EUROSTAT,
European Commission, 2001 (2).

On the basis of the FAO data all catches of fish were corrected for non-food uses. It is
assumed that these non-food uses, typically the fish meal industry pathway through
animal feed products and animal husbandry, contributes only a small percentage of the
total radiological input to the population of EU Member States from the Northeast
Atlantic. One reason being that more than 90% of this marine produce will be lost in
processing. Furthermore, most fish meal used in EU Member States for farming
marine fish originates from areas outside the Northeast Atlantic, notably the Pacific
Ocean at Peru.

Imports and exports data on fish, crustaceans and molluscs of EU Member States over
the years 1994/1996/1998 have been derived from additional EUROSTAT data (3),
total imports and exports data, corrected for non-food uses, from the FAO statistics.

Identifying quantities of marine produce from the different compartments of the
MARINA II Model will tell little about their utilisation. Part may be consumed in the
countries which produced it, part of it may be exported to other countries. This
picture is complicated by the fact that large amounts of marine produce are imported,
processed in some way and exported again. Some approximations have been made to
circumvent these problems. The main one is that the consumption of marine produce
of a EU Member State is considered to have the same relative composition as the total
supply of marine produce from landings and imports of that EU Member State. That
means that the fraction of marine produce from the Northeast Atlantic is the same in
marine produce consumed and exported by an EU Member State. All marine produce
imported by an EU Member State is considered to be consumed in the receiving EU
Member State.

The total amounts of marine produce available for human consumption from the
different compartments of the Northeast Atlantic, are obtained by adding the fractions
of marine produce from the own catch of a EU Member State to the fractions
represented by the imports of that EU Member State from all other EU Member States
and Iceland, Norway and the Faroe Islands.

For the radiological impact calculations of the MARINA II Working Group D, the
nominal (gross) landings have been converted into amounts actually available for
human consumption (net), by taking half of the nominal weights for fish, one third for
crustaceans and one sixth for molluscs.

Finally, estimated average (gross) consumption rates of marine produce have been

derived from FAO statistics. Critical group consumption rates of less than 1% of the
population may be obtained from those rates on multiplying by a factor 5.

Results

The following have been calculated and full details can be obtained from the
Environment Directorate General of the European Commission on request.
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e Total annual nominal catches and landings of fish, crustaceans and molluscs in all
EU Member States and Iceland, Norway and Faroe Islands from all sources over
1994, 1996 and 1998.

e (atches and landings of fish in all countries corrected for non-food uses.

e Mean annual values over 1994, 1996 and 1998 by country and by sub-area of
nominal landings and landings of fish from the Northeast Atlantic, corrected for
non-food uses. Nominal landings of fish are exclusively farmed marine fish.

e Mean values over 1994/1996/1998 by country and by sub-area of nominal
landings of crustaceans and molluscs from the Northeast Atlantic.

e Imports and exports data on fish, crustaceans and molluscs of EU Member States
including imports and exports of Iceland, Norway and the Farde Islands, taken
from additional data from EUROSTAT obtained from the Agriculture Economics
Research Institute (LEI), The Netherlands, in combination with FAO data on the
relative composition of total imports and exports of fish, crustaceans and
molluscs, corrected for non-food uses. Import and export data on fish are
inclusive of farmed marine fish. In the case of Norway, where no imports/exports
data were available from EUROSTAT, only the amounts of marine produce
imported by EU Member States were subtracted from the amounts of fish,
crustaceans and molluscs available for human consumption derived from catch
data to obtain the amounts available for human consumption. That is, exports to
other countries and all imports were not available and therefore not used.

e The amounts of consumption of their own catch of Northeast Atlantic fish by EU
Member States, e.g. in EU Member States such as Finland, Italy and Greece, with
no fish catch in the Northeast Atlantic, these values are zero. The only exposure
of these countries to Northeast Atlantic fish is through imports from other
countries with an own catch of Northeast Atlantic fish.

e The gross amounts of fish, crustaceans and molluscs as a mean over 1994/1996,
1998 available for human consumption in the EU Member States. These were
calculated for the individual sub-areas of the Northeast Atlantic using data for the
total annual catches and landings of the EU Member States, the shares of these
catches and landings from the various sub-areas of the Northeast Atlantic, and the
flow of marine products from the Northeast Atlantic through imports and exports.
By multiplying the data on fish by 1/2, on crustaceans by 1/3 and on molluscs by
1/6 the net amount of fish, crustaceans and molluscs from the individual sub-areas
of the Northeast Atlantic available for human consumption were also calculated.

e The data on fish, molluscs and crustaceans were split up over their respective
MARINA II compartments as the ICES sub-areas of the Northeast Atlantic only
partially coincided with the compartments relevant to Marina II.

e Total amounts of Atlantic salmon from marine farming in the relevant European
countries. This was to ascertain the relative importance of marine farming
compared to seafood catches

In order to give some indication about the trends in catches and landings of fish over
an extended period of time, in Figure 3 the total catch of marine fish in the Northeast
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Atlantic is given over the period 1950-1999. Trends in catches of crustaceans and
molluscs over the period 1950-1999 are given in Figure 4 and 5 respectively. Trends
in the production of marine farming of Atlantic salmon are given in Figure 6.

Discussion

On the basis of data from the FAO and additional data from the ICES and
EUROSATAT MARINA II Working Group C succeeded in delivering a consistent
data set on seafood catches and trade to be used in the assessment of the radiological

impact to the population of EU Member States from the consumption of marine
produce from the Northeast Atlantic by the MARINA II Working Group D.

As the sub-areas of the Northeast Atlantic derived from the ICES Statistical areas are
in a number of cases not equivalent to the compartment structure for MARINA I a
way had to be found to split up some of these ICES sub-areas into smaller
compartments relevant to MARINA II. In this exercise most areas have been split up
according to their relative surface areas.

When distributing fishing data into the much smaller compartments of the Irish Sea
and the English Channel, the data have been split into local boxes; for fish in
proportion to the volume of the water, for crustaceans in proportion to the surface are
of the water, and for molluscs in proportion to the length of the coastline.

Catches and landings of fish from the North-East Atlantic have increased by some
50% between 1950 and 1975 and remained more or less constant since, or show a
slight decrease over the period 1975 - 1999 (Figure 3).

The total catch of crustacea in the North-East Atlantic has doubled in the period 1950-
1999, with the strongest increase since 1990 (Figure 4).

The total catch of molluscs in the North-East Atlantic more than tripled in the period
1950-1980, halved between 1980 and 1985, and remained constant thereafter
(Figure 5).

The selection of 1994, 1996 and 1998 as basis for the analysis of data on fish,
crustaceans and molluscs in this report may therefore be considered as reasonably
representative.

Farmed marine fish may contribute significantly to the production of marine fish in
some countries, e.g. up to 20% of the amounts of marine fish production corrected for
non-food uses in Norway. Also the United Kingdom, Faroer Islands and Ireland
produce relative large quantities of farmed marine fish, mainly Atlantic salmon.
However, as most animal feed products used in farming marine fish originate from the
Pacific Ocean, e.g. Peru, farmed fish is not included into the production figures of
marine fish from the Northeast Atlantic. As can be seen from Figure 6, production of
Atlantic salmon is still exponentially growing in the Northeast Atlantic. It is uncertain
to what extent the water of the Northeast Atlantic in the marine farming areas itself
may lead to the accumulation of radioactivity in farmed fish.
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This suggests the need for future work into the radiological input of farmed marine
fish to the population of EU Member States.

Catches and landings of marine produce plus imports gives the supply of fish,
crustaceans and molluscs to an EU Member State. Taking into account the different
fractions of marine produce from the Northeast Atlantic in the supply and the exports,
gross amounts of marine produce available for human consumption for all EU
Member States may be constructed. In this calculation it is assumed that marine
produce which is imported by one of the EU Member States from the Northeast
Atlantic, is not exported again by the receiving country. In the case of

e.g. Belgium/Luxembourg, countries with much larger imports (199.000 ton/year) and
exports (75.000 ton/year) than total fish catch (27.000 ton/year, of which 26.700 ton
from the Northeast Atlantic), this means that of the total supply (catch plus imports)
of 226.000 ton/year only 11.81% is from the Northeast Atlantic. As the export is
considered to have the same composition as the total supply, the total fish catch from
the Northeast Atlantic of 26.700 ton/year can be allocated to Belgium/Luxembourg for
17.800 ton and to exports for 8.900 ton. In the case of Ireland, where the total catch
of fish is 10 times larger than the imports of fish, the total fish catch from the
Northeast Atlantic of 288.000 ton/year is allocated for 61.000 ton to Ireland itself and
227.000 ton to exports. So under all circumstances no fish from the Northeast
Atlantic is lost or created in the analyses.

Net available for human consumption for fish, crustaceans and molluscs is by no
means identical to the amounts actually consumed by the population of the EU
Member States. From the different food basket studies, the impression emerges that
roughly half of the net amounts of marine produce available for human consumption
is actually eaten by men. Therefore, taking the net available amounts of marine
produce from the Northeast Atlantic as basis for the radiological impact calculations
will certainly result in some overestimation.

In the MARINA II study this may, with the assumption that the consumption of the
critical group consists completely of marine produce from the Northeast Atlantic, (or
specific compartments thereof), take this overestimation even further.
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Figure 1 OSPAR area
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Figure 2 Compartments of OSPAR area
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Total catch of marine fish in the Northeast Atlantic 1950-1999

Figure 3
Total catch of marine fish in the North-East Atlantic
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Figure 4

Total catch of crustaceans in the Northeast Atlantic 1950-1999
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Figure 5 Total catch of molluscs in the Northeast Atlantic 1950-1999
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Figure 6 Total marine farming of Atlantic salmon in the Northeast Atlantic
1970-1999
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Summary

The objective of this part of the MARINA I study was to assess the radiological impact to the
population of the EU of radioactivity in North European waters. Collective doses were
estimated for all sources of anthropogenic radionuclides in order to compare the radiological
impact of these sources. Per caput dose is the collective dose divided by the exposed
population and this was also estimated to give an indication of the average impact on
individuals in each member state.

The sources considered were: routine liquid discharges from nuclear installations; discharges
from the oil, gas, and phosphate industries that discharge Naturally Occurring Radioactive
Materials (NORM); routine discharges from isotope production and use; discharges from the
Baltic sea; routine discharges from military installations in the UK; the input from
atmospheric testing of nuclear weapons; releases following the accident at the Chernobyl
nuclear plant.

A compartmental model, MARINA II, was used to represent the dispersion of radionuclides
in north European waters. This is an update of an earlier model and was verified by
implementing the model at two different organisations and comparing the results. The activity
concentrations estimated by the model were compared with measurement data to validate the
model.

Collective dose rates and integrated collective doses were estimated for the EU as a whole
and for individual member states together with per caput doses. The main results of the study
are presented for the known sources and discharges up to 2000. Additional results are
presented for comparative purposes assuming that discharges continue at 2000 rates up to
2020.

The peak collective dose rate of about 760 man Sv y”' occurred in 1984 and by 2000 this had
fallen to just under 220 man Sv y™'. With no further input beyond 2000 the collective dose
rate continues to fall and by 2500 is estimated to be about 0.95 man Sv y™'. These values can
be compared with a collective dose rate to the population of the European Union from
naturally occurring radionuclides in the marine environment of 17 000 man Sv y' and a
collective dose rate of 844 000 man Sv y' from all sources of natural background radiation.

Information on discharges from the NORM industries are only available from 1980 onwards
and from 1981 on these discharges are the largest contributor to the collective dose rates. In
2000, NORM discharges are estimated to lead to over 90% of the collective dose rate.

The collective dose integrated to 2500 for known discharges to 2000 is estimated to be just
under 20 000 man Sv. The NORM industries contribute about 67% of this integrated
collective dose with discharges from the nuclear industry contributing about 26%. Fallout
from the atmospheric testing of nuclear weapons contributes about 7% with all other sources
making a negligible contribution.

If discharges are assumed to continue at 2000 levels until 2020 the collective dose rate in
2020 is estimated to be about 216 man Sv y"' compared with about 85 man Sv y™' for
discharges to 2000 only. The integrated collective dose to 2500 increases from just under
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20 000 man Sv to 25 500 man Sv if discharges at 2000 levels are assumed to continue until
2020.

The most important source of discharges for the NORM industries is from phosphate plants
with discharges from the oil and gas industry becoming more important as discharges from
these industries have increased and those from the phosphate industry have declined. The
most important radionuclide for the NORM industries is polonium-210.

For the nuclear industries, the most important source of discharges is from fuel reprocessing
sites, with the Sellafield nuclear site in the UK being the major contributor to the estimated
doses. The collective dose rates from the nuclear industry alone reached a peak of about 280
man Sv y™' in 1978 and since then have declined significantly to about 14 man Sv y in 2000.
In this case, the integrated collective dose is dominated by the early years of discharges and
the effect of continuing discharges until 2020 is smaller than for discharges from the NORM
industries.

A detailed comparison of the model results for activity concentrations with measured values
gives confidence in the use of the models for the assessment of collective and per caput
doses. However, the uncertainties associated with such an assessment should be recognised.

Uncertainties are greater for the assessment of doses from the NORM industries than for
doses from the nuclear industries. Uncertainties are also greater for future doses than they are
for current or past doses. For example, future changes in sea levels or water movements due
to global warming and changes in the amount of seafood caught will all affect the dose
estimation.
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Introduction

The objective of MARINA II working group D was to carry out an assessment of the
radiological impact to the population of the EU member states of radioactivity in
North European waters. This is part of the input to the Oslo and Paris (OSPAR)
convention by the European Commission. There are two aspects to assessing the
radiological impact of radiation discharges. Doses received by individuals and doses
received by the population as a whole, referred to as collective dose. The doses
received by the members of the public who are representative of those most exposed,
the critical group, have been considered by Working Group B and are discussed in its
report. The main aim of group D was to estimate collective doses  to the population
of the European Union from all sources of anthropogenic radionuclides. However, per
caput doses were also estimated to give an indication of the average impact on
individuals in each member state, as the per caput dose is the collective dose divided
by the exposed population. Collective doses are conventionally used as an input into
the optimisation of protection (ICRP 1997). They can also be used to compare the
radiological impact of particular practices and this is the main purpose of the
estimation of collective doses in this study.

The study contained the following steps:

. The source term from working group A formed the basis of the assessment.
This considers all significant sources of radionuclides in the OSPAR area.
. Discharges of radionuclides to rivers flowing into the OSPAR area were also

considered with allowance made for the reduction in activity concentrations
during the transport in the river.

. The effects of discharges from the start of operation of nuclear sites until 2000
were considered in the study. Radiation doses were estimated up to 2500
firstly resulting from discharges up to 2000 only and secondly assuming that
discharges continued to 2020 at current (2000) rates.

. The compartmental model representing the dispersion of radionuclides in
north European waters was further developed and implemented.
. The implementation of the revised model was verified by comparing the

results of the model implemented independently at Centre d’études sur
I’Evaluation de la Protection dans le domaine Nucléaire (CEPN) and the
National Radiological Protection Board (NRPB).

. The activity concentrations estimated by the model were validated by
comparing them with measurement data collated by Working Group B. The
model also estimates activity concentrations in different media.

. Collective dose rates and integrated collective doses were estimated for the EU
as a whole and for individual member states. Per caput doses were also
estimated for each member state. An analysis of the results was carried out and
a qualitative estimate of uncertainties made.

" The European Union is taken to comprise Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Luxembourg, The Netherlands, Portugal, Spain, Sweden, The United Kingdom. For the purposes
of this assessment, Luxembourg has been grouped with Belgium.

" The word dose is used in this report to mean the effective dose and is the sum of the effective dose from intake
of activity into the body in a year and the effective dose from external irradiation in that year. Collective dose is
the total dose received by the exposed population.
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The sources of radioactivity considered in the study were: routine liquid discharges
from civil nuclear installations into northern European coastal waters (directly and via
river systems); discharges from the oil, gas, and phosphate industries that discharge
Naturally Occurring Radioactive Materials (NORM); routine discharges from isotope
production and use; routine discharges from military sites in the UK; and discharges
from the Baltic Sea. The input from atmospheric fallout from nuclear weapons testing
and due to the Chernobyl reactor accident were also considered in the study. The data
on the different sources were compiled by working group A and are described in its
report.

This assessment builds on and replaces that published in the previous MARINA study
(CEC, 1990). Mathematical models were used to predict the dispersion of
radionuclides discharged into the marine environment and the resulting population
exposure. These models are based on the MARIN1 system used previously (CEC,
1990) but have been developed to reflect knowledge gained since the original study
was carried out. In particular, there is a more detailed description of marine dispersion
in the Atlantic Ocean, the English Channel, the Irish Sea and the Barents Sea. The
number of compartments representing the North European waters has been increased
from 44 to 72. In addition, improvements have been made to the way the interaction
of radionuclides between seawater and sediments is modelled. This is of increasing
importance as discharges from nuclear sites have reduced significantly over the years
and radionuclides that have previously been transferred to sediments are now a
significant source of exposure. The revised model is called MARINA II. The
modifications to the model and the differences in the predictions between MARIN1
and MARINA II are discussed in this report. Other aspects of the original MARINA
study have also been updated, notably the information on catches and landings of
marine foods in the region of interest. The differences between the results of the
present study and those obtained previously are also discussed.

As part of the MARINA 1I study, working group D identified the appropriate
methodology for use in the study and reviewed all of the necessary modelling
parameters. The revised model was implemented by NRPB and CEPN and the results
compared to verify the implementation. The model results have also been compared
with activity concentrations measured in various marine media throughout the region
of interest to validate the use of the model for assessing radiological impact. The main
endpoint of the study is the collective dose rate as a function of time between the start
of nuclear discharges and 2500, together with the integrated collective dose at the
same times. The collective dose rate is also used to estimate per-caput doses per year
for each of the EU Member States. There are uncertainties associated with any
modelling system and these are discussed in a qualitative way in relation to MARINA
II. The results of the study, particularly the validation, are used to identify deficiencies
in the model and to make recommendations where future development would be
useful.
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2.1

Methodology

MARINA II

The model MARINA II was used to estimate the dispersion of radionuclides in
northern European waters and hence activity concentrations in different aquatic
media, such as fish and bed sediment. MARINA II is an updated version of the model,
MARINT used in the previous MARINA study (CEC, 1990). It incorporates model
developments carried out at NRPB, CEPN and the RIS@ National Laboratory and also
recent improvements in representing marine sedimentation processes (Lepicard and
D'Ascenzo, 2000; Lepicard, 2001). Appendix A provides more detail on the MARINA
I model.

The movement of water between various sea areas by processes of advection and
diffusion is modelled by assuming instantaneous uniform mixing within each marine
compartment with rates of annual transfer between adjacent compartments. The
detailed structure of the model is shown in Figure 1 to Figure 4. Details of the
compartment names are given in Table 1. The detail of the model compartments is
greatest in Northern European waters; however the model includes transfer to and
recycling from the rest of the World oceans. This is important for very long-lived
radionuclides, such as carbon-14 and technetium-99, which remain in the water and
potentially contribute to collective doses for long times.

The absorption of radionuclides by sediments can lead to a significant removal from
water, due to both the partitioning between the liquid phase and suspended sediments,
and the subsequent removal of the activity from the water column to bed sediments.
This partitioning is described in the model using a distribution coefficient (Ky),
defined as the ratio of the concentration of a radionuclide in dry sediment (in Bq t™) to
its concentration in filtered water (Bq m™) at equilibrium. The movement of
radionuclides within the seabed after being deposited from the overlying water and the
return of radionuclides to the water phase is modelled using a multilayered bed
structure as shown in Figure 5. This allows the various processes (molecular diffusion,
porewater mixing, particle mixing and sediment turnover) to be taken into account. A
distinction is made between deep and coastal waters in modelling the various
processes due to factors such as the extent to which exchange with sediment occurs
and the abundance of biota. Therefore, for coastal compartments, i.e. those with a
depth less than or equal to 200m, different parameter values are used for diffusion,
sediment re-working and porewater exchange as given in Appendix A. The sediment
distribution coefficients used in this study are given in Table 2.

Dispersion of radionuclides in the immediate vicinity of a site is modelled in a similar
manner to that undertaken in the original MARINA study (CEC, 1990). This approach
consists of site-specific local marine compartments being derived from available data
on sea depths in the proximity of the site; sedimentation rates; suspended sediment
loads; the length of coastline in the local compartment and estimated exchange rates
with the relevant regional marine compartment. In the absence of site specific data,
generic local marine compartments were derived to represent estuarine, exposed and
sheltered coastal environments. Details of the local compartment modelling
parameters are given in Table 3 and Table 4.
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2.2

The information available on discharges from the NORM industries is less detailed
than that for the nuclear industries. Also for the oil and gas industries the discharges
are diffuse with for example, several oil platforms operating in one area. It is,
therefore, difficult to define the exact locations of the NORM discharges. For
simplicity, discharges from the NORM industries were assumed to be directly into the
relevant regional marine compartment and local compartments were not used.

Fallout from weapons testing and from the Chernobyl accident have been considered
in this study. For these sources, estimates of the annual inputs to each regional marine
compartment have been made using data provided by Working Group A. These inputs
were then used within the MARINA II model to estimate the activity concentrations in
each regional marine compartment.

The comparison of modelling output with environmental measurement data is of
utmost importance to give confidence in the results of an environmental transport
model. Validation for the MARINA II model has been carried out for several
radionuclides of differing environmental behaviour in a range of environmental media
over the available time series of data. The results of this validation are summarised in
Section 4.1 and are presented in Appendix B. Data used for the validation of the
model have been derived from separate sources to that used to develop the model
wherever possible.

Rivers

A large number of the nuclear sites in the European Union are situated at inland
locations with the liquid discharges of radionuclides being made to river systems.
These river systems subsequently drain into northern European marine waters.
Processes such as sedimentation, accumulation by biota and radioactive decay within
the river result in a reduced inventory of activity draining from the river than that
discharged upstream. These processes have been represented in modelling the total
activity discharged to the marine environment from river discharges. Two major
European rivers (Rhine and Loire) have been modelled to represent riverine
discharges in the European Union. The Schaeffer (Schaeffer, 1976) modelling
approach, as described in the EC methodology for routine radioactive discharges
(Simmonds et al. 1995) and implemented in the compartmental biosphere transport
model, BIOS (Martin et al. 1991), has been used. The two rivers were divided into
several river sections for modelling purposes. The relevant inland sites were assumed
to either discharge directly to the local marine compartment (in the case of estuarine
sites) or to sections of the Rhine or Loire, which are assumed to represent the river
into which the site actually discharges. The distance between discharge locations and
the estuary were estimated. The river sections assumed for the modelling were the
same as in a previous study (Smith et al. 2002). Modelling was carried out for all
necessary radionuclides for a unit release of 1TBq for 1 year. The concentrations in
the local marine compartment following discharge to the river were compared with
those assuming the source is discharged directly into the local marine compartment. It
should be noted that the local marine compartment is assumed to be the same for all
rivers. The results were used to calculate a ratio between discharge to the river and
discharge to a local marine compartment for each site. A similar approach was
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2.3

adopted for discharges to Lake Trawsfynydd in the UK, the activity concentrations in
the local compartment were compared assuming discharge to Trawsfynydd lake and
discharge to the local marine compartment. The calculated ratios were used to scale
the river discharges (as provided by Working Group A) to estimate the input to the
marine environment. The estimates of activity entering the marine environment from
each discharging site are given in Appendix C.

Collective doses

Four exposure pathways are considered in the calculation of collective doses and
collective dose rates in this study. These pathways are consumption of fish,
crustaceans and molluscs; and external exposure from contaminated beach sediments.
The MARINA II model estimates the activity concentrations and integrated activity
concentrations in filtered seawater and bed sediment layers for each regional marine
compartment and local compartment, if applicable. Activity concentrations in marine
foodstuffs are then calculated using the filtered water activity concentration in the
relevant marine compartment and an element-specific equilibrium concentration
factor (as given in Table 2). Contaminated beach sediment activity concentrations are
taken to be the same as the activity concentrations in the upper-most sediment layer in
the relevant marine compartment.

Collective doses from consumption of seafood are calculated as the product of the
activity concentration in the seafood, annual catch rate and dose coefficient for each
radionuclide, summed over radionuclides and marine compartment. The catch rates
used are the net amounts (in tonnes per year) of foodstuffs available for human
consumption in each regional compartment (Working Group C report). The average
catch data for the years 1994, 1996, and 1998 have been used for the calculations.
These values include consideration of imports/exports, non-food use and the edible
fractions of the foods. For local compartments, estimates of catches have been made
by scaling by the ratio of the volume of the local compartment to the regional
compartment for fish; the ratio of surface areas for crustaceans; and the ratio of
coastline lengths for molluscs. For the purposes of the calculation, it has been
assumed that the 1994-1998 rates apply throughout the period considered up until
2500. Although uncertain, this assumption is necessary to allow calculation of
collective doses over long time periods.

Collective doses resulting from external exposure to contaminated beach sediments
are estimated assuming the beach is a uniformly contaminated semi-infinite medium.
The dose rates from such a medium can then be estimated (Hunt, 1984) and combined
with an annual collective occupancy per unit length of coastline as identified in
previous studies (Simmonds et al. 1995). The collective occupancy rates account for
lower occupancies at higher latitudes. The assumption that the activity concentrations
in beaches is the same as that in the top layer of bed sediment is likely to adequately
represent observed activity concentration in silty intertidal sediments. However,
activity concentrations in sandy beaches are likely to be overestimated by up to an
order of magnitude (Simmonds et al. 1995) due to the coarser sediment grains.
Therefore, the collective doses due to external exposure may be an overestimate. Each
member state’s coastline may border one or more of the regional marine
compartments in the MARINA II model. In such cases the relevant coastline lengths
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in each regional marine compartment have been used together with the collective
occupancy rates described previously.

The collective doses and collective dose rates presented in this study have been
calculated using the results of the MARINA II model with the described supporting
data. Annual liquid discharges of radionuclides from each of the 88 sites or sources
have been taken from the work of Working Group A. These data cover discharges
from the start of operation of the sites until the end of 1999 or 2000. Two sets of
calculations have been carried out. The first are collective doses and collective dose
rates for discharges up to year 2000. In the case of data not being available for 2000,
the discharges in 2000 were assumed to be the same as 1999. The second calculations
are collective doses and collective dose rates assuming discharges continue until 2020
at 2000 discharge rates.

Collective doses and collective dose rates have been calculated for each year up to
2020 and then at appropriate intervals up to 2500. These results have been presented
in graphical and tabular forms to allow identification of trends.

Additional calculations have been performed to estimate the individual doses received
per head of population of each European Union member state. These individual doses
are referred to as per caput doses.

Results

Overall Radiological impact

Results are presented for collective dose rates and collective doses integrated over
time to the populations of EU member states from all anthropogenic sources of
radioactivity in the north European waters. The main results are presented for the
known sources and discharges up to 2000. Additional results are presented for
comparative purposes assuming that discharges continue at 2000 rates up to 2020.
Detailed results are provided for the major sources, i.e. discharges from the NORM
industries and the civil nuclear power industry. In addition, results are presented
showing which factors are the major contributors to the total impact of the discharges.
These factors include the most important radionuclides; discharge sites and industries;
and discharging and affected countries with detailed breakdown presented in
Appendix D.

Figure 6 gives the collective dose rate from 1981 onwards for all sources based on
known discharges up to 2000. There is no information available on discharges from
the NORM industries before that time but information is available for the nuclear
industry and this is presented separately. No account is taken of any discharges after
2000. The peak collective dose rate of about 760 man Svy "' occurred in 1984 and by
2000 this had fallen to just under 220 man Sv y”'. With no further input beyond 2000
the collective dose rate continues to fall and by 2500 the collective dose rate was
estimated to be about 0.95 man Sv y'; see Table 5. From 1981 onwards, discharges
from the NORM industries are the largest contributor to the collective dose rates. The
second largest contributor to the collective dose rates is discharges from the nuclear
power industry. Figure 7 shows the contribution of the different sources to the total
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collective dose rate in 2000. Similar results are obtained for other times, although the
contribution from the nuclear industry is bigger in the 1980s. The fallout from nuclear
weapons testing makes a small contribution to the total collective dose rate at all times
(3% in 2000) while the releases from the 1986 accident at the Chernobyl nuclear plant
also contribute in 1986 and to a lesser extent in 1987 and 1988. The contributions
from the other sources considered, isotope production, discharges from military sites
in the UK and the flux of caesium-137 from the Baltic Sea, all make a negligible
contribution to the total collective dose rate.

Collective doses integrated to various times have also been calculated and Table 6
gives the total collective dose integrated to 2000, 2020 and 2500 together with the
integrated collective doses from the different sources. For 2020 and 2500, results are
presented for the collective doses due to the known discharges up to 2000 only and for
the collective doses assuming that discharges continue to 2020. In all cases the most
important contribution to the total integrated collective dose is due to discharges from
the NORM industries being 61% to 74% of the total integrated collective dose. The
second most important source is discharges from the nuclear industry at 21% to 33%
of the total. Other sources make a relatively small contribution with fallout from
weapons testing contributing about 5%, the accident at Chernobyl about 0.3%, isotope
production about 0.01%, discharges from UK military sites 0.000005% and the flux of
caesium-137 from the Baltic about 0.05%.

From Table 6, it is seen that the majority of the integrated dose to 2500 is due to the
known discharges up to 2000. If discharges continued to 2020 at 2000 rates this would
increase the total integrated collective dose to 2500 by 29%. For the nuclear
industries, continuing discharges to 2020 increases the integrated collective dose to
2500 by about 3%, while the NORM industries the increase is about 44%. Figure 8
shows the contribution of the major sources to the integrated collective dose to 2500
for known discharges up to 2000. Discharges from the NORM industries are the most
important source (67%), followed by discharges from the nuclear industry (26%) and
fallout from nuclear weapons testing (7%), other sources are negligible in comparison.
Similar results are obtained if discharges are assumed to continue until 2020.

The collective dose rate as a function of time is shown in Figure 9 and Table 5 for
known discharges to 2000 and assuming that discharges continue at 2000 levels until
2020. Between 2000 and 2020, the collective dose rate summed over all sources,
assuming discharges continue, is a factor of 2 to 3 higher than the collective dose rate
from the known discharges to 2000. Beyond 2020, the collective dose rates decline
gradually in both cases and the difference between the estimated collective dose rates
for the two cases is less than a factor of 2 in 2500.

The impact of discharges from the NORM industries

The collective dose rates due to discharges from different NORM industries are given
in Figure 10 and Table 7 for 1980 onwards, for known discharges up to 2000. 1980 is
the first year for which any information on discharges was available. The peak
collective dose rate occurred in 1984 and was just over 600 man Sv y™'. This
collective dose was almost entirely due to discharges from the phosphate industry
with the important sources being discharges into Cumbrian waters from the UK and
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into the North Sea from the Netherlands. The discharges from the phosphate industry,
particularly in the UK, reduced in the 1990s and this is reflected in the collective dose
rates. Figure 11 shows the relative contribution of the different sources to the
collective dose rate from the NORM industries in 2000. The phosphate industry is still
a major contributor to the collective dose rate with the Cumbrian Waters source
contributing 19% of the total and the North Sea source contributing 40%. However,
discharges from the oil and gas industry, which made a small contribution over much
of the period from 1981 to 1999, have become relatively more important. In 2000,
discharges from the oil and gas industry contribute about 39% to the total collective
dose rate from the NORM industries with discharges into UK North Sea central
(15%), Norway North Sea central (9%) and Norway North Sea N (5%) being the main
sources. The collective dose rates beyond 2000 presented in Figure 10 are lower than
those up to 2000 as there are no further discharges. The decline in collective dose
rates with time after 2000 is relatively slow due to the ingrowth of polonium-210 from
the earlier discharges of radium-226 and lead-210.

The estimated collective dose rates from the NORM industries are predominately
from polonium-210 and are likely to be due to the ingestion of polonium-210 in
seafood, although information on exposure pathways is not available. The polonium-
210 arises from direct discharges of this radionuclide and also from ingrowth
following discharges of radium-226 and lead-210. Figure 12 shows the contribution
by different radionuclides to the collective dose rate for known discharges to 2000.
The figure shows that doses from polonium-210 are the greatest contributor to the
collective dose rates at all times. Figure 13 gives the contributions of the different
radionuclides to the collective dose rate in 2000; the contribution of polonium-210 is
82% of the total with radium-228 giving 11%, radium-226 6% and lead-210 1%.

Collective dose rates have also been estimated assuming that discharges continue until
2020 at 2000 discharge rates. Figure 14 shows the estimated collective dose rates for
the NORM industries. From 2000 to 2020, the collective dose rates increase even
though the discharges are constant. This is due to the ingrowth of polonium-210 from
radium-226 and lead-210. The different sources from the oil and gas industry are
becoming more important relative to the dose from previous discharges from the
phosphate industries.

The impact of discharges from the nuclear power industry

Figure 15 shows the estimated collective dose rates from 1952 onwards due to
discharges from the nuclear power industry. The peak collective dose rate occurred in
1978 and was about 280 man Sv y”' since then the collective dose rate has declined
significantly reflecting reductions in discharges to sea from the major nuclear sites. In
2000, the collective dose rate from the nuclear sites is estimated to be about 14 man
Sv y''. Without further discharges, the collective dose rates continue to decline to 0.11
man Sv y”' in 2500. The major source is discharges from the Sellafield nuclear site in
the UK which is the greatest contributor for all years except in 1987 and 1989 when
discharges from the Cap de la Hague nuclear site in France led to a slightly higher
collective dose rate than from Sellafield. These two sites both carry out nuclear fuel
reprocessing and other operations and discharges from these sites make a far greater
contribution to the collective dose rates than the discharges from all of the nuclear
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power stations added together. Figure 16 shows the contribution by nuclear operation
to the estimated collective dose rate in 2000. The discharges from Sellafield lead to
72% of the total collective dose from nuclear sources, discharges from Cap de la
Hague contribute 26% with only about 2% from nuclear power stations and other
nuclear sites.

Discharges from nuclear sites contain many different radionuclides and the
composition of the discharges from the major nuclear sites has changed with time.
This is reflected in the pattern of the contribution of different radionuclides to the
collective dose rates as a function of time as shown in Figure 17. Between 1950 and
1976, ruthenium-106 was the most important radionuclide but with an increasing
contribution from caesium-137, which became the most important radionuclide. Also
of importance are plutonium-239+240, plutonium-241 and caesium-134. Figure 18
shows the relative importance of different radionuclides to the collective dose rate in
2000 due to discharges from the nuclear industry. Here, carbon-14 makes the largest
contribution (32%), followed by plutonium-239 (21%) and caesium-137 (18%).

Other radionuclides, including technetium-99 at 3%, make a smaller contribution than
these three radionuclides. Different contributions by radionuclide are found for the
integrated collective dose from the nuclear industry as seen in Figure 19. As shown in
Table 8, the integrated collective dose from nuclear discharges is mainly from
discharges before 2000. The important radionuclides for the integrated collective dose
are therefore, ruthenium-106 and caesium-137, reflecting their importance between
1950 and the early 1990s (see Figure 17).

Collective doses have also been estimated assuming that discharges continue at 2000
rates until 2020. Figure 20 shows the collective dose rates as a function of time for
this case. The collective dose rates continue at about 2000 levels (14 man Sv y'l) until
after the discharges are assumed to stop in 2020. However, due to the contribution
from pre 2000 discharges declining, the collective dose rate has fallen slightly to
about 11 man Svy" in 2020. By 2500, the collective dose rate from nuclear
discharges has reduced to 0.11 man Sv y™' and is only slightly higher than that due to
the discharges up to 2000 only (see Table 5).

The impact of discharges on individual member states

Table 9 presents collective dose rates to the individual member states of the European
Union for selected times resulting from the known discharges to 2000 and assuming
discharges continue to 2020. Full results for all times are presented in Appendix D.
The collective dose rate in 2007 for known discharges up to 2000 is apportioned as
follows: United Kingdom 25%, Germany 17%, France 14%, Denmark 10%,
Netherlands 9%, Spain 7%, Belgium 5%, Italy 4.5%, Ireland and Sweden both 2.7%,
Portugal 2%, Austria, Finland and Greece all below 1%. The proportion of the
collective dose rate received by member states varies relatively little over the times
considered. The effect of discharges continuing to 2000 or to 2020 also results in little
change to the proportion of the collective dose rate received by the member states.
Appendix D also gives information on the collective dose rate for the discharges from
each country. In 2000, about 41% of the collective dose rate is due to discharges from
UK sources, including the phosphate and oil and gas industries, about 36% from
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sources in the Netherlands, about 13% from sources in Norwegian waters, 4% from
sources in Denmark and about 3% from discharges from France.

Table 10 shows the doses received per head of population (per caput) in the individual
member states of the European Union. These per caput doses are calculated by taking
the estimated collective dose rate received by each country and dividing by the
population. They are based on the net seafood catches, i.e. the seafood caught by the
country minus the seafood exported. Where both of these numbers are large, for
example for Denmark, the difference may not be a true representation of the actual
intake in the country. In 1987, the highest per caput dose rate was about 11
microsieverts per year received by the population of Denmark. The lowest dose rate of
0.16 microsieverts per year was received by individuals in Greece. The highest per
caput dose rate over all selected times is received by individuals in Denmark. In 2007,
the effects of assuming discharges continue at 2000 levels to 2020 result in a per caput
dose rate to Denmark of 4.25 microsieverts per year to compared 2.2 microsieverts per
year for known discharges to 2000.

Discussion of results

The results presented here show that the largest contribution to the estimated
collective doses is due to the ingestion of polonium-210 in seafood. However, there
are a number of uncertainties associated with this estimate. Firstly, the discharges of
natural radionuclides from the NORM industries are less well known than the
discharges from the nuclear industry. In addition, the transfer of polonium-210 in the
marine environment is subject to uncertainty due to the presence of naturally
occurring polonium-210 and the comparatively few measurements available for this
radionuclide. Finally, an experimental study (Hunt and Allington 1993) has shown
that the dose coefficient for the ingestion of polonium-210 in crabmeat may be higher
than the value used here as the gut uptake factor was found to be 0.8 rather than the
default value of 0.5. A limited sensitivity analysis has been carried out to determine
the effect of changing two parameter values on the results. In the original MARINA
study, a value of 2000 Bq t"' per Bq m™ was used (IAEA, 1985) for the concentration
factor for polonium-210 in fish. Based on more recent data this was increased to

20 000 Bq t! per Bq m™ (Swift and Kershaw, 1999) in the current study. However,
large variations are observed in the levels of polonium-210 measured in fish
indicating that the concentration factor is also variable (Young et al. 2002). The
collective doses for polonium-210 were re-estimated using a concentration factor of
2000 Bq t" per Bq m™ and it was found that the collective dose rates were reduced by
about a factor of 3. This meant that the peak collective dose rate in 1985 fell from
about 600 man Sv y”' to about 200 man Sv y™'. A similar effect would be seen for the
total collective dose rate from all radionuclides and sources given the importance of
polonium-210. Conversely, changing the dose coefficient for the ingestion of
polonium-210 from 1.20 10 Sv per Bq (ICRP, 1996) to 1.92 10° Sv per Bq (ICRP,
1994) based on the gut transfer factor of 0.8 for crabmeat increases the collective dose
rate for polonium-210 by about a factor of 1.5. For example, the peak collective dose
rate in 1985 increased from about 600 man Sv y™' to about 930 man Sv y . These
limited results illustrate the uncertainty associated with the estimated doses due to
polonium-210. However, even using a lower concentration factor for polonium-210 in
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fish NORM sources would still give the highest collective doses with the contribution
from polonium-210 still being greater than that from other radionuclides.

In assessing the radiation doses from radionuclides in seafood, no account is taken of
the radioactive decay that could occur between the harvesting of the seafood and its
eventual consumption. A substantial proportion of fish and crustacea are frozen and
can be stored for lengthy periods before consumption. This will not affect the
concentrations and hence intakes of long lived radionuclides such as caesium-137
(half-life 30 y) or plutonium-239 (half-life 24 100 y) but it could reduce the activity
concentrations of shorter lived radionuclides such as polonium-210 (half-life 138 d).
However, the effects of not including radioactive decay between harvesting and
consumption are probably small compared with the overall uncertainties associated
with the results.

The relative importance of different radionuclides to the collective doses does not
necessarily reflect the relative discharges of the radionuclides as presented in the
Working Group A report. The radiation doses from the discharge of a particular
radionuclide depends on a number of factors including their behaviour in the marine
environment and their physical and chemical properties. From Table 2, it is seen that
different elements have widely different parameter values. For example, the
concentration factor between water and fish varies from 1 Bq t' per Bq m™ for
hydrogen to 20 000 Bq t"' per Bq m™ for carbon, phosphorous and polonium. Also of
importance is the dose coefficient for ingestion, which can vary widely depending on
the radionuclide (ICRP, 1996). Technetium-99 is a relatively weak beta emitter and
for adults the dose coefficient for ingestion is 6.4 10 Sv Bq™. Caesium-137 is also a
beta emitter but has a gamma emitting decay product and for adults the dose
coefficient for ingestion is 1.3 10® Sv Bq', a factor of 20 higher than for technetium-
99. Polonium-210 and plutonium-239 are both alpha emitters and so have higher dose
coefficients than caesium-137 but for intake by ingestion polonium-210 has a higher
gut transfer factor of 0.5 than plutonium-239 for which a value of 0.0005 is used. This
and other differences in their properties mean that the dose coefficient for ingestion of
polonium-210 by adults is 1.2 10° Sv Bq™' while that for plutonium-239 is 2.5 10”7 Sv
Bq' (ICRP, 1996).

As discussed in Section 2.3, four exposure pathways were considered in estimating
the radiation doses in this study. Information is not directly available on the relative
importance of these exposure pathways but it is possible to obtain some idea from the
information available on the relative importance of different radionuclides and
knowledge of the important exposure pathways for those radionuclides. Polonium-210
is the most important contributor to the estimated doses and for this radionuclide,
ingestion of seafood will be the most important route of exposure. For nuclear
discharges, important radionuclides are ruthenium-106 and caesium-137 and for both
of these the main route of exposure will again be the ingestion of seafood but there
will also be a smaller contribution from external irradiation during time spent on the
shoreline. Overall, ingestion of seafood is the most important source of the estimated
collective and per caput doses and it is likely that all three groups of foods considered,
fish, crustacea and molluscs, will all be important. External irradiation from
radionuclides in sediment is likely to be a less important but a not negligible
contributor to the overall dose.
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Collective dose rates and integrated collective doses are presented in this report to
compare the radiological impact of different anthropogenic sources of radioactivity in
North European marine waters. Naturally occurring radionuclides in the marine
environment also give rise to radiation doses. Appendix E gives an estimate of the
collective dose rate from naturally occurring radionuclides in the marine environment.
As discussed, the estimate is based mainly on measurements and these are sometimes
variable. The collective dose rate due to naturally occurring radionuclides in the
marine environment has been estimated to be 17 000 man Sv y'1 for the population of
the European Union. It is also possible to estimate the collective dose rate to the
population of the European Union from all sources of natural background radiation.
Based on UK data (Hughes, 1999), the collective dose rate is 844 000 man Sv y.
Figure 21 compares the collective dose rates from anthropogenic sources estimated in
this study with these estimated collective dose rates from natural radioactivity. The
peak collective dose rate of about 760 man Sv y™' is around a factor of 20 less than the
annual collective dose from natural radioactivity in the marine environment.

It is of interest to compare the results of this study with those from other studies
looking at the radiological impact of releases to the marine environment. A recent
study for the European Commission (EC) by Smith et al 2002 assessed the
radiological impact on the population of the European Union from European Union
nuclear sites between 1987 and 1996. This study included liquid discharges to sea and
the methodology was broadly the same as used here. However, the model for the
dispersion in the marine environment was that from PC-CREAM and not the updated
MARINA II model. The results of the two studies are not directly comparable as
MARINA II is estimating collective dose rates and integrated collective doses from all
discharges while the other EC study estimated integrated collective dose to 500 years
from a single year’s discharge. However, the two studies did reach the same
conclusions about the relative importance of different sources of radionuclides from
the nuclear industry and the results are broadly compatible. The results from
MARINA II can also be compared with those from the earlier MARINA study (CEC,
1990), although this did not consider discharges from the NORM industries. For
discharges from the nuclear industry only, the first MARINA study estimated a peak
collective dose rate from 1976 to 1978 of 310 man Sv y™'. This study estimates a peak
collective dose rate from nuclear sites of 280 man Sv y™', which is of the same order
although the time distribution is slightly different. There have been a number of
changes made in the models and data used between the two studies and it is difficult
to determine the effects of each of the changes. Of particular importance are changes
in the seafood catch data, changes in the dose coefficients for ingestion, changes in the
model for dispersion of radionuclides in North European waters and changes in the
concentration factors used to estimate the transfer of radionuclides to seafood. The
first MARINA study also found ruthenium-106 and caesium-137 to be important
contributors to the collective doses with Sellafield and Cap de la Hague being the
major sources. The similarity of the two sets of results gives confidence in the results
of this study.
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4.1

Model Validation and Uncertainties

Model validation

Any modelling system can only be an approximation to the actual situation that is
being modelled. It is therefore important to determine the validity of the model by
comparing the predictions with measured activity concentrations in the environment
being modelled. This process also helps to identify and to some extent, quantify the
uncertainties associated with the application of the model. As part of the current
study, an extensive validation of the model, MARINA II, has been carried out. This
has made use of the large body of measurement data identified and collected by
Working Group B. Two main types of validation were carried out. Firstly, for selected
specific locations, radionuclides and media, measured activity concentrations were
compared with those predicted by the model for the same situation. This was done for
all times for which data were available. Secondly, for specific times, measured
activity concentrations from a range of locations for a particular radionuclide and
media were compared with the model predictions. The first type of comparison
enables the way the model includes variations with time to be determined, while the
second type enables the way the model deals with spatial variations to be assessed.

In carrying out the validation calculations with MARINA 11, it is important to include
all sources of activity. Although discharges from the Sellafield nuclear site may be the
major source of activity in water, fish etc. close to the site, this is not the case further
way. Account has to be taken of activity from fallout from nuclear weapons tests and
from the accident at the Chernobyl nuclear plant as well as other relevant discharges
from nuclear sites. Appendix B - Validation of MARINA II gives details of the full
range of validation studies carried out with MARINA II; some key features are given
here. In the validation, particular attention has been focused on a few key
radionuclides. This partly reflects the amount of measurement data available and
partly the properties of the radionuclide. The most important radionuclides for
validation studies are technetium-99, caesium-137 and plutonium-239/240.

Caesium-137 has been widely studied for many years, it is also of radiological
importance and its behaviour in the marine environment makes it useful for validation
purposes. However, it is important to take account of fallout from weapons testing and
Chernobyl when considering this radionuclide and this can limit the knowledge
gained. Plutonium-239 is another important radionuclide and as it interacts with
sediment to a relatively great extent it is important to include results for this
radionuclide in validation studies. However, as for caesium-137, it is found in fallout
from weapons testing which can have a significant influence on the validation results.
When measurements are made of plutonium-239 they include plutonium-240. This is
also the case for the modelled concentrations based on discharges. Therefore, where
plutonium-239 is referred to in this report it should be taken to mean plutonium-239
plus plutonium-240. Also of interest for validation purposes is technetium-99, not for
its radiological significance, which is relatively low, but because it is not found in
significant quantities in fallout from weapons testing and is only discharged from a
limited number of sites. Technetium-99 interacts with sediment to only a very limited
extent and so a comparison of measured and estimated activity concentrations gives a
good indication of how well water flows are modelled.
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Figure 22 shows some of the results obtained for technetium-99 in seawater. The
figure shows ratios of measured to estimated activity concentrations averaged between
1990 and 2000, for a number of different marine water compartments. The solid
central diagonal line indicates perfect agreement between estimated and measured
concentrations. Values above the central line indicate that the model results are higher
than measurements while values below the line indicate that the model estimates are
lower than the measured values. Also shown on the figure are dotted lines
representing ratios of a factor of two and a factor of ten. For technetium-99 in filtered
seawater, the estimated to measured ratios are all within an order of magnitude and
most are within a factor of two. The model estimates are both higher and lower than
the measured values. Further results for technetium-99 are given in Appendix B. The
ratios of estimated and measured activity concentrations show a greater spread for
seaweed than for seawater. This may be because the uptake of technetium-99 into
seaweed depends on environmental factors such as water temperature and salinity
(Aarkrog, 1985) or because the measurements are not representative of the situation
being modelled. Results are also presented in Appendix B for the North Sea south
west compartment. These show that most of the activity concentrations estimated by
the model are within the range of measurements except where only limited
measurements results were available at a time of increasing discharges from the
Sellafield nuclear site. Discharges from Sellafield are generally the major source of
technetium-99 in seawater in this and other compartments. However, in the mid to late
1980s discharges from Cap de la Hague made a greater contribution to the
concentration of technetium-99 in seawater in the North Sea south west compartment.
These results for technetium-99 give confidence in the way MARINA II models water
movements.

There are good measurement data for caesium-137 over long time periods. A number
of comparisons have, therefore, been made between estimated and measured activity
concentrations of caesium-137 in various media and full details are given in Appendix
B. Figure 23 compares estimated and measured activity concentrations in fish for a
number of compartments; the results are averages for the period 1990 to 2000. Similar
results are given in Appendix B for seawater. The ratios of estimated to measured
activity concentrations for fish are all within a factor of four and show better
agreement than the results for seawater, although many of the seawater results are
within a factor of three. The good agreement for fish is encouraging as the intake of
caesium-137 in fish is important in determining collective and per-caput doses
resulting from nuclear discharges. Results for particular locations are given in
Appendix B and show that the activity concentrations predicted by the model are
within the range of measured data. Even at locations distant from the Sellafield
nuclear site, the discharges from Sellafield are an important contributor to the
concentration of caesium-137 in aquatic media. Between 1952 and 1967, fallout from
weapons testing was important and the release from Chernobyl in 1986 was also
relatively important for 1986 only.

Plutonium-239 is also of interest for model validation because it readily interacts with
sediment and again there are many measurement data available over a relatively long
time period. Figure 24 gives the ratios of estimated and measured concentrations of
plutonium-239 in filtered seawater for a range of marine compartments. The ratios of
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4.2

estimated to measured concentrations are within a factor of two for most
compartments with model estimates both higher and lower than measured values.
Results are also presented for fish, molluscs and sediment, although fewer data are
available than for filtered seawater. In most cases the model estimates are within an
order of magnitude of the measured value although there are exceptions. For
compartments away from the Sellafield nuclear site, e.g. the Norwegian Sea
compartment, fallout from nuclear weapons testing is the most important contribution
to the concentrations of plutonium-239 found in the marine environment. Plutonium is
less mobile in seawater than caesium and technetium and therefore most of the
activity discharged from nuclear sites remains in the area close to the discharge point.

Implications of the validation results and uncertainties

The process of model validation is to some extent subjective, especially for marine
models covering large areas and time periods of 10s of years. The marine model
represents complex processes in a relatively simple way and averages over space and
time. The measurements against which the model results are judged also have
limitations. Samples are taken at a specific location at a specific time. Implicit in
using the data assembled for validation is that conditions at sea have not changed
significantly between the ship taking the first and last samples and that the
concentration measured at a specific point is representative of the concentration in the
surrounding area. Short-term fluctuations in the amount of a radionuclide released into
the sea together with the effects of changing tidal conditions may mean that a
measurement from a particular location and time is not representative of the annual
average it is assumed to represent. Measurements of activity concentrations in
seawater are usually for unfiltered seawater and so include suspended sediment. The
model estimates are made for seawater and suspended sediment separately and so
should be compared with measurements for filtered seawater. It is not always clear
whether this is the case and differences between filtered and unfiltered seawater can
be large for radionuclides such as plutonium-239, which transfer to sediment. There
are also intrinsic errors associated with any measurement depending on the sampling
and analytical methods used. The question to be answered by the validation is, is the
model adequate for its intended application? In this case we are interested in radiation
doses received over periods of between a year and 500 years and which are delivered
from seafood caught over wide areas. The validation results presented here show that
the models give a good but not perfect representation of the main processes which
disperse radionuclides released into the sea. They give confidence in the use of the
model to estimate collective and per-caput doses for use in the MARINA 1I study.

The following points have emerged from the dose assessment and validation studies
regarding the uncertainty associated with the MARINA II model.

. The uncertainties in key model parameters, such as Ky values, flows between
different marine areas, transfers to marine foods etc. all contribute to the
overall uncertainty in the results of the study. Any uncertainties in the source
term will also be reflected in the uncertainty of the estimated doses and
activity concentrations.
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Model estimates are both higher and lower than measured values. When
estimating collective and per-caput doses, activity concentrations from many
locations are used and the resulting doses summed. This means that the
uncertainty in the estimated doses is lower than that in the activity
concentrations at a specific location.

The differences observed between measured and estimated activity
concentrations reflect the variation observed in measurements taken at
different times, at different locations within the same area and for different
species.

Uncertainties are greater for some radionuclides and media than for others
depending on the extent to which they have been studied. For example,
caesium-137 and plutonium-239 have been comparatively well studied and
there is greater confidence in the results for these radionuclides than for less
well-studied radionuclides, such as carbon-14, polonium-210 and cobalt-60.
Fortunately for nuclear discharges, the radionuclides which have been
relatively well studied are also those which have been of the most radiological
significance in terms of their contribution to dose.

There are also uncertainties in the seafood catch data and how much is actually
consumed in each EU member state. The total EU collective dose is likely to
be less uncertain than that for individual countries. This also affects the
estimated per caput doses which are more uncertain than the total collective
doses. The seafood catch data were derived from data for 1994, 1996 and 1998
and have been shown to be reasonably consistent with catch data for the earlier
years considered in the study. However, their use beyond 2000 must be
regarded as increasingly uncertain with amounts, types and sources of seafood
catches all likely to change.

The uncertainties in the estimated doses for the NORM discharges are greater
than those for discharges from the nuclear industry. This reflects both greater
uncertainties in the knowledge of the source term for NORM discharges and
the limited data on levels and behaviour of the important radionuclides (such
as polonium-210 and radium-226) in the marine environment. In addition the
model has been developed primarily for considering discharges from the
nuclear industry. The model is therefore more detailed in the regions where
nuclear discharges occur, e.g. the Irish Sea and the English Channel, and is
less detailed in other regions where NORM discharges may occur.

The collective doses due to external irradiation from radionuclides in sediment
are more uncertain than those resulting from the ingestion of seafood. The
estimation relies on estimates of coastline lengths and knowledge of the
collective occupancy of the coast, which are based on limited data on people’s
habits. However, this is likely to be a relatively unimportant pathway for
estimating collective and per caput doses given the radionuclides found to be
the greatest contributors to the dose.
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. The model has only been validated for part of the period under consideration
and estimated future doses will be more uncertain than current or past doses.
The previous model, MARINT1, was considered valid in 1986 but was later
found to underestimate activity concentrations when the remobilisation of
radionuclides from sediments became increasingly important. Future changes
in sea levels, water movements, the amount of seafood caught will all affect
the dose estimation.

The results of this study are considered to be robust, at least at present and in the past.
The validation studies show that for the major radionuclides the estimated activity
concentrations are usually within a factor of 10 of the measured values and are often
within a factor of 3. The estimated collective doses are thought to be within a factor of
5 of actual values although uncertainties are a lot greater than this beyond the
immediate future. Changes in climate in the future could affect sea levels and water
flows, which could have a significant effect on activity concentrations and hence
doses. An increasingly important factor for some radionuclides is the remobilisation
of radionuclides from sediments. It appears that this is currently represented
adequately in the model but that may change. For the model to remain adequate in the
future, further work may be required to reflect changes in the marine environment or
in the location and nature of future discharges. The results presented above show the
importance of programmes of work to measure activity concentrations in a range of
aquatic media for important radionuclides. Such programmes must be maintained to
provide confidence in future studies of the radiological impact of radioactivity in
North European waters.

The assessment for discharges from the NORM industries is considered to be more
uncertain than that for the nuclear industry discharges. The discharges of naturally
occurring radionuclides in the produced water from the oil and gas industries are not
currently regulated and hence discharges are not reported and have to be estimated.
Reporting these and all other NORM discharges would improve the accuracy of the
assessment. Better data on the amount of time people spend on the shoreline would be
valuable to improve the accuracy of the study. Trends in seafood catch data and
people’s intakes should also be kept under review, as should the adequacy of the
model predictions to ensure that they remain robust.

Conclusions

The following conclusions can be drawn from this study:

. Collective dose rates to the population of the European Union from
anthropogenic sources of radioactivity in North European waters have reduced
from a peak of about 760 man Sv y in 1984 to just under 220 man Svy” in
2000.

. These values can be compared with an annual collective dose to the population
of the European Union from natural radionuclides in the marine environment
of 17 000 man Sv and an annual collective dose of 844 000 man Sv from all
sources of natural background radiation.
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The integrated collective dose to 2500 to the population of the European
Union from the known discharges to 2000 is estimated to be 19 700 man Sv.
This would increase to 25 500 man Sv if discharges continue to 2020 at 2000
rates.

For discharges from the nuclear industry, most of the integrated collective
dose is from discharges before 2000. If discharges continue to 2020 at 2000
rates this will only increase the integrated collective dose from about 5110 to
about 5250 man Sv, within the uncertainty in the result.

The biggest contributor to the collective doses is discharges from the NORM
industries, particularly the phosphate industry. As discharges from the
phosphate industry into North European waters have fallen, discharges of
radionuclides with produced water from the oil and gas industry have become
more important.

Polonium-210 is the most important radionuclide in determining radiation
doses. It is discharged directly from the NORM industries and is also a decay
product of discharges of radium-226 and lead-210. The estimate of radiation
dose for this radionuclide must be regarded as particularly uncertain.

A detailed comparison of the model results of activity concentrations with
measured values gives confidence in the use of the models for assessing
collective doses. However, the uncertainties associated with such assessment
should be recognised.

Uncertainties are greater for future doses than they are for current or past
doses. For example, future changes in sea levels, water movements and the
amount of seafood caught will all effect the dose estimation.
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Table 1

MARINA II regional marine compartments

Compartment Compartment Name Compartment Compartment Name

Number Number

1 Other Oceans 37 Liverpool and Morecambe Bays
2 Atlantic North N.E. (surface 0-1000m) 38 Celtic Sea

3 Atlantic North N.E. (middle 1000-2000m ) 39 Bristol Channel

4 Atlantic North N.E. (bottom 2000-4000m) 40 Bay of Biscay

5 Atlantic North N.W. (surface 0-1000m) 41 French Continental Shelf

6 Atlantic North N.W. (middle 1000-2000m) 42 Cantabrian Sea

7 Atlantic North N.W. (bottom 2000-4000m) 43 Portuguese Continental Shelf
8 Atlantic North S.E. (surface 0-1000m) 44 Gulf of Cadiz

9 Atlantic North S.E. (middle 1000-2000m) 45 Mediterranean Sea

10 Atlantic North S.E. (bottom 2000-4000m) 46 English Channel W.

11 Atlantic North S.W. (surface 0-1000m) 47 Channel Islands

12 Atlantic North S.W. (middle 1000-2000m) 48 Cap de la Hague

13 Atlantic North S.W. (bottom 2000-4000m) 49 Lyme Bay

14 Atlantic S. (surface 0-1000m) 50 Baie de la Seine

15 Atlantic S. (bottom 1000-3000m) 51 Sam’s Beach

16 Arctic Ocean 52 Central Channel S.E.

17 Arctic S. (surface 0-1000m) 53 Central Channel N.E.

18 Arctic S. (bottom 1000-3000m) 54 Isle of Wight

19 Spitzbergen 55 North Sea S.W.

20 Kara Sea West (K1) 56 North Sea S.E.

21 Kara Sea Novaya Zemlya Trough (K1a) 57 North Sea Central

22 Kara Sea East (K2) 58 North Sea E.

23 Barents Sea (B1) 59 North Sea N.

24 Barents Sea (B2) 60 Skagerrak

25 Barents Sea (B3) 61 Kattegat (surface 0-20m)

26 Barents Sea (B4) 62 Kattegat (bottom 20-120m)
27 Norwegian Waters 63 Belt Sea (surface 0-14m)

28 Scottish Waters W. 64 Belt Sea (bottom 14-44m)

29 Scottish Waters E. 65 Bothnian Bay

30 Irish Sea N.W. 66 Bothnian Sea

31 Irish Sea N. 67 Baltic Sea W. (surface 0-49m)
32 Irish Sea N.E. 68 Baltic Sea E. (surface 0-53m)
33 Irish Sea W. 69 Baltic Sea W. (bottom 49-159m)
34 Irish Sea S.E. 70 Baltic Sea E. (bottom 53-163m)
35 Cumbrian Waters 71 Gulf of Finland

36 Irish Sea S. 72 Gulf of Riga
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Table 2 Element-specific modelling parameters

Concentration Factor (Bq t1)/(Bq m™)

Sediment partition coefticient
(Bq t1)/(Bq m*)

Element Fish Crustaceans  Molluscs Regional Coastal

H 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
C 2.00E+04 2.00E+04 2.00E+04 2.00E+03 2.00E+03
Na 1.00E-01 1.00E+01 3.00E+01 1.00E+00 1.00E-01
P 2.00E+04 1.00E+04 1.00E+04 1.00E+02 1.00E+01
S 2.00E+00 1.00E+00 4.00E+00 1.00E+00 5.00E+01
Ca 2.00E+00 5.00E+00 1.00E+00 1.00E+02 5.00E+02
Cr 2.00E+02 5.00E+02 8.00E+02 5.00E+04 5.00E+04
Mn 4.00E+02 5.00E+02 5.00E+04 2.00E+08 2.00E+05
Fe 5.00E+02 5.00E+03 3.00E+04 5.00E+07 5.00E+04
Co 1.00E+03 1.00E+04 5.00E+03 1.00E+07 2.00E+05
Ni 1.00E+03 1.00E+03 2.00E+03 1.00E+06 1.00E+05
Zn 1.00E+03 5.00E+04 3.00E+04 2.00E+05 2.00E+04
Y 2.00E+01 1.00E+03 1.00E+03 2.00E+06 1.00E+07
Sr 2.00E+00 2.00E+00 1.00E+00 2.00E+02 1.00E+03
Zr 2.00E+01 2.00E+02 5.00E+03 5.00E+05 1.00E+06
Tc 3.00E+01 1.00E+03 1.00E+03 1.00E+03 1.00E+02
Ru 2.00E+00 1.00E+02 2.00E+03 1.00E+03 3.00E+02
Ag 5.00E+02 5.00E+03 1.00E+04 1.00E+04 1.00E+03
Te 1.00E+03 1.00E+03 1.00E+03 1.00E+03 1.00E+03
Sb 4.00E+02 2.50E+01 2.00E+01 5.00E+02 1.00E+03
I 1.00E+01 1.00E+01 1.00E+01 2.00E+02 2.00E+01
Ba 1.00E+01 1.00E+00 2.00E+01 1.00E+04 5.00E+03
Cs 1.00E+02 3.00E+01 3.00E+01 2.00E+03 2.30E+02
Ce 5.00E+01 1.00E+03 2.00E+03 1.00E+08 2.00E+06
Pm 5.00E+02 1.00E+03 5.00E+03 1.00E+06 2.00E+06
Eu 3.00E+02 1.00E+03 7.00E+03 4.00E+06 5.00E+05
Ta 6.00E+01 3.00E+03 3.00E+03 5.00E+04 2.00E+05
Pb 2.00E+02 1.00E+03 1.00E+03 3.00E+07 5.00E+03
Po 2.00E+04 5.00E+04 1.00E+04 2.00E+07 1.00E+04
Ra 5.00E+02 1.00E+02 1.00E+03 3.00E+04 5.00E+03
Ac 5.00E+01 1.00E+03 1.00E+03 2.00E+06 2.00E+06
Th 6.00E+02 1.00E+03 1.00E+03 5.00E+06 2.00E+06
U 1.00E+00 1.00E+01 3.00E+01 5.00E+02 1.00E+03
Pu 1.00E+02 2.00E+02 3.00E+03 1.00E+05 1.00E+05
Am 1.00E+02 5.00E+02 2.00E+04 2.00E+06 2.00E+06
Cm 5.00E+01 5.00E+02 3.00E+04 2.00E+06 2.00E+06
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Table 3

Site-specific local compartment parameters

Site Adjacent Exchange rate Volume Depth  Sedimentation SSL
regional rate
compartment

km® y'! m’ m tm?y! tm>
Aldermaston 55 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Almaraz 1+2 43 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Amersham 55 4.00E+00 2.00E+08 10 1.00E-04 2.00E-04
Barrow 37 4.00E+09 2.00E+08 10 5.00E-03 2.00E-04
Barsebdck 142 63 1.00E+11 5.00E+09 20 7.50E-04 1.00E-05
Belleville 1+2 41 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Berkeley A+B 39 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Beznau 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Biblis 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Blayais 1+2+3+4 41 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Borssele 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Bradwell A+B 55 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Brokdorf (KBR) 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Brunsbiittel (KKB) 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Capenhurst 37 8.00E+10 2.00E+09 20 5.00E-03 1.00E-04
Cardiff 39 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Cattenom 1+2+3+4 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Chapelcross A+B+C+D 32 1.00E+11 5.00E+09 20 5.00E-03 1.00E-05
Chinon 41 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Chooz 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Dampierre 1+2+3+4 41 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Devonport 46 4.00E+09 2.00E+08 10 2.00E-04 1.00E-04
Doel 1+2+3+4 56 4.00E+09 2.00E+08 10 1.10E-04 2.00E-04
Dodewaard 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Dounreay (site) 29 1.60E+11 3.20E+09 40 1.00E-04 1.00E-06
Dungeness AA+AB 54 8.00E+10 2.00E+09 20 1.00E-04 1.00E-05
Emsland (KKE) 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Faslane 28 1.00E+11 5.00E+09 20 1.00E-04 1.00E-05
Fessenheim 142 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Flamanville 1+2 47 1.00E+11 5.00E+09 20 1.00E-04 1.00E-05
Golfech 1+2 41 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Gosgen 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Grafenrheinfeld 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Gravelines 1+2+3+4+5+6 56 8.00E+10 2.00E+09 20 2.00E-04 1.00E-05
Grohnde (KWG) 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Hartlepool 57 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Harwell 55 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Heysham 37 8.00E+09 1.00E+08 10 4.90E-03 1.00E-05
Hinkley Point AA+AB 39 1.00E+11 5.00E+09 20 1.00E-04 2.00E-04
Hunterston 28 1.00E+11 5.00E+09 20 1.00E-04 1.00E-05
Jose Cabrera (Zorita) 43 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Kahl 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Karlsruhe 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Kriimmel/Geesthacht 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
La Hague (site) 48 8.00E+10 2.00E+09 20 1.02E-04 1.00E-05
Leibstadt 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Muelheim-Kaerlich (KMK) 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Miihleberg 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Neckarwestheim 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Nogent 1+2 50 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Obrigheim (KWO) 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Oldbury AA+AB 39 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Paluel 1+2+3+4 51 4.00E+09 2.00E+08 10 5.00E-05 1.00E-05

Page T3



Table 3 (cont’d)

Site Adjacent Exchange rate Volume Depth  Sedimentation SSL
regional rate
compartment
km® y'! m’ m tm?y! tm>

Penly 1+2 51 8.00E+10 2.00E+09 20 1.00E-04 1.00E-05
Philippsburg 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Rheinsberg 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Ringhals 61 1.00E+11 5.00E+09 20 7.50E-04 1.00E-05
Rise 63 4.00E+09 2.00E+08 10 5.00E-04 2.00E-04
Rosyth 29 1.00E+11 5.00E+09 20 1.00E-04 1.00E-05
Sellafield 35 5.00E+11 2.00E+09 20 1.00E-02 5.00E-06
Sizewell 55 1.10E+10 3.00E+08 10 1.00E-04 8.00E-05
Springfields 37 4.00E+09 2.00E+08 10 5.00E-03 2.00E-04
St Laurent 41 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Stade (KKS) 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Tihange 142+3 56 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Torness 1+2 57 8.00E+10 2.00E+09 20 1.00E-04 1.00E-05
Trawsfynydd 36 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Trillo 43 4.00E+09 2.00E+08 10 2.00E-04 2.00E-04
Unterweser (KKU) 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Winfrith 49 4.00E+10 2.00E+09 20 1.02E-04 1.00E-05
Wiirgassen (KWW) 58 4.00E+09 2.00E+08 10 1.00E-04 2.00E-04
Wylfa A+B 33 4.00E+10 2.00E+09 20 5.00E-03 1.00E-05
Table 4 Generic local compartment parameters

Parameter Value

Sediment reworking rate (m y™) 5.00E-03

Pore water turnover rate (y‘l) 1.00

Diffusion (m? y™) 3.15 E-02

Density (t m™) 2.6

Porosity 0.75
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Table 5

sources/discharges (man Sv y'l)

Collective dose rates to the European Union population due to all

Year of collective dose rate

2000 2020 2500
Industry/Source Discharges up to  Discharges Discharges up to  Discharges
2000 only continue to 2020 |2000 only continue to 2020

Baltic Flux* 2.05E-01 1.72E-02 1.72E-02 1.04E-08 1.04E-08
Chernobyl* 4.67E-01 1.78E-01 1.78E-01 1.84E-07 1.84E-07
Fallout* 7.07E+00 4.99E+00 4.99E+00 3.72E-01 3.72E-01
Isotope production 9.97E-02 5.92E-03 1.08E-01 1.34E-04 3.28E-04
Total NORM 1.95E+02 7.53E+01 2.00E+02 4.72E-01 1.04E+00
Total Nuclear 1.40E+01 4.54E+00 1.08E+01 1.05E-01 1.08E-01
UK Military 1.75E-05 5.74E-07 1.18E-05 2.00E-23 9.02E-23
Grand Total 2.17E+02 8.50E+01 2.16E+02 9.50E-01 1.52E+00

* Source term data only available up to 2000

Table 6

sources/discharges (man Sv)

Year of collective dose truncation

Integrated collective doses to the European Union population due to all

2000 2020 2500
Industry/Source Discharges up to  Discharges Discharges up to  Discharges
2000 only continue to 2020 {2000 only continue to 2020
Baltic Flux* 8.59E+00 9.51E+00 9.51E+00 9.83E+00 9.83E+00
Chernobyl* 4.96E+01 5.54E+01 5.54E+01 6.04E+01 6.04E+01
Fallout* 6.75E+02 7.94E+02 7.94E+02 1.40E+03 1.40E+03
Isotope production 1.37E+00 1.59E+00 3.46E+00 1.95E+00 4.55E+00
Total NORM 8.27E+03 1.02E+04 1.20E+04 1.31E+04 1.88E+04
Total Nuclear 4.52E+03 4.64E+03 4.76E+03 5.11E+03 5.25E+03
UK Military 5.38E-04 6.19E-04 8.05E-04 6.23E-04 8.54E-04
Grand Total 1.35E+04 1.57E+04 1.76E+04 1.97E+04 2.55E+04
Table 7 Collective dose rates to the European Union population for selected years
due to NORM discharges up to 2000 only (man Sv)
Year of collective dose rate

Industry Site 1984 2000 2020 2500

Baie de la Seine 3.71E+01 3.45E+00 1.61E+00 3.34E-03

Cumbrian Waters 2.48E+02 3.73E+01 1.72E+01 1.55E-02

Gulf of Cadiz 3.45E-01 8.50E-01 2.98E-01 6.93E-03
Phosphates .

Irish Sea NW 1.25E+01 6.87E-01 3.30E-01 4.23E-04

Kattegat 3.23E+01 2.36E-02 9.52E-03 3.41E-04

North Sea SE 2.51E+02 7.69E+01 1.48E+01 4.35E-02

Denmark North Sea Central 7.37E-01 7.63E+00 3.89E+00 1.28E-02

Netherlands North Sea SE 8.49E-01 1.85E+00 7.69E-01 3.32E-03

Norway North Sea Central 2.88E+00 1.76E+01 1.03E+01 3.47E-02
Oil &Gas Norway North Sea North 1.57E+00 8.86E+00 3.22E+00 1.34E-01

UK North Sea Central 1.38E+01 3.02E+01 1.90E+01 6.66E-02

UK North Sea N 4.62E+00 8.00E+00 3.50E+00 1.50E-01

UK North Sea SW 7.01E-01 1.84E+00 3.01E-01 4.09E-04
Total 6.06E+02 1.95E+02 7.53E+01 4.72E-01
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Table 8 Integrated collective doses to the European Union population due to
nuclear industry discharges (man Sv)

Year of collective dose truncation

Site 1990 2000 2020 2500

Discharges up Discharges to |Discharges up Discharges to

to 2000 only 2020 to 2000 only 2020
Nuclear Power Stations 1.85E+01 2.01E+01 2.10E+01 2.20E+01 2.43E+01 2.54E+01
Other Nuclear 3.81E+01 4.04E+01 4.27E+01 4.30E+01 5.52E+01 5.54E+01
La Hague 5.58E+02 6.00E+02 6.08E+02 6.73E+02 6.23E+02 7.00E+02
Sellafield 3.74E+03 3.86E+03 3.97E+03 4.02E+03 4.41E+03 4.47E+03
Total 4.35E+03 4.52E+03 4.64E+03 4.76E+03 5.11E+03 5.25E+03
Table 9 Collective dose rates by affected country due to all sources/discharges

(man Sv y'l)

Year of collective dose rate
1987 1997 2007 2500

Country Discharges up Discharges  Discharges up Discharges
to 2000 only continue to to 2000 only continue to
2020 2020
Austria 2.31E+00 1.40E+00 4.84E-01 9.16E-01 2.97E-03 5.06E-03
Belgium 3.82E+01 2.18E+01 5.68E+00 1.15E+01 2.99E-02 5.01E-02
Denmark 5.60E+01 3.03E+01 1.17E+01 2.23E+01 9.36E-02 1.48E-01
Finland 9.47E-01 4.52E-01 1.87E-01 3.41E-01 2.05E-03 3.32E-03
France 1.07E+02 4.83E+01 1.58E+01 2.88E+01 1.42E-01 2.24E-01
Germany 8.26E+01 5.03E+01 1.86E+01 3.48E+01 1.35E-01 2.21E-01
Greece 1.71E+00 9.33E-01 3.52E-01 6.22E-01 4.25E-03 7.07E-03
Ireland 2.35E+01 5.58E+00 3.20E+00 3.77E+00 3.33E-02 5.32E-02
Italy 3.00E+01 1.56E+01 5.18E+00 9.49E+00 3.51E-02 5.69E-02
Netherlands 5.55E+01 3.39E+01 9.61E+00 1.90E+01 6.23E-02 1.05E-01
Portugal 9.49E+00 5.30E+00 2.19E+00 3.71E+00 4.28E-02 5.83E-02
Spain 4.52E+01 2.02E+01 7.75E+00 1.30E+01 1.00E-01 1.45E-01
Sweden 2.75E+01 8.18E+00 2.99E+00 6.39E+00 2.26E-02 3.52E-02
UK. 1.61E+02 6.86E+01 2.86E+01 4.79E+01 2.57E-01 4.24E-01
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Table 10 Per caput doses in European Union countries due to all

sources/discharges (microSv y'l)

Year of per caput dose rate

1987 1997 2007 2500

Country Discharges up Discharges  Discharges up Discharges
to 2000 only continue to to 2000 only continue to

2020 2020

Austria 2.86E-01 1.73E-01 5.99E-02 1.13E-01 3.68E-04 6.27E-04
Belgium 3.63E+00 2.08E+00 5.41E-01 1.09E+00 2.85E-03 4.78E-03
Denmark 1.07E+01 5.78E+00 2.24E+00 4.25E+00 1.79E-02 2.83E-02
Finland 1.85E-01 8.81E-02 3.65E-02 6.65E-02 3.99E-04 6.48E-04
France 1.84E+00 8.29E-01 2.72E-01 4.95E-01 2.44E-03 3.85E-03
Germany 1.01E+00 6.14E-01 2.27E-01 4.26E-01 1.64E-03 2.69E-03
Greece 1.62E-01 8.89E-02 3.35E-02 5.92E-02 4.05E-04 6.73E-04
Ireland 6.49E+00 1.54E+00 8.83E-01 1.04E+00 9.17E-03 1.46E-02
Italy 5.23E-01 2.72E-01 9.03E-02 1.65E-01 6.12E-04 9.90E-04
Netherlands 3.58E+00 2.18E+00 6.20E-01 1.23E+00 4.02E-03 6.75E-03
Portugal 9.63E-01 5.37E-01 2.23E-01 3.76E-01 4.34E-03 5.91E-03
Spain 1.14E+00 5.09E-01 1.96E-01 3.29E-01 2.53E-03 3.65E-03
Sweden 3.12E+00 9.26E-01 3.38E-01 7.24E-01 2.55E-03 3.99E-03
UK. 2.74E+00 1.17E+00 4.87E-01 8.17E-01 4.39E-03 7.22E-03
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Figure 1

World regional marine compartments in MARINA II model
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Other oceans
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Figure 2 North European regional marine compartments in MARINA II model
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Figure 3 Irish Sea regional marine compartments in MARINA II model

Figure 4 English Channel regional marine compartments in MARINA II model
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Figure 5 Generic water:sediment compartment structure in MARINA II model
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Figure 6 Collective dose rates by source to the European Union population due to
discharges up to 2000 only
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Figure 8 Breakdown of contribution by discharge/source of the collective dose
truncated at 2500 received by the European Union population due to discharges up to
2000 only
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Figure 9 Collective dose rates by major source to the European Union population
for discharges/sources up to 2000 only and continuing to 2020
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Figure 10 Collective dose rates to the European Union population due to NORM
sites from discharges up to 2000 only
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Figure 11 Breakdown of contribution of NORM sites to the collective dose rate
received by the European Union population in 2000
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Figure 12 Collective dose rates to the European Union population by radionuclide
for NORM sites due to discharges up to 2000 only
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Figure 13 Breakdown of contribution by radionuclide discharged by the NORM
industries to the collective dose rate received by the European Union population in 2000
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Figure 14 Collective dose rates to the European Union population due to NORM
sites assuming discharges continue to 2020
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Figure 15 Collective dose rates to the European Union population due to nuclear
industries from discharges up to 2000 only
300 ;
Discharges up E O Nuclear Power Stations
to 2000 only E O Other Nuclear
E B La Hague
250 ; o Sellafield I
s s
> ' '
»n 200 T i
c : H
© ' 1
£ : :
g : i |
S : !
2 150 i i
o ! ! Change to 5 year
® ! time intervals
2 i i
g 100 -
° ; 1
(] ; i
50 ||‘ i i
0 LNttt B ‘IIII ;
N B O v~ I I O M © O N IO O «~— I N O M © &N I 0 10 O 1B O uvu O
B WV W O© © © MM NN O O O OO OO O © O O O v v «— N & I N~ O O
D OO O O OO O OO O OO OO O O O O O 0O O O O O O O O O O O O O
Al L o i I S i el R e e o\ B o [ oV A oN I oV A o I oV I o Y o\ A oV NN oV AN o\ Y o]
Year
Figure 16 Breakdown of contribution by nuclear industries to the collective dose

rate received by the European Union population in 2000
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Figure 17

for nuclear sites due to discharges up to 2000 only

Collective dose rates to the European Union population by radionuclide

300

250

200

150

Collective dose rate (man Sv y'1)

50

Discharges up
to 2000 only

O Others
@ Pu-241

B Pu-239
0O Pu-238

oc-14
0 Am-241
0OCs-134

100 g
I

B Ru-106
B Cs-137

Change to 5 year

time intervals

i“‘“‘E‘!‘!‘!‘!;I‘I‘!‘!‘WWW

L0 Lt
N Vv v © © © N~ N~ I I 0 O © O o O ™ T g < nu N~ 0 O
D OO O O D OO O O O O O O O O O O 9O O O O O O o o o O O
- v - v v v - v v v v v v v v v NN N N dJd N QN
Year
Figure 18 Breakdown of contribution by radionuclide discharged by the nuclear

industries to the collective dose rate received by the European Union population in 2000
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Figure 19 Breakdown of contribution by radionuclides discharged from the nuclear
industry of the collective doses truncated at 2500 received by the European Union
population due to discharges up to 2000 only
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Figure 20 Collective dose rates to the European Union population due to nuclear
industries assuming discharges continue to 2020
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Figure 21 Collective dose rates to the European Union population from major
sources compared with naturally occurring radioactivity
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Figure 22

Estimated and measured activity concentrations of technetium-99 in
filtered seawater for selected marine compartments, averaged between 1990 and 2000
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Figure 23

Estimated and measured activity concentrations of caesium-137 in fish

(wet weight) for selected marine compartments, averaged between 1990 and 2000
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Figure 24 Estimated and measured activity concentrations of plutonium-239 in
filtered seawater for selected marine compartments, averaged between 1990 and 2000
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Appendix A - Technical description of MARINA II compartment
marine dispersion model

1

2.1

Introduction

The task of Working Group D of the MARINA II project was to assess the radiation
exposures to the member states of the European Union from radioactivity in north
European waters. To fulfil this work, a model representing the dispersion of
radionuclides in the marine environment was required. The previous MARINA
project (CEC, 1990) developed a model (MARIN I) that has been used as the basis for
the revised model given in this appendix. The original model consisted of 44
compartments representing northern European waters and relevant adjacent seas. The
revised model expands upon the original model by increasing the resolution of the
model in necessary locations such as previously poorly represented areas and in
adjacent seas. The revised model consists of 72 compartments alongside a revised
sedimentation model. This appendix provides a full technical description of the
revised marine model as implemented within project MARINA 11

Revised Marine Model
Geographical compartmental structure

The revised model, called MARINA 11, has an increased number of compartments
over the previous MARINA model. The purpose of these increases is to address
inadequacies in the previous model and to include recent modelling development
(Lepicard and D'Ascenzo, 2000; Lepicard, 2001). The new model consists of 72
compartments as shown in Figures 1, 2, 3 and 4. Modifications have specifically been
made to the Atlantic Ocean, English Channel and the Barents Sea. A list of
compartment numbers is provided in Table 1.

Arctic Ocean

Other oceans

Figure 1 — World marine compartments in MARINA II model
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Figure 2 — North European regional compartments in MARINA II model
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Figure 3 — Irish Sea regional compartments in MARINA II model

Figure 4 — English Channel regional compartments in MARINA II model
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Table 1 Marina II model regional compartment names

Compartment ~ Compartment Name Compartment Compartment Name

Number Number

1 Other Oceans 37 Liverpool and Morecambe Bays
2 Atlantic North N.E. (surface 0-1000m) 38 Celtic Sea

3 Atlantic North N.E. (middle 1000-2000m ) 39 Bristol Channel

4 Atlantic North N.E. (bottom 2000-4000m) 40 Bay of Biscay

5 Atlantic North N.W. (surface 0-1000m) 41 French Continental Shelf

6 Atlantic North N.W. (middle 1000-2000m) 42 Cantabrian Sea

7 Atlantic North N.W. (bottom 2000-4000m) 43 Portuguese Continental Shelf
8 Atlantic North S.E. (surface 0-1000m) 44 Gulf of Cadiz

9 Atlantic North S.E. (middle 1000-2000m) 45 Mediterranean Sea

10 Atlantic North S.E. (bottom 2000-4000m) 46 English Channel W.

11 Atlantic North S.W. (surface 0-1000m) 47 Channel Islands

12 Atlantic North S.W. (middle 1000-2000m) 48 Cap de la Hague

13 Atlantic North S.W. (bottom 2000-4000m) 49 Lyme Bay

14 Atlantic S. (surface 0-1000m) 50 Baie de la Seine

15 Atlantic S. (bottom 1000-3000m) 51 Sam’s Beach

16 Arctic Ocean 52 Central Channel S.E.

17 Arctic S. (surface 0-1000m) 53 Central Channel N.E.

18 Arctic S. (bottom 1000-3000m) 54 Isle of Wight

19 Spitzbergen 55 North Sea S.W.

20 Kara Sea West (K1) 56 North Sea S.E.

21 Kara Sea Novaya Zemlya Trough (K1a) 57 North Sea Central

22 Kara Sea East (K2) 58 North Sea E.

23 Barents Sea (B1) 59 North Sea N.

24 Barents Sea (B2) 60 Skagerrak

25 Barents Sea (B3) 61 Kattegat (surface 0-20m)

26 Barents Sea (B4) 62 Kattegat (bottom 20-120m)

27 Norwegian Waters 63 Belt Sea (surface 0-14m)

28 Scottish Waters W. 64 Belt Sea (bottom 14-44m)

29 Scottish Waters E. 65 Bothnian Bay

30 Irish Sea N.W. 66 Bothnian Sea

31 Irish Sea N. 67 Baltic Sea W. (surface 0-49m)
32 Irish Sea N.E. 68 Baltic Sea E. (surface 0-53m)
33 Irish Sea W. 69 Baltic Sea W. (bottom 49-159m)
34 Irish Sea S.E. 70 Baltic Sea E. (bottom 53-163m)
35 Cumbrian Waters 71 Gulf of Finland

36 Irish Sea S. 72 Gulf of Riga

2.2 Sedimentation compartment structure

Two types of marine environment are defined for the purpose of modelling: deep and coastal.
These two environments are chosen to represent the differences apparent in rates of processes
in the deep ocean compared to that in the coastal environment. These differences can be
influenced by many factors, such as sediment exchangeability and abundance of biota.
Therefore, for coastal compartments, i.e. depths less than 200m, different parameter values
for diffusion, sediment reworking and porewater turnover are listed in Table 2.
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Water column

A
Ml A2

Upper sediment
PP ¢ 0.1m

A
7»3l A4

Middle sediment ¢ 1.9m

]

Deep sediment

Figure 5 — Generic water:sediment compartment structure

For each water compartment directly in contact with the seabed (see section 2.5), the
compartment structure shown in figure 5 is required to represent sedimentation.

D
b.min(b,c)’
sediment of the relevant two layers between which diffusion occurs. However, for all
equations below, the diffusion term of the equation has been evaluated using the sediment

layer depths shown in figure 5. Should these depths change, then the equations will require
re-evaluation.

The diffusion term is fully represented as: where b and ¢ are the depths of

23 Sedimentation equations

The transfers between water and sediment compartments presented in Figure 5 are
represented as follows:

A1 = Particle scavenging + Molecular diffusion + Porewater mixing + Particle mixing

B Sk, N D N R;.eL, N R, .p-k,.(1-¢)
" WD.(1+k,a) LWD.(1+k,a) WD.(1+k,a) WD.(1+k,.c)
(1)

Where:

k4 = sediment distribution coefficient m’ t!

S = sedimentation rate t m™ y”' (Mitchell et al. 1999)

a = suspended sediment load t m™ (Mitchell et al. 1999)
D = diffusion (see Table 2)

WD = Water layer depth, m
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L; = upper sediment thickness (see Table 2)
¢ = sediment porosity (see Table 2)
Ry = Pore-water turn over rate = 1 y"' (Mitchell et al. 1999) for shallow seas (up to
200m depth), assume 0.1 per year for deep ocean
Ry = sediment reworking rate = 5 10° m y™' (Mitchell et al. 1999) for shallow seas
(up to 200m depth); 5 10™ for deep seas
(Values of Rt and Ry for deep oceans taken from COLDOS (MacKenzie and
Nicholson, 1987))
p = Density (see Table 2)

A2 = Molecular diffusion + porewater mixing + particle mixing

D.F R,(1-F.)
=—S4+R F .+ W S7

A Lt2.8 TS L, (2)

Where:

D = diffusion

L; = upper sediment depth

€ = sediment porosity

Rr= Pore-water turn over rate = (see above)
Rw = sediment reworking rate = (see above)

1
1 kap (=) ®
&

Fy =

F; is equivalent to 1/R (R = retardation coefficient) in (Simmonds et al. 1995)

A3 = sedimentation + diffusion

(1-F,)S _DF,

A = p.L,.(1-¢) Lt2 @

A4 = diffusion

_ED
L ©

m

A4
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L, = middle sediment depth (1.9m)

As = sedimentation

_ (1-F)S
° L.(1-¢).p ©)

2.4 Advective fluxes

For advective transfers, either vertically between water layers or horizontally between
compartments, the following equation should be used:

Water exchange rate from xtoy

k =
Xy Volume of x

The parameter, ky y represents the transfer rate (y") between compartment x and compartment
y. This value is used to derive a first order differential equation representing inputs (e.g.
discharges and incoming fluxes) and losses (e.g. decay, sedimentation and outgoing fluxes)
from a model compartment.

2.5 Compartment and flux parameters

The parameters required for implementation of the model are contained in Tables 2 and 3.
Table 2 describes the dimensions of the compartments and the key modelling parameters
required for each compartment. A 1’ in the BC column of Table 2 indicates bottom layer
compartments for which sediment compartments should be modelled. In general, radionuclide
transport is modelled by an advective flux representing the action of currents. However, it
should be noted that for deep compartments, especially in the Atlantic Ocean region,
turbulent diffusion may have a significant contribution to radionuclide transport (in particular
for vertical transport). Accordingly, turbulent diffusion has been modelled, where necessary,
using a diffusion flux, complementary to the advective flux. Table 3 describes the fluxes
between the compartments as advective and diffusive fluxes. These are summed to provide a
total flux for implementation in the model.
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Table 2: MARINA II model: Regional compartment characteristics

N° [Coa| Up | BC Vol Sed Dp SS Dp Sed Up | Dp Sed Mid [PW Turnover|Sed Rework Por Dens Diff
1 0of of 1 8.98E+17 3.00E-06 3.80E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
2l of of o 1.02E+16 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
3] of 2[ O 1.00E+16 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
41 o] 3] 1 2.10E+16 3.00E-06 2.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
5/ 0of Of O 8.80E+15 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
6] Of 5 0O 1.14E+16 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
71 0] 6 1 2.18E+16 3.00E-06 2.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
8/ 0of Of O 5.80E+15 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
9] of 8 0O 1.60E+16 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
10 0o 9| 1 3.51E+15 3.00E-06 2.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
11 0] 0 O 8.00E+15 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
12 0] 11| O 2.20E+16 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
13( 0 12| 1 5.92E+15 3.00E-06 2.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
14 0] 0 O 7.45E+16 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
15 0| 14| 1 2.05E+17 3.00E-06 2.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
16 0 0o 1 1.69E+16 1.00E-05 1.20E+03 1.00E-07 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
17 0] 0 O 4.80E+15 3.00E-06 1.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
18 0| 17| 1 2.28E+16 3.00E-06 2.00E+03 1.00E-08 1.00E-01 1.90E+00 1.00E-01 5.00E-04 3.00E-01 2.60E+00 3.15E-03
19( 0 o 1 8.00E+13 1.00E-05 1.20E+03 1.00E-07 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
20 1] 0] 1 1.20E+13 1.00E-05 1.90E+02 1.00E-07 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
21 1 0of 1 1.60E+13 1.00E-05 2.00E+02 1.00E-07 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
22 1] 0] 1 7.00E+13 1.00E-05 5.00E+01 1.00E-07 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
23 1] 0] 1 1.02E+14 1.00E-05 1.70E+02 1.00E-07 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
24 1] 0] 1 2.00E+13 1.00E-05 1.00E+02 1.00E-07 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
25 0| 0] 1 1.61E+14 1.00E-05 3.80E+02 1.00E-07 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
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Table 2 (cont’d)

N° [Coa| Up | BC Vol Sed Dp SS Dp Sed Up | Dp Sed Mid [PW Turnover|Sed Rework Por Dens Diff
26 1] 0] 1 2.00E+13 1.00E-05 1.00E+02 1.00E-07 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
27\ 0] 0] 1 1.00E+15 1.00E-05 1.20E+03 1.00E-07 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
28 1] 0] 1 1.00E+13 1.00E-04 1.10E+02 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
29 1] 0] 1 3.00E+12 1.00E-04 1.10E+02 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
30 1 of 1 4.08E+11 1.00E-04 9.30E+01 2.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
31 1 0of 1 6.10E+10 1.00E-04 3.40E+01 2.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
321 1 of 1 5.20E+10 1.00E-04 2.40E+01 3.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
331 1 of 1 6.62E+11 1.00E-03 6.30E+01 3.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
34 1 of 1 1.62E+11 1.00E-04 3.10E+01 2.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
351 1 of 1 3.80E+10 6.00E-03 2.80E+01 1.00E-05 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
36| 1 of 1 1.10E+12 1.00E-04 5.70E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
371 1 of 1 3.20E+10 5.00E-03 1.30E+01 3.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
38| 1 of 1 2.02E+13 1.00E-04 1.50E+02 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
391 1 of 1 1.00E+12 1.00E-04 5.00E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
40( 0| O] 1 6.50E+14 1.00E-05 4.00E+03 1.00E-07 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
41 0] 0] 1 3.50E+13 1.00E-04 3.50E+02 5.00E-07 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
42 0| 0] 1 3.00E+13 2.00E-04 7.60E+02 1.00E-06 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
43 0| 0] 1 1.50E+13 2.00E-04 4.90E+02 1.00E-06 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
44 0| 0] 1 2.30E+14 5.00E-05 1.70E+03 2.00E-07 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
45 0| 0] 1 3.91E+15 7.50E-05 1.40E+03 1.00E-06 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
46 1] 0] 1 1.41E+12 1.00E-04 7.77E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
47( 1] 0] 1 6.99E+11 1.00E-04 4.72E+01 3.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
48 1] 0] 1 6.16E+11 1.00E-04 6.68E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
49/ 1] 0] 1 2.01E+11 1.00E-04 3.95E+01 3.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
50 1 of 1 2.62E+11 1.00E-04 3.43E+01 3.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
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Table 2 (cont’d)

N° [Coa| Up | BC Vol Sed Dp SS Dp Sed Up | Dp Sed Mid [PW Turnover|Sed Rework Por Dens Diff
51 1 0of 1 9.94E+10 1.00E-04 2.53E+01 3.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
52| 1 of 1 4.08E+11 1.00E-04 4.90E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
53] 1 of 1 3.02E+11 1.00E-04 4.90E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
54| 1 of 1 1.53E+11 1.00E-04 2.95E+01 5.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
55| 1 o 1 4.50E+11 1.00E-04 3.10E+01 6.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
56| 1 O 1 9.50E+11 1.00E-04 3.70E+01 6.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
571 1 of 1 1.28E+13 1.00E-04 5.00E+01 6.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
58] 1| of 1 1.20E+12 1.00E-04 2.20E+01 6.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
59 of of 1 5.60E+13 1.00E-04 2.40E+02 6.00E-06 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
60| Of of 1 6.78E+12 5.00E-03 2.10E+02 1.00E-06 1.00E-01 1.90E+00 1.00E-01 5.00E-04 7.50E-01 2.60E+00 3.15E-02
61 1 Of O 3.20E+11 7.50E-04 2.00E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
62| 1| 61 1 2.00E+11 7.50E-04 1.00E+02 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
63] 1| O] O 1.50E+11 7.50E-04 1.40E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
64| 1| 63[ 1 1.40E+11 7.50E-04 3.00E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
65| 1| Of 1 1.48E+12 5.00E-04 4.10E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
66| 1| Of 1 4.89E+12 5.00E-04 6.20E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
67 1| O] O 3.79E+12 5.00E-04 4.90E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
68) 1| O] O 6.97E+12 5.00E-04 5.30E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
69| 1| 67 1 7.70E+11 5.00E-04 1.10E+02 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
70| 1| 68 1 1.53E+12 5.00E-04 1.10E+02 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
71 1 0of 1 1.10E+12 5.00E-04 3.70E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02
72| 1 of 1 4.05E+11 5.00E-04 2.30E+01 1.00E-06 1.00E-01 1.90E+00 1.00E+00 5.00E-03 7.50E-01 2.60E+00 3.15E-02




[1-V 98eq

Table 2 (cont’d)

Legend :

Coa Coastal compartment (depth<200m)
Up N° upper compartment

BC Bottom compartment

Vol Volume in m®

Sed Sed rate in t m? y'1

SS
Dp Sed

Dp Sed
Mid

Depth inm
Suspended sed. load in t m3

Depth of upper sed. layerin m

Depth of middle sed. layer in m

PW Turnover Pore-water turnover rate in y'1

Sed Rework  Sediment reworking rate in m y'1

Por

Dens

Diff

Porosity of bottom sediments

Density of bottom sediments in t m

Diffusion coefficient in m? y'1



Table 3: MARINA II model: Regional compartment characteristics

Orig | Originating compartment Dest. |Destination compartment Advection |Diffusion Total
No. No. (m’y) {m’y")  |m’y?)
1|Other oceans 14 |Atlantic South (surface) 5.36E+14 5.36E+14
1|Other oceans 15|Atlantic South (deep) 1.58E+14 1.58E+14
2|Atlantic North N.E. (surface water) 3|Atlantic North N.E. (middle) 3.19E+13| 3.19E+13
2|Atlantic North N.E. (surface water) 5|Atlantic North N.W. (surface) 1.74E+14 2.98E+13| 2.03E+14
2|Atlantic North N.E. (surface water) 8|Atlantic North S.E. (surface) 3.39E+14 4. 71E+13| 3.86E+14
2|Atlantic North N.E. (surface water) 17 |Arctic South (surface) 3.47E+14 3.47E+14
2|Atlantic North N.E. (surface water) 40|Bay of Biscay 6.70E+14 6.70E+14
2|Atlantic North N.E. (surface water) 42(Cantabrian Sea 1.11E+14 1.11E+14
2|Atlantic North N.E. (surface water) 43(Portuguese Continental Shelf 4.60E+14 4.60E+14
2|Atlantic North N.E. (surface water) 44 (Gulf of Cadiz 5.10E+14 5.10E+14
3|Atlantic North N.E. (middle water) 2|Atlantic North N.E. (surface) 2.00E+14 2.00E+14
3|Atlantic North N.E. (middle water) 4]Atlantic North N.E. (deep) 3.22E+13| 3.22E+13
3|Atlantic North N.E. (middle water) 6|Atlantic North N.W. (middle) 3.16E+13| 2.98E+13| 6.14E+13
3|Atlantic North N.E. (middle water) 9|Atlantic North S.E. (middle) 3.16E+13| 4.71E+13| 7.87E+13
4|Atlantic North N.E. (deep water) 9|Atlantic North S.E. (middle) 7.07E+13| 7.07E+13
4|Atlantic North N.E. (deep water) 10|Atlantic North S.E. (deep) 1.58E+13 4.36E+13| 5.93E+13
4|Atlantic North N.E. (deep water) 18|Arctic South (deep) 3.16E+13 3.16E+13
5(Atlantic North N.W. (deep water) 2|Atlantic North N.E. (surface) 3.79E+14 3.79E+14
5|Atlantic North N.W. (deep water) 6|Atlantic North N.W. (middle) 4.42E+13| 2.78E+13| 7.20E+13
5[Atlantic North N.W. (surface water) 11|Atlantic North S.W. (surface) 3.79E+14 5.93E+13| 4.38E+14
5[Atlantic North N.W. (surface water) 17|Arctic South (surface) 3.31E+13 3.31E+13
6|Atlantic North N.W. (middle water) 5|Atlantic North N.W. (surface) 2.76E+13 2.76E+13
6|Atlantic North N.W. (middle water) 7|Atlantic North N.W. (deep) 4.26E+13| 2.84E+13| 7.10E+13
6|Atlantic North N.W. (middle water) 12(Atlantic North S.W. (middle) 5.05E+13| 5.93E+13| 1.10E+14
6[Atlantic North N.W. (middle water) 18|Arctic South (deep) 1.34E+13 1.34E+13
7|Atlantic North N.W. (deep water) 12(Atlantic North S.W. (middle) 2.84E+13| 8.89E+13| 1.17E+14
7|Atlantic North N.W. (deep water) 13|Atlantic North S.W. (deep) 3.00E+14 5.48E+13| 3.55E+14
7|Atlantic North N.W. (deep water) 18|Arctic South (deep) 1.51E+13 1.51E+13
8|Atlantic North S.E. (surface water) 2|Atlantic North N.E. (surface) 4.81E+14 4.81E+14
8|Atlantic North S.E. (surface water) 9|Atlantic North S.E. (middle) 1.77E+13| 1.77E+13
8|Atlantic North S.E. (surface water) 11|Atlantic North S.W. (surface) 1.74E+14 2.63E+13| 2.00E+14
8|Atlantic North S.E. (surface water) 14 |Atlantic South (surface) 1.26E+14 5.76E+13| 1.84E+14
9|Atlantic North S.E. (middle water) 3|Atlantic North N.E. (middle) 4.73E+13 4.73E+13
9(Atlantic North S.E. (middle water) 10|Atlantic North S.E. (deep) 1.20E+13| 1.20E+13
9|Atlantic North S.E. (middle water) 12(Atlantic North S.W. (middle) 3.16E+13| 6.58E+13| 9.74E+13
9|Atlantic North S.E. (middle water) 15(Atlantic South (deep) 1.58E+13 1.44E+14| 1.60E+14
10|Atlantic North S.E. (deep water) 4]Atlantic North N.E. (deep) 3.16E+13 3.16E+13
10|Atlantic North S.E. (deep water) 15|Atlantic South (deep) 1.58E+13 5.33E+13| 6.91E+13
11|Atlantic North S.W. (surface water) 5|Atlantic North N.W. (surface) 5.76E+14 5.76E+14
11|Atlantic North S.W. (surface water) 8|Atlantic North S.E. (surface) 3.79E+14 3.79E+14
11|Atlantic North S.W. (surface water) 12(Atlantic North S.W. (middle) 7.89E+12| 2.52E+13| 3.31E+13
11|Atlantic North S.W. (surface water) 14 |Atlantic South (surface) 2.54E+13| 2.54E+13
12(Atlantic North S.W. (middle water) 6|Atlantic North N.W. (middle) 7.89E+12 7.89E+12
12|Atlantic North S.W. (middle water) 13|Atlantic North S.W. (deep) 2.52E+13| 2.52E+13
12(Atlantic North S.W. (middle water) 15(Atlantic South (deep) 1.10E+14| 6.35E+13| 1.74E+14
13|Atlantic North S.W. (deep water) 15|Atlantic South (deep) 3.00E+14 2.35E+13| 3.23E+14
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Table 3 (cont’d)

Orig. |Originating compartment Dest. |Destination compartment Advection |Diffusion Total
No. No. (m’y) |m’y) |m’y?)
14|Atlantic South (surface water) 1|Other oceans 1.74E+14 9.02E+13| 2.64E+14
14|Atlantic South (surface water) 8|Atlantic North S.E. (surface) 6.31E+13 6.31E+13
14|Atlantic South (surface water) 11|Atlantic North S.W. (surface) 4.10E+14 4.10E+14
14|Atlantic South (surface water) 15(Atlantic South (deep) 1.41E+14 1.89E+14| 3.30E+14
15|Atlantic South (deep water) 1|Other oceans 5.21E+14 3.09E+14| 8.30E+14
15|Atlantic South (deep water) 9|Atlantic North S.E. (middle) 6.31E+13 6.31E+13
15|Atlantic South (deep water) 10|Atlantic North S.E. (deep) 3.16E+13 3.16E+13
15|Atlantic South (deep water) 14 |Atlantic South (surface) 1.26E+14 1.26E+14
16|Arctic Ocean 17 |Arctic South (surface) 1.46E+14 1.46E+14
16|Arctic Ocean 25(Barents Sea (B3) 9.45E+12 9.45E+12
17|Arctic South (surface water) 2|Atlantic North N.E. (surface) 2.99E+13| 2.99E+13
17|Arctic South (surface water) 5|Atlantic North N.W. (surface) 5.76E+13 2.87E+13| 8.63E+13
17|Arctic South (surface water) 18|Arctic South (deep) 3.42E+14 1.64E+13| 3.58E+14
17|Arctic South (surface water) 19(Spitzbergen 1.00E+14 1.00E+14
17|Arctic South (surface water) 23(Barents Sea (B1) 4.97E+13 4.97E+13
17|Arctic South (surface water) 24 (Barents Sea (B2) 6.90E+12 6.90E+12
17|Arctic South (surface water) 28(Scottish Waters W. 1.04E+13 1.04E+13
17|Arctic South (surface water) 38|Celtic Sea 1.03E+13 1.03E+13
17|Arctic South (surface water) 59|North Sea N. 4.60E+13 4.60E+13
18|Arctic South (deep water) 3|Atlantic North N.E. (middle) 1.58E+13| 2.99E+13| 4.57E+13
18|Arctic South (deep water) 4]Atlantic North N.E. (deep) 1.58E+13 7.25E+13| 8.83E+13
18|Arctic South (deep water) 6|Atlantic North N.W. (middle) 5.05E+13| 2.87E+13| 7.92E+13
18|Arctic South (deep water) 7|Atlantic North N.W. (deep) 3.01E+14 6.96E+13| 3.70E+14
18|Arctic South (deep water) 17 |Arctic South (surface) 1.97E+13 1.97E+13
19|Spitzbergen 16|Arctic Ocean 8.00E+13 8.00E+13
19|Spitzbergen 17|Arctic South (surface) 2.00E+13 2.00E+13
20|Kara Sea (K1) 16|Arctic Ocean 5.36E+12 5.36E+12
20|Kara Sea (K1) 22|Kara Sea (K2) 2.84E+13 2.84E+13
20|Kara Sea (K1) 26(Barents Sea (B4) 9.45E+11 9.45E+11
22|Kara Sea (K2) 16|Arctic Ocean 2.93E+13 2.93E+13
23|Barents Sea (B1) 20(Kara Sea (K1) 1.89E+13 1.89E+13
23|Barents Sea (B1) 26(Barents Sea (B4) 7.31E+13 7.31E+13
23|Barents Sea (B1) 27 Norwegian Waters 3.15E+13 3.15E+13
24|Barents Sea (B2) 17 |Arctic South (surface) 1.89E+13 1.89E+13
25|Barents Sea (B3) 16|Arctic Ocean 6.30E+12 6.30E+12
25|Barents Sea (B3) 23(Barents Sea (B1) 9.45E+12 9.45E+12
26|Barents Sea (B4) 16|Arctic Ocean 3.62E+13 3.62E+13
26|Barents Sea (B4) 20(Kara Sea (K1) 1.58E+13 1.58E+13
26|Barents Sea (B4) 25(Barents Sea (B3) 6.30E+12 6.30E+12
27|Norwegian Waters 17 |Arctic South (surface) 3.15E+13 3.15E+13
27|Norwegian Waters 23(Barents Sea (B1) 4.80E+13 4.80E+13
27|Norwegian Waters 24 (Barents Sea (B2) 1.20E+13 1.20E+13
28|Scottish Waters W. 17 |Arctic South (surface) 9.00E+11 9.00E+11
28|Scottish Waters W. 29|Scottish Waters E. 1.07E+13 1.07E+13
28|Scottish Waters W. 30|Irish Sea N.W. 2.00E+11 2.00E+11
29|Scottish Waters E. 28|Scottish Waters W. 5.00E+11 5.00E+11
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Table 3 (cont’d)

Orig. |Originating compartment Dest. |Destination compartment Advection |Diffusion Total
No. No. (m’y) fm’y")  |m’y?)
29|Scottish Waters E. 57|North Sea Central 8.00E+12 8.00E+12
29|Scottish Waters E. 59|North Sea N. 2.40E+12 2.40E+12
30|Irish Sea N.W. 28|Scottish Waters W. 9.20E+11 9.20E+11
30|lIrish Sea N.W. 31|lrish Sea N. 3.33E+11 3.33E+11
30|lrish Sea N.W. 33|lrish Sea W. 5.00E+11 5.00E+11
31|lrish Sea N. 30|lrish Sea N.W. 8.33E+11 8.33E+11
31|lrish Sea N. 32|lrish Sea N.E. 1.83E+11 1.83E+11
31|lrish Sea N. 34|lrish Sea S.E. 1.73E+11 1.73E+11
32|lIrish Sea N.E. 31|lrish Sea N. 2.88E+11 2.88E+11
32|Irish Sea N.E. 35|Cumbrian Waters 1.00E+11 1.00E+11
33|lrish Sea W. 30|lrish Sea N.W. 7.20E+11 7.20E+11
33|lrish Sea W. 34|lrish Sea S.E. 9.33E+11 9.33E+11
33|lrish Sea W. 36|lrish Sea S. 6.00E+11 6.00E+11
34|lrish Sea S.E. 31|lrish Sea N. 5.68E+11 5.68E+11
34|lrish Sea S.E. 33|lrish Sea W. 4.33E+11 4.33E+11
34|lrish Sea S.E. 35|Cumbrian Waters 2.30E+11 2.30E+11
34|lrish Sea S.E. 36|lrish Sea S. 7.50E+10 7.50E+10
34|lIrish Sea S.E. 37|Liverpool and Morecambe Bays | 1.29E+11 1.29E+11
35|Cumbrian Waters 32|Irish Sea N.E. 2.05E+11 2.05E+11
35|Cumbrian Waters 34|Irish Sea S.E. 1.45E+11 1.45E+11
35|Cumbrian Waters 37|Liverpool and Morecambe Bays | 3.50E+10 3.50E+10
36|lrish Sea S. 33|lrish Sea W. 1.32E+12 1.32E+12
36|lrish Sea S. 34|lrish Sea S.E. 7.50E+10 7.50E+10
36|lrish Sea S. 38|Celtic Sea 6.00E+11 6.00E+11
37|Liverpool and Morecambe Bays 34|lrish Sea S.E. 1.09E+11 1.09E+11
37|Liverpool and Morecambe Bays 35|Cumbrian Waters 5.50E+10 5.50E+10
38|Celtic Sea 17 |Arctic South (surface) 2.60E+12 2.60E+12
38|Celtic Sea 36|lrish Sea S. 1.32E+12 1.32E+12
38|Celtic Sea 39|Bristol Channel 2.00E+12 2.00E+12
38|Celtic Sea 40|Bay of Biscay 1.50E+14 1.50E+14
38|Celtic Sea 41 |French Continental Shelf 1.40E+14 1.40E+14
38|Celtic Sea 46|English Channel W. 8.65E+12 8.65E+12
39|Bristol Channel 38|Celtic Sea 2.00E+12 2.00E+12
40(Bay of Biscay 2|Atlantic North N.E. (surface) 5.70E+14 5.70E+14
40(Bay of Biscay 3|Atlantic North N.E. (middle) 1.00E+14 1.00E+14
40(Bay of Biscay 38|Celtic Sea 1.50E+14 1.50E+14
40(Bay of Biscay 41|French Continental Shelf 5.80E+14 5.80E+14
40(Bay of Biscay 42|Cantabrian Sea 3.90E+14 3.90E+14
41|French Continental Shelf 38|Celtic Sea 1.40E+14 1.40E+14
41|French Continental Shelf 40|Bay of Biscay 5.80E+14 5.80E+14
41|French Continental Shelf 42|Cantabrian Sea 7.50E+13 7.50E+13
42|Cantabrian Sea 2|Atlantic North N.E. (surface) 1.10E+14 1.10E+14
42|Cantabrian Sea 40|Bay of Biscay 3.90E+14 3.90E+14
42|Cantabrian Sea 41|French Continental Shelf 7.50E+13 7.50E+13
42(Cantabrian Sea 43|Portuguese Continental Shelf 1.50E+13 1.50E+13
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Table 3 (cont’d)

Orig. |Originating compartment Dest. |Destination compartment Advection |Diffusion Total
No. No. (m’y) {m’y")  |m’y?)
43|Portuguese Continental Shelf 2|Atlantic North N.E. (surface) 4.60E+14 4.60E+14
43|Portuguese Continental Shelf 42|Cantabrian Sea 1.30E+13 1.30E+13
43|Portuguese Continental Shelf 44|Gulf of Cadiz 6.00E+13 6.00E+13
44(Gulf of Cadiz 2|Atlantic North N.E. (surface) 4.10E+14 4.10E+14
44|Gulf of Cadiz 3|Atlantic North N.E. (middle) 1.00E+14 1.00E+14
44 |Gulf of Cadiz 43|Portuguese Continental Shelf 5.80E+13 5.80E+13
44|Gulf of Cadiz 45|Mediterranean Sea 5.29E+13 5.29E+13
45|Mediterranean Sea 44 |Gulf of Cadiz 5.06E+13 5.06E+13
46|English Channel W. 38|Celtic Sea 3.69E+12 3.69E+12
46 |English Channel W. 47|Channel Islands 2.95E+12 2.95E+12
46|English Channel W. 48|Cap de la Hague 3.30E+12 3.30E+12
46|English Channel W. 49|Lyme Bay 1.27E+12 1.27E+12
47(Channel Islands 46|English Channel W. 1.51E+12 1.51E+12
47(Channel Islands 48|Cap de la Hague 6.25E+12 6.25E+12
48(Cap de la Hague 46|English Channel W. 8.97E+11 8.97E+11
48(Cap de la Hague 47|Channel Islands 4.81E+12 4.81E+12
48(Cap de la Hague 49|Lyme Bay 2.73E+12 2.73E+12
48(Cap de la Hague 52|Central Channel S.E. 4.97E+12 4.97E+12
48(Cap de la Hague 53|Central Channel N.E. 1.07E+12 1.07E+12
49(Lyme Bay 46|English Channel W. 1.56E+11 1.56E+11
49(Lyme Bay 48|Cap de la Hague 3.41E+12 3.41E+12
49(Lyme Bay 54|lsle of Wight 6.29E+11 6.29E+11
50|Baie de la Seine 51|Sam’s Beach 7.70E+11 7.70E+11
50|Baie de la Seine 52|Central Channel S.E. 2.61E+12 2.61E+12
51|Sam’s Beach 50|Baie de la Seine 1.70E+11 1.70E+11
51|Sam’s Beach 52|Central Channel S.E. 6.53E+12 6.53E+12
51|Sam’s Beach 56|North Sea S.E. 6.07E+11 6.07E+11
52|Central Channel S.E. 48|Cap de la Hague 1.24E+12 1.24E+12
52|Central Channel S.E. 50|Baie de la Seine 3.21E+12 3.21E+12
52|Central Channel S.E. 51|Sam’s Beach 6.38E+12 6.38E+12
52|Central Channel S.E. 53|Central Channel N.E. 9.45E+12 9.45E+12
52|Central Channel S.E. 56|North Sea S.E. 2.43E+12 2.43E+12
53|Central Channel N.E. 48|Cap de la Hague 2.86E+11 2.86E+11
53|Central Channel N.E. 52|Central Channel S.E. 8.43E+12 8.43E+12
53|Central Channel N.E. 54|lsle of Wight 6.89E+12 6.89E+12
53|Central Channel N.E. 56|North Sea S.E. 1.92E+12 1.92E+12
54|lsle of Wight 49|Lyme Bay 1.95E+11 1.95E+11
54|lsle of Wight 53|Central Channel N.E. 6.85E+12 6.85E+12
54|lsle of Wight 56|North Sea S.E. 5.47E+11 5.47E+11
55|North Sea S.W. 56|North Sea S.E. 6.09E+11 6.09E+11
55|North Sea S.W. 57|North Sea Central 3.81E+11 3.81E+11
56|North Sea S.E. 51|Sam’s Beach 1.60E+11 1.60E+11
56|North Sea S.E. 52|Central Channel S.E. 1.63E+11 1.63E+11
56|North Sea S.E. 53|Central Channel N.E. 1.47E+11 1.47E+11
56|North Sea S.E. 54|lsle of Wight 7.60E+10 7.60E+10
56|North Sea S.E. 55|North Sea S.W. 2.94E+11 2.94E+11
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Table 3 (cont’d)

Orig. |Originating compartment Dest. |Destination compartment Advection |Diffusion Total
No. No. (m’y) |m’y")  |m’y?)
56|North Sea S.E. 57|North Sea Central 5.12E+11 5.12E+11
56|North Sea S.E. 58|North Sea E. 5.01E+12 5.01E+12
57|North Sea Central 29|Scottish Waters E. 1.00E+11 1.00E+11
57|North Sea Central 55|North Sea S.W. 6.96E+11 6.96E+11
57|North Sea Central 56|North Sea S.E. 5.40E+10 5.40E+10
57|North Sea Central 58|North Sea E. 2.66E+12 2.66E+12
57|North Sea Central 59|North Sea N. 8.96E+12 8.96E+12
57|North Sea Central 60(Skagerrak 2.68E+11 2.68E+11
58|North Sea E. 56|North Sea S.E. 1.50E+11 1.50E+11
58|North Sea E. 57|North Sea Central 1.63E+12 1.63E+12
58|North Sea E. 60(Skagerrak 5.90E+12 5.90E+12
59|North Sea N. 17|Arctic South (surface) 1.73E+12 1.73E+12
59|North Sea N. 27 [Norwegian Waters 6.00E+13 6.00E+13
59|North Sea N. 29|Scottish Waters E. 1.00E+11 1.00E+11
59|North Sea N. 57|North Sea Central 2.05E+12 2.05E+12
59|North Sea N. 60(Skagerrak 2.58E+13 2.58E+13
60|Skagerrak 57|North Sea Central 1.68E+11 1.68E+11
60|Skagerrak 58|North Sea E. 1.00E+10 1.00E+10
60|Skagerrak 59|North Sea N. 3.23E+13 3.23E+13
60|Skagerrak 62 (Kattegat (deep) 1.50E+12 1.50E+12
61|Kattegat (surface water) 60(Skagerrak 2.00E+12 2.00E+12
61|Kattegat (surface water) 62 (Kattegat (deep) 1.00E+11 1.00E+11
62|Kattegat (deep water) 61 (Kattegat (surface) 9.30E+11 9.30E+11
62|Kattegat (deep water) 64 (Belt Sea (deep) 7.20E+11 7.20E+11
63|Belt Sea (surface water) 61 (Kattegat (surface) 1.20E+12 1.20E+12
63|Belt Sea (surface water) 64 (Belt Sea (deep) 7.00E+11 7.00E+11
64|Belt Sea (deep water) 63(Belt Sea (surface) 9.30E+11 9.30E+11
64|Belt Sea (deep water) 68 (Baltic Sea E. (surface) 2.70E+11 2.70E+11
64|Belt Sea (deep water) 70|Baltic Sea E. (deep) 2.20E+11 2.20E+11
65|Bothnian Bay 66 (Bothnian Sea 2.75E+11 2.75E+11
66|Bothnian Sea 65(Bothnian Bay 1.75E+11 1.75E+11
66|Bothnian Sea 67 (Baltic Sea W. (surface) 7.15E+11 7.15E+11
67|Baltic Sea W. (surface water) 68 (Baltic Sea E. (surface) 6.97E+12 6.97E+12
67|Baltic Sea W. (surface water) 69(Baltic Sea W. (deep) 1.07E+11 1.07E+11
68|Baltic Sea E. (surface water) 66 (Bothnian Sea 5.25E+11 5.25E+11
68|Baltic Sea E. (surface water) 67 (Baltic Sea W. (surface) 6.97E+12 6.97E+12
68|Baltic Sea E. (surface water) 70|Baltic Sea E. (deep) 2.08E+11 2.08E+11
68|Baltic Sea E. (surface water) 71|Gulf of Finland 5.95E+11 5.95E+11
68|Baltic Sea E. (surface water) 72|Gulf of Riga 3.12E+11 3.12E+11
69|Baltic Sea W. (deep water) 63(Belt Sea (surface) 2.20E+11 2.20E+11
69|Baltic Sea W. (deep water) 67 Baltic Sea W. (surface) 1.07E+11 1.07E+11
69|Baltic Sea W. (deep water) 70|Baltic Sea E. (deep) 2.20E+11 2.20E+11
70|Baltic Sea E. (deep water) 68 (Baltic Sea E. (surface) 2.08E+11 2.08E+11
70|Baltic Sea E. (deep water) 69(Baltic Sea W. (deep) 4.40E+11 4.40E+11
71|Gulf of Finland 68 |Baltic Sea E. (surface) 7.20E+11 7.20E+11
72|Gulf of Riga 68|Baltic Sea E. (surface) 3.44E+11 3.44E+11

Page A-16




3 Recommendations for amendments to sediment Kgs and biota concentration
factors (CF)

A review of K4 and CF references has been carried out. The concentration factors for
sediment and biota for a large selection of radionuclides, given in the papers, recommended
changes from the current values. Review of those recommended changes has been carried out
and the recommendations justified. This section provides recommended values. The units for
concentration factors are Bq t' (wet mass) per Bq m™, for Ky, the units are Bq t (dry

sediment) per Bq m™.

Where a suggested change is based on the results from a laboratory studyi, it is considered
inappropriate to make the change. This is mainly due to the difficulty in finding the correct
equilibrium between the biota and the environment when carrying out and interpreting
laboratory studies. This often leads to lower values than those derived from environmental
measurements.

3.1 Coastal Sediment Kg4s

3.1.1 Americium

Mitchell et al. 1999 suggest compartment-dependent Ky s for the Irish Sea for americium.
3.1.2 Cobalt

In Mahara and Kudo, 1981, the K4 for cobalt-60 varies considerably depending on whether
the conditions are anaerobic or aerobic. The Ky is higher for deep water than for coastal
water.

3.1.3 Caesium

A lower K4 value is recommended for coastal regions and the Irish Sea. The higher K4 for
silt/clay is recommended to be used in areas where the bottom sediment is known to be
dominated by silt/clay e.g. parts of the North sea. Otherwise a default value of 230 should be
used, based on work carried out for the UK Environment Agency in Sellafield (Goshawk and
Clarke, 2001) and (McDonald et al. 1992), which recommend coastal Kys around the coast of
the UK of about 200.

3.1.4 TIodine

The recommended value is appropriate for a high concentration of iodine in seawater, this
may be lower if runoff of freshwater from the land is high and the K4 may be correspondingly
higher ((Bishop et al. 1989) suggests 70).

3.1.5 Neptunium

The recommended K4 is based on the range in Bishop et al. 1989 and the mean IAEA values
(IAEA, 1985).
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3.1.6 Lead

These are taken from (McDonald et al. 1992) for coastal K4s around the UK. The IAEA Kgs
(IAEA, 1985) are deep water Kg4s, based on older references and the IAEA assume that Kgs
for coastal waters are the same as for deep waters.

3.1.7 Plutonium
Mitchell et al. 1999 have suggested compartment dependent Kg4s for the Irish sea.
3.1.8 Zirconium

Pentreath, 1985 indicates that the K4 should be lower than the IAEA recommended value
(IAEA 1985), but recent work on the Irish sea (Goshawk and Clarke, 2001), considers this
should be similar to the IAEA mean.

3.1.9 Recommended values for coastal sediment Kys (Bq kg™ per Bq I™")

Radionuclide Generic Irish sea onl TIAEA
y
Recommended value Reference Value Reference (Mean)
Am' 210° A; B 110° C;D 2 10°
Co® 210° 2.5 10° D 210°
Cm 210° 2 10°
Cs’ 230 (coastal sediment) D; F 230 D; E; F 3 10°
3 10° (silt/clay) D
y

r* 210! 20
Np® 1103 G 110°
Pb° 510° G 210°
Po° 110* G 2107
Pu’ 110° G H 110° 110°
U 110° F 110°
Zn 2 10* 210%
78 110° 10°
Ru 3 10? 710 D 3102

References

A: (Burton et al. 1986) B: (Mitchell et al. 1999)

C: (Mcdonald et al. 2001) D: (Goshawk and Clarke, 2001)

E: (Pentreath, 1985) F: (McDonald et al. 1992)

G: (Bishop et al. 1989) H: (Skipperud et al. 2000)

3.2 Deep Sediment Kgs
3.2.1 Technetium

Bishop et al. 1989 recommended a K4 value of 1 10° for sediments rich in organic matter and
under anoxic conditions.

3.2.2 Recommended values for deep ocean sediment (Bq kg per Bq1")

Radionuclide Recommended Reference old
value TAEA
(Mean)
1 2107 2107
Np 1103 110°
Tc! 110° A 110°
References

A: (Bishop et al. 1989)
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33 Concentration Factors for Fish
The values recommended in IAEA 1985 have been used except where indicated.
3.3.1 Americium

The value suggested by Coughtrey et al. (1984) is higher than that given by IAEA and has
ben used in this study. The concentration factors given by Swift and Kershaw, 1999 are based
on fish that is less likely to be eaten in Europe, i.e sharks and rays.

3.3.2 Cobalt

The concentration factors given in (Harrison, 1985) are based on a laboratory study and are
much smaller than field measurements, so the IAEA value has been retained.

3.3.3 Iron

The concentration factor for fish varies considerably depending on the location of the
measurement. Pentreath, 1977 has suggested CFs for North Sea and North Atlantic Ocean,
which have been used in this study.

3.3.4 Polonium

Swift and Kershaw, (1999) and Pentreath, (1977) have suggested that high concentrations of
polonium are found in larger fish.

3.3.5 Plutonium

Swift and Kershaw, (1999) and Gomez et al. (1985) have suggested higher values for
concentration factors in fish for plutonium than those recommended by the IAEA.

3.3.6 Antimony

The concentration factor for antimony varies considerably and Pentreath, (1977) has
suggested a lower value of about 10 in UK waters in the south. A recent study in France
(Nord-Cotentin, 2000) recommends 20. Since there is a discrepancy between the IAEA and
other references it was decided to leave the value the same as the IAEA value of 400 (IAEA,
1985).

3.3.7 Technetium

A number of authors (Bishop et al. 1989), (Beasley and Lorz, 1986), and (Thomson et al.
1972), have suggested a low CF of about 10 but the Nord-Cotentin study (Nord-Cotentin
2000) suggested a value of 80. Since there is a discrepancy between the different references it
was decided to retain the IAEA 1985 value of 30.
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3.3.8 Recommended values for fish concentration factors Bq t' per Bq m™ (wet
weight)

Nuclide Recommended Reference TIAEA
value (Mean)

Am 110° A 510"
Co 110° 110°
Cr 210° 2107
Cs 110% 1102
Fe 510° B 310°
I 110 110'
Po 210 C;D 210°
Pu 110% C;D 410"
Ru 2 2
Sb 410° 410°
Sr 2 2
Tc 310 310
7n 110° 110°

References

A: (Coughtrey et al. 1984)

B: (Pentreath, 1977)

C: (Swift and Kershaw, 1999)

D: (Gomez et al. 1985)

3.4 Concentration Factors for Lobsters and crustacea
3.4.1 Plutonium

Swift and Kershaw, (1999) have suggested a value of 1.9 10%. This was based on two
laboratory studies and an environmental study. The range of all three studies was 75-250,
therefore the value of 300 taken from (IAEA, 1985) appears to be too large. Baxter et al.
(1995) have presented a value of 2.0 10* for prawns taken from the Irish Sea, and a value of
around 80 for crabs from the Northeast Pacific. Gomez et al. (1985) have suggest a value of
5 based on a laboratory study, while an in-situ study has suggested a value between 130 and
330 based on the whole of the crustacean.

The three references indicate that a value of 200 would not be an unreasonable one to adopt,
especially considering the values given by Swift and Kershaw, (1999).

3.4.2 Technetium

Bishop et al. (1989) have presented values for technetium in lobsters and other crustacea
separately. The values presented range between 1 10° — 1.4 10° for lobsters and 4 — 30 for
other crustaceans. These values are based on laboratory studies, predominantly through
spiking of water. A paper by Busby et al. (1997) was mainly concerned with the distribution
of technetium in the organs of crustacea. No whole body values were presented, however, it is
mentioned that the work supports the IAEA value of 1000 (IAEA, 1985). Swift and Kershaw,
(1999) have suggested a value of 980 as a mean, with a range from 15-7700. This is based on
a review of 4 articles in the literature (3 laboratory-based, 1 environmental). Brown et al.
(1998) cite the value of 720 (abdomen muscle) directly from (Busby et al. 1997). Aprosi and
Masson, (1984) have presented a series of values for different crustacea. In general, the CFs
are suggested to be low (3-20), with the exception of lobsters (100-1000).

All the references for technetium in crustacea suggest that the IAEA 1985 value of 1000
remains suitable.
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3.4.3 Cobalt

Harrison, (1985) has presented a range from 4-520, however these are all laboratory-derived
values based on exposure up to a maximum of 35 days. Therefore, they may not fully
represent equilibrium conditions. The IAEA 1985 value has, therefore been retained.

4.4  Antimony

Swift and Kershaw, (1999) have presented a value of 25 based on the review of one literature
article. This article is based on environmental measurements taken in the region of Cap de la
Hague. It is proposed that this value is used.

3.4.5 Recommended values for crustacean concentration factors Bq t' per Bqm™ (wet
weight)

Radionuclide Recommended Reference TAEA (mean)
value

Pu 2107 A 310°

Tc 110° A 110°

Co 110 510°

Sb 2.510! A 4107
References
A: (Swift and Kershaw, 1999)

3.5 Concentration Factors for Molluscs
3.5.1 Manganese

The value recommended by Swift and Kershaw, (1999) has been used here, although this is
lower than the value currently recommended by IAEA (5,000 (IAEA, 1985)).

3.5.2 Iron

A number of laboratory-based studies have been reviewed by Swift and Kershaw, (1999).
The Nord-Cotentin study (Nord-Cotentin 2000) recommends a decrease from 30,000 to
20,000 whilst pointing out that there appears to be considerable variation between and within
species. For the purposes of this study, the value of 30 000 (IAEA, 1985) was retained.

3.5.3 Cobalt

A change is not recommended as the review by Swift and Kershaw, (1999) is based on
laboratory studies.

3.5.4 Zirconium/Niobium

Again only laboratory studies are included in the review by Swift and Kershaw, (1999) and
therefore a change is not recommended.

3.5.5 Antimony

For antimony Swift and Kershaw recommend a value of 20 based on both a laboratory study
and environmental measurements (Swift and Kershaw, 1999). This value represents a
decrease from the previous value of 200 (IAEA, 1985).
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3.5.6 Cerium

The review given by (Swift and Kershaw, 1999) suggests a value for cerium of 20 based on a
laboratory study. This is much lower than the current IAEA value of 5000 (IAEA, 1985).
However, a French study (Nord-Cotentin, 2000) recommends a decrease from 5,000 to 2,000.

3.5.7 Californium

This radionuclide is assumed to behave similarly to americium, based on Nord-Cotentin data
(Nord-Cotentin, 2000).

3.5.8 Iodine

A value of 100 is suggested in a review by Pentreath, (1985), which looked at acute and
chronic contamination situations. This may not be relevant to the continuous release situation

and therefore it is recommended that the value remains the same as the current IAEA value
(IAEA, 1985)

3.5.9 Recommended values for mollusc concentration factors Bq t! per Bq m> (wet
weight)

Nuclide Recommended value | Reference | IAEA (mean)
Mn 610’ A 5103
Fe 310* 310%
Co 510° 5103
Zr/Nb 510° 510°
Sb 210! A 210?
Ce 2 10° B 510°
cf 110° B 210*
I 110 110

References

A: Swift and Kershaw (1999)

B: Nord-Cotentin (2000)

3.6  Summary of parameter review

The sediment partition coefficients and concentration factors required for the MARINA 11
study have been reviewed and recommendations made for changes from the current IAEA

recommended values. A summary table of all parameters used in the study is provided (Table
4).
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Table 4: Element-specific modelling parameters

Concentration Factor (Bq t) per (Bqm™)  |Sediment partition coefficient
(Bq t) per (Bq m™)
Element Fish Crustaceans  Molluscs Regional Coastal
H 1.00E+00 1.00E+00 1.00E+00 1.00E+00 1.00E+00
C 2.00E+04 2.00E+04 2.00E+04 2.00E+03 2.00E+03
Na 1.00E-01 1.00E+01 3.00E+01 1.00E+00 1.00E-01
P 2.00E+04 1.00E+04 1.00E+04 1.00E+02 1.00E+01
S 2.00E+00 1.00E+00 4.00E+00 1.00E+00 5.00E+01
Ca 2.00E+00 5.00E+00 1.00E+00 1.00E+02 5.00E+02
Cr 2.00E+02 5.00E+02 8.00E+02 5.00E+04 5.00E+04
Mn 4.00E+02 5.00E+02 6.00E+02 2.00E+08 2.00E+05
Fe 5.00E+02 5.00E+03 3.00E+04 5.00E+07 5.00E+04
Co 1.00E+03 1.00E+04 5.00E+03 1.00E+07 2.00E+05
Ni 1.00E+03 1.00E+03 2.00E+03 1.00E+06 1.00E+05
Zn 1.00E+03 5.00E+04 3.00E+04 2.00E+05 2.00E+04
Y 2.00E+01 1.00E+03 1.00E+03 2.00E+06 1.00E+07
Sr 2.00E+00 2.00E+00 1.00E+00 2.00E+02 1.00E+03
Zr 2.00E+01 2.00E+02 5.00E+03 5.00E+05 1.00E+06
Tc 3.00E+01 1.00E+03 1.00E+03 1.00E+03 1.00E+02
Ru 2.00E+00 1.00E+02 2.00E+03 1.00E+03 3.00E+02
Ag 5.00E+02 5.00E+03 1.00E+04 1.00E+04 1.00E+03
Te 1.00E+03 1.00E+03 1.00E+03 1.00E+03 1.00E+03
Sb 4.00E+02 2.50E+01 2.00E+01 5.00E+02 1.00E+03
I 1.00E+01 1.00E+01 1.00E+01 2.00E+02 2.00E+01
Ba 1.00E+01 1.00E+00 2.00E+01 1.00E+04 5.00E+03
Cs 1.00E+02 3.00E+01 3.00E+01 2.00E+03 2.30E+02
Ce 5.00E+01 1.00E+03 2.00E+03 1.00E+08 2.00E+06
Pm 5.00E+02 1.00E+03 5.00E+03 1.00E+06 2.00E+06
Eu 3.00E+02 1.00E+03 7.00E+03 4.00E+06 5.00E+05
Ta 6.00E+01 3.00E+03 3.00E+03 5.00E+04 2.00E+05
Pb 2.00E+02 1.00E+03 1.00E+03 3.00E+07 5.00E+03
Po 2.00E+04 5.00E+04 1.00E+04 2.00E+07 1.00E+04
Ra 5.00E+02 1.00E+02 1.00E+03 3.00E+04 5.00E+03
Ac 5.00E+01 1.00E+03 1.00E+03 2.00E+06 2.00E+06
Th 6.00E+02 1.00E+03 1.00E+03 5.00E+06 2.00E+06
U 1.00E+00 1.00E+01 3.00E+01 5.00E+02 1.00E+03
Pu 1.00E+02 2.00E+02 3.00E+03 1.00E+05 1.00E+05
Am 1.00E+02 5.00E+02 2.00E+04 2.00E+06 2.00E+06
Cm 5.00E+01 5.00E+02 3.00E+04 2.00E+06 2.00E+06
4 Areas reviewed in finalising the model description
4.1 Fluxes

The flows in the Irish Sea have been considered in a number of papers including those of
Mitchell et al. (1999) and Young et al (2001).

The review by Young showed that wind-forcing generally reduced the net flow through the
Irish Sea from the Celtic Sea to the Scottish waters West. This was based on calculating
fluxes through the North Channel and Irish Sea based on wind driven effects for a typical
wind rose for the Irish Sea. The flow for the western Irish Sea was assumed to be reduced, but
the flow through the Eastern Irish Sea was assumed to be the same as the previous model
(Simmonds et al. 1995). The net flow through the channel is now assumed to be 7.2 10" m?
y"! northwards, instead of 2.4 10" m® y', for the previous model. The main justification for
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this is that southerly winds generally result in a faster northerly flow through the North
Channel, but winds which act across the channel (i.e westerly) or from the north result in a
net flow south. The net average flow using the windrose for the Irish Sea is essentially
northwards but smaller than assumed in the previous model. The review (Young and others
2001) also shows that there is evidence for wind-driven movement from the eastern Irish Sea
to the west without flushing through the North Channel

The effect of the Irish Sea gyre, which causes an anti-clockwise flow in the western Irish Sea
during the summer months, would also have an effect of recirculating activity within the Irish
Sea west compartment, before it is flushed through the North Channel.

The flows between the Sellafield local compartment and the Cumbrian waters compartment
were also examined and the flow between these two compartments was increased to 5 10"
m’ y"' from 8 10" m® y"

4.2 Sedimentation

The equations representing sedimentation described in section 2 differ from those presented
previously (Simmonds et al. 1995). The equations presented above are intended to better
represent the processes during sedimentation and subsequent remobilisation of radionuclides.
Bioturbation is now considered in two aspects. The first is during pore water exchange in
which biota create holes in the sediment for respiration purposes. These holes allow water to
exchange between the sediment and the water column. The second aspect is in sediment re-
working which represents the physical movement of sediment allowing direct contact with
seawater at the sediment:water interface. This movement of sediment is carried out by wave
action and by burrowing of biota.

Sedimentation rates and suspended sediment loads were updated following a review of the
Irish Sea model (Mitchell et al. 1999). The review suggested there was less sedimentation in
the Western Irish Sea than previously assumed. The sedimentation rates were reduced in
compartments 30,31,32,33,34 and increased slightly in the Cumbrian waters compartment
(39).

Values for suspended sediment load were reduced in compartments 30, 31, 34 and 35. The
values for sedimentation and suspended sediment load in the local Sellafield compartment
were assumed to be the same as that in compartment 35.
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Appendix B - Validation of MARINA 11

1 Introduction

In order to validate the use of MARINA II in this study, the model results have been
compared with measured activity concentrations for a selection of radionuclides and
environmental media where data were available. This appendix contains detailed results of
this comparison.

2 Methodology

Section 2 of the main report describes the methodology used to obtain estimated activity
concentrations using MARINA II. Results were obtained for a selection of radionuclides,
locations and environmental media. The estimated concentrations are summed for all sources
and information is provided on the contribution of the different sources. The radionuclides
chosen for the validation exercise were those which were important for validation purposes
and for which most data were available, namely caesium-137, technetium-99, plutonium-
239/240 and americium-241. Measurements of plutonium-239 include any contribution of
plutonium-240. This is also the case for modelled concentrations based on discharges.
Therefore, where plutonium-239 is referred to in this appendix it should be taken to be the
sum of plutonium-239 and plutonium-240. More limited data were also available for a
selection of other radionuclides and these were also included in the comparison; the
radionuclides were tritium, carbon-14, cobalt-60, ruthenium-106 and polonium-210. The
measurement data were obtained from the MARINA II working group B compilation
available on CD-ROM. Most of the data were obtained from the MARINA-2B summary data
sets. However, for some radionuclides such as tritium, carbon-14, cobalt-60 and ruthenium-
106, the data were supplemented, or entirely taken from the IAEA-Glomard and Nord-
Contentin data sets. Measured activity concentrations in seawater are often reported for
unfiltered water and so include suspended sediment. The model results are for filtered
seawater, excluding any contribution from suspended sediment. Where possible and
appropriate measurements in filtered seawater have been used in the comparison.

The estimated and measured activity concentrations for various environmental media are
presented in this Appendix in graphical form. Two types of graphs are used. The first type
compares estimated and measured values averaged over a time period for a number of marine
compartments. This shows how well the model estimates concentrations spatially over a wide
area with a range of different characteristics. The second type of graph compares estimated
and measured concentrations for a single marine compartment over the time period over
which the discharges occur to examine the way the model includes variation with time. For
this second comparison the compartment chosen reflects the data available and the likely
importance of different sources such as the sources of NORM radionuclides, the major
nuclear sites, fallout from weapons testing and Chernobyl. For nuclear discharges, estimated
and measured data for caesium-137, technetium-99 and plutonium-239 were compared for the
Irish Sea West and cumbrian waters (technicium —99 only), compartments over the time
period of the discharge from Sellafield. This was to determine how well the model performed
at times when the activity in the water was likely to be due directly to discharges from the site
and at later times when remobilisation of activity from sediments could contribute.
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3 Results
3.1 Caesium-137

Figure 1 compares estimated and measured activity concentrations in seawater for a selection
of compartments; the results are averages for the period between 1990 and 2000. The figure
shows ratios of observed to estimated activity concentrations of caesium-137 in water. The
solid central diagonal line indicates perfect agreement between estimated and measured
concentrations. Values above the central line indicate that the model results are higher than
measurements while values below the line indicate that the model estimates are lower than
the measured values. Also shown on the figure are dotted lines representing ratios of a factor
of two and a factor of ten. In most cases the ratios of estimated to measured results are within
a factor of three and in all but one case are within a factor of 10. The exception is for the
Scottish Waters West compartment, which the model appears to underestimate by about a
factor of 20. This is a large compartment close to a source of caesium-137 and the
measurements may not be representative of the compartment as a whole. For the
compartments close to the major sources of discharge (Sellafield and Cap de La Hague), the
estimated to measured ratios are generally within a factor of three. In some cases
compartments further from the source show greater differences between estimated and
measured data. This may be due to a number of factors including an insufficient spread of
measurement data over the complete area of the compartment and a greater influence of other
sources such as fallout from nuclear weapons testing and Chernobyl. There is also likely to be
greater uncertainty in the model parameters and processes for different marine compartments
away from areas where the model was originally developed i.e. the Irish Sea and coastal
waters. The model estimates concentrations lower than those measured for the Kattegat
compartment and this could indicate that the flux of caesium-137 from the Baltic Sea is
underestimated. However, the model estimate shows good agreement with the measurements
for the Arctic seas where a high proportion of the activity is from fallout from weapons
testing and Chernobyl.

Figure 2 shows similar results comparing estimated and measured activity concentrations of
caesium-137 in fish. The ratios of estimated to measured values for fish are all within a factor
of four and show better agreement than for seawater. The result for Scottish waters west does
not show the same large difference between estimated and measured values as seen for water.
These results could indicate that measurements in fish are generally more reliable and account
for variation of activities over space and time better than the water data. The estimated
concentrations in fish are also more important for determining collective and per-caput doses,
the aim of the study.

Results for a particular location are given in Figure 3, which compares estimated and
measured concentrations in seawater for the Irish Sea West compartment as a function of
time. The main contribution to the estimated activity concentration is from discharges from
the Sellafield site and these discharges are also shown on the figure. It can be seen that the
concentrations follow the pattern of the discharges. The ranges of measured activity
concentrations in the region are also shown in Figure 3. The estimated activity concentrations
in filtered seawater are within the range of measured data throughout the period considered.
Results for a compartment further away from nuclear discharge sources are given in Figures 4
and 5, which show estimated and measured activity concentrations in seawater for the North
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Sea South West compartment. Figure 4 again shows that the estimated values are within the
range of the measurements. Figure 5 gives the contributions from fallout from weapons
testing and Chernobyl and from discharges from nuclear sites. Between 1952 and 1967 the
major contribution to the activity is fallout from weapons testing, after which the activity is
predominately due to discharges from Sellafield. The peak release from Chernobyl in 1986 is
relatively important at that time. This graph shows that there is little contribution from all the
inland nuclear sites discharging caesium-137 into the Rhine and hence into the North Sea.

The estimated and measured concentrations of caesium-137 in sediment averaged between
1990 and 2000 for a selection of compartments are compared in Figure 6. The estimated to
measured ratios are all within a factor of 10 and most are within a factor of five for all sites
except the Arctic South sediment compartment. Here the model underestimates the measured
value by about a factor of 60. This is likely to be because the nature and properties of the
sediment where the measurement was taken is inconsistent with the generic assumptions used
in the model. Other model inconsistencies are unlikely since the estimated seawater
concentrations in this compartment compare well with the measured values. Figure 7 gives a
comparison of estimated and measured concentrations in sediment for Cumbrian Waters over
the entire period of discharges from the Sellafield nuclear site. This shows that the estimated
concentration of caesium-137 in the top sediment layer is within the measured range where
data are available.

3.2 Technetium-99

Filtered seawater measurements for technetium-99 were available for a large number of
marine compartments and Figure 8 compares the estimated and measured activity
concentrations in filtered seawater averaged between 1990 and 2000 for these compartments.
The estimated to measured ratios are all within an order of magnitude and most are within a
factor of two. The model estimates are both higher and lower than the measured values.
Figure 9 gives similar results for technetium-99 in seaweed (Fucus). The ratios of estimated
to measured concentrations in seaweed are generally within an order of magnitude, except for
the Irish Sea South, where the model results are about a factor of 100 greater than the
measured values. The estimated and measured results show a greater spread for seaweed, for
some compartments, than for filtered seawater. This may be because the measurements are
for different species of seaweed or because the uptake of radionuclides in marine species
depends on environmental factors such as water temperature and salinity (Aarkrog 1985). The
measurements may have also been confined to the coastal fringe of the marine compartments,
which may not represent the average activity concentration for a compartment as estimated by
the model.

Figures 10 and 11 give the estimated and measured concentrations of technetium-99 in
filtered seawater for the North Sea South West compartment. Figure 10 shows that the
estimated values are within the range of the measurements up to 1994, but are lower than the
2 measurements available between 1994 to 2000. Figure 11 also shows the contributions of
the discharges of technetium-99 from Sellafield and Cap de la Hague. The major contribution
is due to discharges from Sellafield, except for the mid to late 1980°s when the discharge
from Cap de La Hague is more important. For technetium-99 there is no significant
contribution from weapons testing fallout (Aarkrog et al 1988) and little from the other two
sites which discharge technetium: Capenhurst and Springfields. The measured and estimated
activity concentrations of technetium-99 in crustacea from Cumbrian Waters are given in
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Figure 12. Measurements were available between 1988 and 2000 and for most times the
estimated concentrations are within the measured range except where there were only limited
measurement data available. In 1995 and 1996, when concentrations of technetium-99 were
relatively high, the highest measurement (measured maximum) was an order of magnitude
greater than the average of all measurements, showing that there is a large variability in
measurements of technetium-99 in crustacea. As the interaction of technetium-99 with
sediment is very small there were no measurements available for sediment.

33 Plutonium-239

Measurements of plutonium-239/240 in filtered seawater are available for a number of
compartments. Figure 13 compares estimated and measured activity concentrations in filtered
seawater averaged between 1990 and 2000 for these compartments. The ratios of estimated to
measured concentrations ratios are within a factor of two for most compartments with model
estimates both higher and lower than measured values. The model estimates for
concentrations of plutonium-239 in filtered seawater are the closest to measured values found
in this validation exercise. Figure 14 gives results for activity concentrations in fish. The
ratios of estimated to measured concentrations are all within a factor of 10, except for the
Irish Sea North East compartment where the model result is about a factor of 40 greater than
the measured value. Estimated and measured concentrations of plutonium-239 in molluscs
are compared in Figure 15. Fewer data are available than for plutonium-239 in seawater and
the ratios were generally within an order of magnitude, except for the Irish Sea North
compartment where the model estimate is a factor of 40 greater than the measured data.

Figure 16 compares estimated and measured concentrations of plutonium-239 in filtered
seawater for the Irish Sea West compartment as a function of time. The Sellafield discharges
are also shown and it is seen that when the discharges fell after 1980 this was not reflected in
the concentrations in water. This is due to the remobilisation of plutonium-239 from
sediments where activity had accumulated from previous discharges. Where data are
available, the estimated concentrations in seawater are within the measured range. Figures 17
and 18 show the estimated and measured activity concentrations in filtered seawater for the
Norwegian Sea compartment. This again shows that the estimated values are generally within
the range of the measured values where available. Figure 18 also shows the contributions to
the estimated concentrations from fallout from weapons testing and from discharges from
nuclear sites. Unlike caesium and technetium, the most important contribution for all times is
due to fallout from nuclear weapons testing in the 1960’s. The remaining activity is due to
discharges of plutonium-239 from nuclear sites, particularly Sellafield, Cap de La Hague and
Dounreay. Plutonium is less mobile in seawater than caesium and technetium and therefore
most of the activity discharged from the nuclear sites remains in the area close to the
discharge point.

When plutonium is discharged into marine waters a significant fraction will become attached
to suspended sediment and then be deposited on the seabed. It is therefore of interest to
consider the concentrations of plutonium-239 in bed sediment. Figure 19 compares estimated
and measured activity concentrations of plutonium-239 in sediment averaged between 1990
and 2000 for a selection of compartments. The ratios of estimated to measured concentrations
are within a factor of three, except for the Isle of Wight sediment compartment, where the
model estimate is about a factor of 20 more than the measured value. Figure 20 shows a
comparison between estimated and measured concentrations of plutonium-239 in sediment
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for the Irish Sea North East compartment as a function of time. Where measurements are
available the estimated activity concentration in top sediment is generally within the
measured range.

34 Americium-241

Only limited measurement data are available for this radionuclide for marine biota and
sediment in a few marine compartments. No data were available for filtered seawater. The
comparison of model estimates and measured data is also complicated by the need to include
the ingrowth of americium-241 from discharges of its parent, plutonium-241. Figure 21
shows the contribution to the estimated concentration of americium-241 in filtered seawater
due to fallout from weapons testing and due to discharges from the major nuclear sites for the
North Sea South West compartment. The most important contribution over time is from
fallout from the nuclear weapons testing carried out in the 1960’s. There are smaller
contributions from discharges of americium-241 from Sellafield, Cap de La Hague and
Dounreay. For fallout the americium-241 is due to ingrowth from plutonium-241 releases
from the weapons testing. The americium-241 from the nuclear sites is a combination of
direct discharges of americium-241 and due to ingrowth from discharges of plutonium-241.

Estimated and measured activity concentrations of americium-241 in fish averaged between
1990 and 2000 are compared in Figure 22 for a selection of compartments. The ratios of
estimated to measured concentrations are generally within an order of magnitude for the
compartments close to Sellafield discharge point. For sites further from the discharge point
and also for the Liverpool and Morecambe Bay compartment, the model estimates are up to
two orders of magnitude less than the measured values. As shown in Figure 23 similar results
are obtained for concentrations of americium-241 in molluscs, although some of the model
results for molluscs are in better agreement with measured values than was found for fish.
Figure 24 gives estimated and measured activity concentrations in molluscs as a function of
time for the Irish Sea North East compartment. Where measurement data are available the
estimated values are within the range of the measurements. The observed differences in the
estimated and measured values in filtered water and biota, may reflect uncertainty in the way
americium disperses in the marine environment and interacts with sediments. This uncertainty
may be greater away from the major nuclear discharge points, e.g. in the North Sea, where the
main contribution to concentrations is from the decay of plutonium-241 in fallout from
nuclear weapons testing. Also the number of measurements for fish and molluscs in these
compartments are more limited than in areas close to nuclear sites. Figure 25 gives estimated
and measured activity concentrations in the top bed sediment as a function of time for the
Cumbrian Waters compartment. There is good agreement between the estimated and
measured values.

3.5 Other radionuclides

Where measurement data are available for other radionuclides these have also been compared
with the results estimated by MARINA II. The radionuclides considered are tritium, carbon-
14, polonium-210, cobalt-60 and ruthenium-106. As the measurements are limited for these
radionuclides the comparison is also limited.

Tritium Measured activity concentrations of tritium are only available for seawater.
Figure 26 compares the estimated and measured activity concentrations in seawater averaged
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between 1990 and 2000 for a selection of compartments. The ratios of estimated to measured
activity concentrations are all within a factor of 5. As found for other radionuclides the best
agreement between estimated and measured results is for compartments close to major
sources of discharge. The model estimates also show good agreement with measurements for
the Arctic and the Barents Sea compartments where a high proportion of the activity is from
fallout from weapons testing. There are also background levels of tritium in seawater from
cosmogenic sources in seawater at levels of about 200 — 900 Bq m™ (Kaufman and Libby
1954). If this source had been included in the model estimates there would have been closer
agreement with the measured values for compartments further from Sellafield. Figures 27 and
28 give estimated and measured concentrations of tritium in filtered seawater for the North
Sea east compartment as a function of time. The measured concentrations are generally about
a factor of two greater than the estimated values. Figure 28 shows the contribution to the
concentration from fallout from weapons testing and from discharges from nuclear sites.
Between 1952 and 1984 the major contribution is due to fallout from weapons testing, after
which the most important source for North Sea East is the discharge from Cap de La Hague
with a small contribution from all the other nuclear sites.

Carbon-14  Measurement data are very limited for carbon-14 and background levels due to
cosmogenic sources are relatively important. Figure 29 compares estimated and measured
activity concentrations in filtered seawater averaged between 1980 and 1990 for a limited
selection of compartments. The ratios of estimated to measured concentrations are within an
order of magnitude for all compartments except the Barents sea (B4), where the model
estimate is about a factor of 15 less than the measured value. The background levels of
carbon-14 from cosmogenic sources in seawater are about 6 Bq m” (Charles, 1990). If this
additional component were included, then in most cases the model estimates would match the
measured data more closely. In Figure 30 estimated and measured activity concentrations of
carbon-14 in molluscs are compared for the English Channel compartments for 1997. The
ratios of estimated to measured concentrations are all within a factor of four. Figure 31 shows
the contribution to the activity concentrations due to fallout from weapons testing and from
discharges from nuclear sites as a function of time. Between 1952 and 1988 the major
contribution to the activity is due to fallout from weapons testing, after which the discharge
from Cap de La Hague becomes more important; there is a negligible contribution from all
the other nuclear sites.

Polonium-210 There are very limited measurement data for polonium-210 and the
situation is complicated by the relatively high levels of naturally occurring polonium-210
which mask any additional concentrations due to NORM discharges. A limited comparison
with model estimates has been carried out for filtered seawater. Figure 32 compares estimated
and measured activity concentrations in filtered seawater in 1989 for a selection of
compartments. The model results are all over an order of magnitude lower the measured
concentrations in seawater except for Cumbrian Waters, where the measured data are still
higher. This is due to the high natural levels of polonium-210 in seawater. The natural level
of polonium-210 has been found to vary around the UK coast depending on the levels of
polonium found in the rocks fringing the coast. The average background level is assumed to
be about 2 Bqm™ (Charles, 1990), with a range around the UK from south to north of
between 1 Bq m™ and 4 Bq m™, (McDonald, 1991). Figure 33 shows the same data as Figure
32 with the average level of natural background indicated. The measured data are generally
within the range of background levels, although concentrations for the Irish Sea and Scottish
Waters compartments are slightly elevated. This probably reflects the known discharge of
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polonium-210 from a phosphate plant at Whitehaven in Cumbria. It is not possible to validate
the MARINA II model for polonium-210 as the estimated concentrations are below
background levels. Figure 34 shows the contribution from the major NORM sources to the
estimated concentrations of polonium-210 in the North Sea Central compartment. The most
important source of polonium-210 is discharges from the phosphate industry with a relatively
small contribution from the decay of radium-226 and lead-210 discharged from the oil and
gas industry. The levels of polonium-210 in this compartment are well below background
concentrations.

Cobalt-60 The only measurement data available for cobalt-60 are for molluscs from the
English Channel and Southern North Sea compartments. In both cases the model estimate is
lower than the measured concentration by a factor of two for Cap de la Hague, but by a factor
of 50 for the North Sea compartment. Figure 35 shows estimated and measured activity
concentrations in molluscs for the Cap de La Hague compartment as a function of time. The
estimated values are generally within a factor of three of the measurements. Figures 36 and 37
show the contributions to the estimated concentrations of cobalt-60 in filtered seawater due to
discharges from the major nuclear sites for the Cap de La Hague and North Sea South West
compartments, respectively. For the Cap de La Hague compartment the major contribution is
due to discharges from the Winfrith nuclear site in the UK before the early 1980’s and due to
discharges from Cap de La Hague for later times. For North Sea South West there are
contributions from a number of nuclear sites such as Bradwell nuclear power station in the
UK.

Ruthenium-106 Measurement data were only available for molluscs from the English
Channel. Figure 38 shows estimated and measured activity concentrations in molluscs for the
Cap de La Hague compartment as a function of time. The activity concentrations estimated by
MARINA 1I are about a factor of two greater than the measured values. Figure 39 gives the
contributions due to discharges from the major nuclear sites to the concentration of
ruthenium-106 in filtered seawater for the Cap de La Hague compartment. The discharge
from Cap de La Hague is the most important source of ruthenium-106 in this region from
1966 onwards. Before this time the concentration is negligible in comparison and was due to
discharges from Sellafield.

4 Discussion

The results presented here give confidence in the use of the MARINA II model for estimating
collective and per-caput doses for use in this study. The model estimates are both higher and
lower than measured values. When estimating collective doses activity concentrations from
many locations are used and the resulting dose summed. This means that the uncertainty in
the estimated collective and per-caput doses is less than the uncertainty in activity
concentrations at a particular location.

The model has been extensively tested for caesium-137, plutonium-239 and technetium-99
for which relatively large amounts of data are available. These three radionuclides behave
differently in the marine environment with technetium staying in the water phase, plutonium
having a strong affinity for sediments and caesium having behaviour between these two
extremes. The good agreement found between estimated and measured activity concentrations
for these three radionuclides gives a measure of confidence in applying the model to other
radionuclides. The limited comparison carried out for other radionuclides also supports this
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view. However, the model results are obviously more uncertain for other radionuclides. This
is particularly the case for the radiologically significant radionuclides polonium-210 and
carbon-14 where only limited data are available and the situation is complicated by the
presence of naturally occurring activity of these radionuclides.
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Figure 1: Estimated and measured activity concentrations of caesium-137 in filtered
seawater for selected marine compartments, averaged between 1990 and 2000
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Figure 2: Estimated and measured activity concentrations of caesium-137 in fish (wet
weight) for selected marine compartments, averaged between 1990 and 2000
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Figure 3: Estimated and measured activity concentrations of caesium-137 in filtered seawater for Irish sea west compartment
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Figure 4: Estimated and measured activity concentrations of caesium-137 in filtered seawater for North sea south west

compartment (55)
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Figure 5: Estimated and measured activity concentrations of caesium-137 in filtered
seawater for North sea south west compartment (55), showing contributions from
different sources.
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Figure 6: Estimated and measured activity concentrations of caesium-137 in top
sediment (dry weight) for selected marine compartments, averaged between 1990 and

2000
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Figure 7: Estimated and measured activity concentrations of caesium-137 in top
sediment (dry weight) for Cumbrian waters compartment (35)
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Figure 8: Estimated and measured activity concentrations of technetium-99 in filtered

seawater for selected marine compartments, averaged between 1990 and 2000
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Figure 9: Estimated and measured activity concentrations of technetium-99 in seaweed
(wet weight) for selected marine compartments, averaged between 1990 and 2000
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Figure 10: Estimated and measured activity concentrations of technetium-99 in filtered
seawater for North sea south west compartment (55)
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Figure 11: Estimated and measured activity concentrations of technetium-99 in filtered
seawater for North sea south west compartment (55), showing contributions from
different sources
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Figure 12: Estimated and measured activity concentrations of technetium-99 in crustacea (wet weight) for Cumbrian waters
compartment (55)
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Figure 13: Estimated and measured activity concentrations of plutonium-239 in filtered
seawater for selected marine compartments, averaged between 1990 and 2000
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Figure 14: Estimated and measured activity concentrations of plutonium-239 in fish
(wet weight) for selected marine compartments, averaged between 1990 and 2000.
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Figure 15: Estimated and measured activity concentrations of plutonium-239 in

molluscs (wet weight) for selected marine compartments, averaged between 1990 and

2000
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Figure 16: Estimated and measured activity concentrations of plutonium-239 in filtered
seawater for Irish sea west compartment
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Figure 17: Estimated and measured activity concentrations of plutonium-239 in filtered
seawater for Norwegian sea compartment (27)
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Figure 18: Estimated and measured activity concentrations of plutonium-239 in filtered
seawater for Norwegian sea compartment (27), showing contributions from different
sources.
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Figure 19: Estimated and measured activity concentrations of plutonium-239 in top
sediment (dry weight) for selected marine compartments, averaged between 1990 and

2000
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Figure 20: Estimated and measured activity concentrations of plutonium-239 top sediment (dry weight) for Irish Sea north

east compartment (32)
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Figure 21: Estimated activity concentrations of americium-241 in filtered seawater for North sea south west compartment (55),

showing contributions from different sources.
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Figure 22: Estimated and measured activity concentrations of americium-241 in fish
(wet weight) for selected marine compartments, averaged between 1990 and 2000
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Figure 23: Estimated and measured activity concentrations of americium-241 in
molluscs (wet weight) for selected marine compartments, averaged between 1990 and

2000
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Figure 24: Estimated and measured activity concentrations of americium-241 in
molluscs (wet weight) for Irish sea north east compartment (32)
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Figure 25: Estimated and measured activity concentrations of americium-241 in top
sediment (dry weight) for Cumbrian waters compartment (35)
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Figure 26: Estimated and measured activity concentrations of tritium in filtered
seawater for selected marine compartments, averaged between 1990 and 2000
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Figure 27: Estimated and measured activity concentrations of tritium in filtered
seawater for North sea east compartment (58)
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Figure 28: Estimated and measured activity concentrations of tritium in filtered
seawater for North sea east compartment (58), showing contributions from different
sources
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Figure 29: Estimated and measured activity concentrations of carbon-14 in filtered

seawater for selected marine compartments, averaged between 1980 and 1990

Estimated (Bq m ?)

10

0.1
0.1

1
Measured (Bq m?)

o Arctic South (surface) (17)

A Arctic South (bottom) (18)
Barents Sea (B2) (24)

o Barents Sea (B4) (26)

Estimated = Measured

— - - — - Model estimates a factor of 10 higher than measurements

Model estimates a factor of 10 low er than measurements

Average value for natural background in the Atlantic

10

Page B-37



Figure 30: Estimated and measured activity concentrations of carbon-14 in molluscs

(wet weight) for selected marine compartments in 1997
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Figure 31: Estimated activity concentrations of carbon-14 in filtered seawater for Baie
de la Seine compartment (50), showing contributions from different sources

I
3,

w
—

g
o

-
(4]

P
\ J/

Activity concentrations (Bq m°)
N
—
—
L

1952
1955
1958
1961
1964
1967
1970
1973
1976
1979
1982
1985
1988
1991

1994
1997
2000

Time (years)

—— Estimated from all sites —a— Sellafield —— Fallout — Cap-de-La-Hague

Page B-39



Figure 32: Estimated and measured activity concentrations of polonium-210 in filtered
seawater for selected marine compartments, for 1989
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Figure 33: Estimated and measured activity concentrations of polonium-210 in filtered
seawater for selected marine compartments, for 1989, showing average background
levels.
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Figure 34: Estimated activity concentrations of polonium-210 in filtered seawater for
North sea central compartment (57), showing contributions from different sources.
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Figure 35: Estimated and measured activity concentrations of cobalt-60 in mollusc (wet
weight) in Cap de La Hague compartment (48)
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Figure 36: Estimated activity concentrations of cobalt-60 in filtered seawater for Cap de
La Hague compartment (48), showing contributions from discharges
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Figure 37: Estimate activity concentrations of cobalt-60 in filtered seawater for North
Sea South West compartment (55), showing contributions from discharges
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Figure 38: Estimated and measured activity concentrations of ruthenium-106 in
molluscs (wet weight) in Cap de La Hague compartment (48)
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Figure 39: Estimated activity concentrations of ruthenium-106 in filtered seawater for
Cap de La Hague compartment (48), showing contributions from different sources
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Appendix C - Inputs of radionuclides from rivers

1 Description of approach taken

A large number of the nuclear sites in the European Union are situated at inland locations
with the liquid discharges of radionuclides being made to river systems. These river systems
subsequently drain into northern European marine waters. Processes such as sedimentation,
accumulation by biota and radioactive decay within the river result in a reduced inventory of
activity draining from the river than that discharged upstream. These processes have been
represented in modelling the total activity discharged to the marine environment from river
discharges. Two major European rivers (Rhine and Loire) have been modelled to represent
riverine discharges in the European Union. The Schaeffer (Schaeffer, 1976) modelling
approach, as described in the EC methodology for routine radioactive discharges (Simmonds
et al. 1995) and implemented in the compartmental biosphere transport model, BIOS (Martin
etal. 1991), has been used. The two rivers were divided into several river sections for
modelling purposes. The relevant inland sites were assumed to either discharge directly to the
local marine compartment (in the case of estuarine sites) or to sections of the Rhine or Loire,
which are assumed to represent the river the site actually discharges to. The distance between
discharge locations and the estuary were estimated. The river sections assumed for the
modelling were the same as in a previous study (Smith et al. 2002). Modelling was carried
out for all necessary radionuclides for a unit release of 1TBq for 1 year. The concentrations in
the local marine compartment following discharge to the river were compared with those
assuming the source is discharged directly into the local marine compartment. It should be
noted that the local marine compartment is assumed to be the same for all rivers. The results
were used to calculate a ratio between discharge to the river and discharge to a local marine
compartment for each site. A similar approach was adopted for discharges to Lake
Trawsfynydd in the UK, the activity concentrations in the local compartment were compared
assuming discharge to Trawsfynydd lake and discharge to the local marine compartment. The
calculated ratios were used to scale the river discharges (as provided by Working Group A) to
estimate the input to the marine environment. Table 1 provides the calculated ratios that are
used to scale the discharge of activity to the riverine environment to estimate the input of
activity, from those discharges, to the marine environment.

2 References
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Haywood, S.M., Verhoef, N.B., Haverkate, B.R.W. and Artmann, A. (2002) Assessment of
the Radiological Impact on the Population of the European Union of Discharges from
European Union Nuclear Sites between 1987 and 1996. Radiation Protection 128,
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Table 1: Table of site-specific reduction factors by radionuclide to convert discharges to

river to estimate of discharges to the marine environment

Site
Radionuclide Almaraz Aldermaston Amersham  Belleville Beznau Biblis Blayais Brokdorf
Ag-110m 4.08E-01 4.08E-01 2.31E-01 4.96E-01 8.32E-01 8.32E-01
Am-241 4.08E-02 5.00E-01 4.08E-02 6.40E-03 1.08E-01 4.96E-01 4.96E-01
Ba-140 2.78E-01 2.78E-01 1.34E-01 3.61E-01 7.42E-01 7.42E-01
Cd-109 4.08E-01 4.08E-01 2.32E-01 4.92E-01 8.24E-01 8.24E-01
Ce-141 4.04E-02 4.04E-02 6.25E-03 1.04E-01 5.00E-01 5.00E-01
Ce-144 4.04E-02 4.04E-02 6.25E-03 1.04E-01 5.00E-01 5.00E-01
Cm-242 4.09E-02 4.09E-02 6.09E-03 1.09E-01 5.00E-01 5.00E-01
Cm-244 4.09E-02 4.09E-02 6.09E-03 1.09E-01 5.00E-01 5.00E-01
Co-57 4.04E-02 4.04E-02 6.25E-03 1.04E-01 4.96E-01 4.96E-01
Co-58 4.05E-02 4.05E-02 6.19E-03 1.05E-01 5.00E-01 5.00E-01
Co-60 4.08E-02 4.08E-02 6.40E-03 1.04E-01 4.92E-01 4.92E-01
Cr-51 3.88E-02 3.88E-02 5.88E-03 1.00E-01 4.94E-01 4.94E-01
Cs-134 4.04E-01 4.04E-01 2.32E-01 4.88E-01 8.16E-01 8.16E-01
Cs-137 4.12E-01 8.32E-01 4.12E-01 2.36E-01 5.00E-01 8.32E-01 8.32E-01
Cu-64 3.31E-01 0.00E+00 1.73E-01 4.14E-01 7.82E-01 7.82E-01
Eu-155 4.04E-02 4.04E-02 6.40E-03 1.04E-01 4.96E-01 4.96E-01
Fe-55 4.08E-01 4.08E-01 2.32E-01 4.80E-01 8.20E-01 8.20E-01
Fe-59 3.95E-01 3.95E-01 2.16E-01 4.79E-01 8.42E-01 8.42E-01
H-3 9.96E-01 9.96E-01 9.96E-01 9.96E-01 1.00E+00 1.00E+00 9.96E-01 9.96E-01
1-125 9.00E-01
1-131 2.78E-01 2.78E-01 1.34E-01 3.61E-01 7.42E-01 7.42E-01
1-133 2.78E-01 2.78E-01 1.34E-01 3.61E-01 7.42E-01 7.42E-01
La-140 3.31E-01 3.31E-01 1.73E-01 4.14E-01 7.82E-01 7.82E-01
Mn-54 4.08E-02 4.08E-02 6.25E-03 1.08E-01 5.00E-01 5.00E-01
Mo-99 2.78E-01 2.78E-01 1.34E-01 3.61E-01 7.42E-01 7.42E-01
Na-22 9.96E-01 9.96E-01 1.00E+00 1.00E+00 9.96E-01 9.96E-01
Na-24 2.78E-01 2.78E-01 1.34E-01 3.61E-01 7.42E-01 7.42E-01
Ni-63 4.12E-01 4.12E-01 2.36E-01 5.00E-01 8.32E-01 8.32E-01
P-32 3.31E-01 7.82E-01 3.31E-01 1.73E-01 4.14E-01 7.82E-01 7.82E-01
Pu-239 4.08E-02 4.08E-02 6.40E-03 1.08E-01 5.00E-01 5.00E-01
Ru-103 3.79E-01 3.79E-01 2.11E-01 4.63E-01 8.11E-01 8.11E-01
Ru/Rh-106 4.13E-01 4.13E-01 2.33E-01 5.00E-01 8.38E-01 8.38E-01
S-35 3.95E-01 8.18E-01 3.95E-01 2.23E-01 4.82E-01 8.18E-01 8.18E-01
Sb-122 2.78E-01 2.78E-01 1.34E-01 3.61E-01 7.42E-01 7.42E-01
Sb-124 4.08E-01 4.08E-01 2.32E-01 4.92E-01 8.24E-01 8.24E-01
Sb-125 4.08E-01 4.08E-01 2.32E-01 4.92E-01 8.24E-01 8.24E-01
Sr-89 3.90E-01 8.15E-01 3.90E-01 2.15E-01 4.75E-01 8.15E-01 8.15E-01
Sr-90 4.12E-01 4.12E-01 2.36E-01 5.00E-01 8.32E-01 8.32E-01
Te-123m 4.13E-01 4.13E-01 2.33E-01 5.00E-01 8.38E-01 8.38E-01
Te-125m 4.13E-01 4.13E-01 2.33E-01 5.00E-01 8.38E-01 8.38E-01
Te-127m 4.13E-01 4.13E-01 2.33E-01 5.00E-01 8.38E-01 8.38E-01
Te-132 2.78E-01 2.78E-01 1.34E-01 3.61E-01 7.42E-01 7.42E-01
Y-90 1.42E-01 1.42E-01 5.58E-02 2.14E-01 6.28E-01 6.28E-01
Zn-65 4.04E-01 4.04E-01 2.29E-01 4.88E-01 8.21E-01 8.21E-01
Nb-95/Zr-95 4.04E-02 4.04E-02 6.25E-03 1.04E-01 5.00E-01 5.00E-01
Zr-97 6.25E-04

Page C-2




Table 1 (cont’d)

Site
Radionuclide Brunsbittel Cattenom Chinon Chooz Dampierre  Dodewaard Emsland Fessenheim
Ag-110m 8.32E-01 4.96E-01 8.32E-01 4.96E-01 4.08E-01 8.32E-01 8.32E-01 2.31E-01
Am-241 4.96E-01 1.08E-01 4.96E-01 1.08E-01 4.08E-02 4.96E-01 4.96E-01 6.40E-03
Ba-140 7.42E-01 3.61E-01 7.42E-01 3.61E-01 2.78E-01 7.42E-01 7.42E-01 1.34E-01
Cd-109 8.24E-01 4.92E-01 8.24E-01 4.92E-01 4.08E-01 8.24E-01 8.24E-01 2.32E-01
Ce-141 5.00E-01 1.04E-01 5.00E-01 1.04E-01 4.04E-02 5.00E-01 5.00E-01 6.25E-03
Ce-144 5.00E-01 1.04E-01 5.00E-01 1.04E-01 4.04E-02 5.00E-01 5.00E-01 6.25E-03
Cm-242 5.00E-01 1.09E-01 5.00E-01 1.09E-01 4.09E-02 5.00E-01 5.00E-01 6.09E-03
Cm-244 5.00E-01 1.09E-01 5.00E-01 1.09E-01 4.09E-02 5.00E-01 5.00E-01 6.09E-03
Co-57 4.96E-01 1.04E-01 4.96E-01 1.04E-01 4.04E-02 4.96E-01 4.96E-01 6.25E-03
Co-58 5.00E-01 1.05E-01 5.00E-01 1.05E-01 4.05E-02 5.00E-01 5.00E-01 6.19E-03
Co-60 4.92E-01 1.04E-01 4.92E-01 1.04E-01 4.08E-02 4.92E-01 4.92E-01 6.40E-03
Cr-51 4.94E-01 1.00E-01 4.94E-01 1.00E-01 3.88E-02 4.94E-01 4.94E-01 5.88E-03
Cs-134 8.16E-01 4.88E-01 8.16E-01 4.88E-01 4.04E-01 8.16E-01 8.16E-01 2.32E-01
Cs-137 8.32E-01 5.00E-01 8.32E-01 5.00E-01 4.12E-01 8.32E-01 8.32E-01 2.36E-01
Cu-64 7.82E-01 4.14E-01 7.82E-01 4.14E-01 3.31E-01 7.82E-01 7.82E-01 1.73E-01
Eu-155 4.96E-01 1.04E-01 4.96E-01 1.04E-01 4.04E-02 4.96E-01 4.96E-01 6.40E-03
Fe-55 8.20E-01 4.80E-01 8.20E-01 4.80E-01 4.08E-01 8.20E-01 8.20E-01 2.32E-01
Fe-59 8.42E-01 4.79E-01 8.42E-01 4.79E-01 3.95E-01 8.42E-01 8.42E-01 2.16E-01
H-3 9.96E-01 1.00E+00 9.96E-01 1.00E+00 9.96E-01 9.96E-01 9.96E-01 1.00E+00
1-131 7.42E-01 3.61E-01 7.42E-01 3.61E-01 2.78E-01 7.42E-01 7.42E-01 1.34E-01
1-133 7.42E-01 3.61E-01 7.42E-01 3.61E-01 2.78E-01 7.42E-01 7.42E-01 1.34E-01
La-140 7.82E-01 4.14E-01 7.82E-01 4.14E-01 3.31E-01 7.82E-01 7.82E-01 1.73E-01
Mn-54 5.00E-01 1.08E-01 5.00E-01 1.08E-01 4.08E-02 5.00E-01 5.00E-01 6.25E-03
Mo-99 7.42E-01 3.61E-01 7.42E-01 3.61E-01 2.78E-01 7.42E-01 7.42E-01 1.34E-01
Na-22 9.96E-01 1.00E+00 9.96E-01 1.00E+00 9.96E-01 9.96E-01 9.96E-01 1.00E+00
Na-24 7.42E-01 3.61E-01 7.42E-01 3.61E-01 2.78E-01 7.42E-01 7.42E-01 1.34E-01
Ni-63 8.32E-01 5.00E-01 8.32E-01 5.00E-01 4.12E-01 8.32E-01 8.32E-01 2.36E-01
P-32 7.82E-01 4.14E-01 7.82E-01 4.14E-01 3.31E-01 7.82E-01 7.82E-01 1.73E-01
Pu-239 5.00E-01 1.08E-01 5.00E-01 1.08E-01 4.08E-02 5.00E-01 5.00E-01 6.40E-03
Ru-103 8.11E-01 4.63E-01 8.11E-01 4.63E-01 3.79E-01 8.11E-01 8.11E-01 2.11E-01
Ru/Rh-106 8.38E-01 5.00E-01 8.38E-01 5.00E-01 4.13E-01 8.38E-01 8.38E-01 2.33E-01
S-35 8.18E-01 4.82E-01 8.18E-01 4.82E-01 3.95E-01 8.18E-01 8.18E-01 2.23E-01
Sb-122 7.42E-01 3.61E-01 7.42E-01 3.61E-01 2.78E-01 7.42E-01 7.42E-01 1.34E-01
Sb-124 8.24E-01 4.92E-01 8.24E-01 4.92E-01 4.08E-01 8.24E-01 8.24E-01 2.32E-01
Sb-125 8.24E-01 4.92E-01 8.24E-01 4.92E-01 4.08E-01 8.24E-01 8.24E-01 2.32E-01
Sr-89 8.15E-01 4.75E-01 8.15E-01 4.75E-01 3.90E-01 8.15E-01 8.15E-01 2.15E-01
Sr-90 8.32E-01 5.00E-01 8.32E-01 5.00E-01 4.12E-01 8.32E-01 8.32E-01 2.36E-01
Te-123m 8.38E-01 5.00E-01 8.38E-01 5.00E-01 4.13E-01 8.38E-01 8.38E-01 2.33E-01
Te-125m 8.38E-01 5.00E-01 8.38E-01 5.00E-01 4.13E-01 8.38E-01 8.38E-01 2.33E-01
Te-127m 8.38E-01 5.00E-01 8.38E-01 5.00E-01 4.13E-01 8.38E-01 8.38E-01 2.33E-01
Te-132 7.42E-01 3.61E-01 7.42E-01 3.61E-01 2.78E-01 7.42E-01 7.42E-01 1.34E-01
Y-90 6.28E-01 2.14E-01 6.28E-01 2.14E-01 1.42E-01 6.28E-01 6.28E-01 5.58E-02
Zn-65 8.21E-01 4.88E-01 8.21E-01 4.88E-01 4.04E-01 8.21E-01 8.21E-01 2.29E-01
Nb-95/Zr-95 5.00E-01 1.04E-01 5.00E-01 1.04E-01 4.04E-02 5.00E-01 5.00E-01 6.25E-03
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Table 1 (cont’d)

Site
Radionuclide Golfech Gdsgen Grafenrhein- Grohnde Harwell Jose Kahl Karlsruhe
feld Cabrera

Ag-110m 8.32E-01 2.31E-01 4.96E-01 4.96E-01 8.32E-01 4.08E-01 4.96E-01 4.16E-01
Am-241 4.96E-01 6.40E-03 1.08E-01 1.08E-01 4.96E-01 4.08E-02 1.08E-01 5.60E-02
Ba-140 7.42E-01 1.34E-01 3.61E-01 3.61E-01 7.42E-01 2.78E-01 3.61E-01 2.89E-01
Cd-109 8.24E-01 2.32E-01 4.92E-01 4.92E-01 8.24E-01 4.08E-01 4.92E-01 4.16E-01
Ce-141 5.00E-01 6.25E-03 1.04E-01 1.04E-01 5.00E-01 4.04E-02 1.04E-01 5.42E-02
Ce-144 5.00E-01 6.25E-03 1.04E-01 1.04E-01 5.00E-01 4.04E-02 1.04E-01 5.42E-02
Cm-242 5.00E-01 6.09E-03 1.09E-01 1.09E-01 5.00E-01 4.09E-02 1.09E-01 5.65E-02
Cm-244 5.00E-01 6.09E-03 1.09E-01 1.09E-01 5.00E-01 4.09E-02 1.09E-01 5.65E-02
Co-57 4.96E-01 6.25E-03 1.04E-01 1.04E-01 4.96E-01 4.04E-02 1.04E-01 5.42E-02
Co-58 5.00E-01 6.19E-03 1.05E-01 1.05E-01 5.00E-01 4.05E-02 1.05E-01 5.24E-02
Co-60 4.92E-01 6.40E-03 1.04E-01 1.04E-01 4.92E-01 4.08E-02 1.04E-01 5.60E-02
Cr-51 4.94E-01 5.88E-03 1.00E-01 1.00E-01 4.94E-01 3.88E-02 1.00E-01 5.29E-02
Cs-134 8.16E-01 2.32E-01 4.88E-01 4.88E-01 8.16E-01 4.04E-01 4.88E-01 4.12E-01
Cs-137 8.32E-01 2.36E-01 5.00E-01 5.00E-01 8.32E-01 4.12E-01 5.00E-01 4.20E-01
Cu-64 7.82E-01 1.73E-01 4.14E-01 4.14E-01 7.82E-01 3.31E-01 4.14E-01 3.38E-01
Eu-155 4.96E-01 6.40E-03 1.04E-01 1.04E-01 4.96E-01 4.04E-02 1.04E-01 5.60E-02
Fe-55 8.20E-01 2.32E-01 4.80E-01 4.80E-01 8.20E-01 4.08E-01 4.80E-01 4.12E-01
Fe-59 8.42E-01 2.16E-01 4.79E-01 4.79E-01 8.42E-01 3.95E-01 4.79E-01 4.00E-01
H-3 9.96E-01 1.00E+00 1.00E+00 1.00E+00 9.96E-01 9.96E-01 1.00E+00 9.96E-01
1-131 7.42E-01 1.34E-01 3.61E-01 3.61E-01 7.42E-01 2.78E-01 3.61E-01 2.89E-01
1-133 7.42E-01 1.34E-01 3.61E-01 3.61E-01 7.42E-01 2.78E-01 3.61E-01 2.89E-01
La-140 7.82E-01 1.73E-01 4.14E-01 4.14E-01 7.82E-01 3.31E-01 4.14E-01 3.38E-01
Mn-54 5.00E-01 6.25E-03 1.08E-01 1.08E-01 5.00E-01 4.08E-02 1.08E-01 5.42E-02
Mo-99 7.42E-01 1.34E-01 3.61E-01 3.61E-01 7.42E-01 2.78E-01 3.61E-01 2.89E-01
Na-22 9.96E-01 1.00E+00 1.00E+00 1.00E+00 9.96E-01 9.96E-01 1.00E+00 9.96E-01
Na-24 7.42E-01 1.34E-01 3.61E-01 3.61E-01 7.42E-01 2.78E-01 3.61E-01 1.12E-01
Ni-63 8.32E-01 2.36E-01 5.00E-01 5.00E-01 8.32E-01 4.12E-01 5.00E-01 4.20E-01
P-32 7.82E-01 1.73E-01 4.14E-01 4.14E-01 7.82E-01 3.31E-01 4.14E-01 3.38E-01
Pu-238 5.60E-02
Pu-239 5.00E-01 6.40E-03 1.08E-01 1.08E-01 5.00E-01 4.08E-02 1.08E-01 5.60E-02
Ru-103 8.11E-01 2.11E-01 4.63E-01 4.63E-01 8.11E-01 3.79E-01 4.63E-01 3.84E-01
Ru/Rh-106 8.38E-01 2.33E-01 5.00E-01 5.00E-01 8.38E-01 4.13E-01 5.00E-01 4.17E-01
S-35 8.18E-01 2.23E-01 4.82E-01 4.82E-01 8.18E-01 3.95E-01 4.82E-01 4.00E-01
Sb-122 7.42E-01 1.34E-01 3.61E-01 3.61E-01 7.42E-01 2.78E-01 3.61E-01 2.89E-01
Sb-124 8.24E-01 2.32E-01 4.92E-01 4.92E-01 8.24E-01 4.08E-01 4.92E-01 4.16E-01
Sb-125 8.24E-01 2.32E-01 4.92E-01 4.92E-01 8.24E-01 4.08E-01 4.92E-01 4.16E-01
Sr-89 8.15E-01 2.15E-01 4.75E-01 4.75E-01 8.15E-01 3.90E-01 4.75E-01 3.95E-01
Sr-90 8.32E-01 2.36E-01 5.00E-01 5.00E-01 8.32E-01 4.12E-01 5.00E-01 4.20E-01
Te-123m 8.38E-01 2.33E-01 5.00E-01 5.00E-01 8.38E-01 4.13E-01 5.00E-01 4.17E-01
Te-125m 8.38E-01 2.33E-01 5.00E-01 5.00E-01 8.38E-01 4.13E-01 5.00E-01 4.17E-01
Te-127m 8.38E-01 2.33E-01 5.00E-01 5.00E-01 8.38E-01 4.13E-01 5.00E-01 4.17E-01
Te-132 7.42E-01 1.34E-01 3.61E-01 3.61E-01 7.42E-01 2.78E-01 3.61E-01 2.89E-01
Y-90 6.28E-01 5.58E-02 2.14E-01 2.14E-01 6.28E-01 1.42E-01 2.14E-01 1.63E-01
Zn-65 8.21E-01 2.29E-01 4.88E-01 4.88E-01 8.21E-01 4.04E-01 4.88E-01 4.08E-01
Nb-95/Zr-95 5.00E-01 6.25E-03 1.04E-01 1.04E-01 5.00E-01 4.04E-02 1.04E-01 5.42E-02
Zr-97 6.25E-04 5.42E-03
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Table 1 (cont’d)

Site
Radionuclide Krimmel Leibstadt Muelheim Muhleberg  Neckarwest- Nogent Obrigheim  Philippsburg
heim

Ag-110m 6.72E-01 2.31E-01 6.72E-01 2.31E-01 4.16E-01 5.46E-01 4.16E-01 4.16E-01
Am-241 2.96E-01 6.40E-03 2.96E-01 6.40E-03 5.60E-02 1.12E-01 5.60E-02 5.60E-02
Ba-140 5.82E-01 1.34E-01 5.82E-01 1.34E-01 2.89E-01 4.10E-01 2.89E-01 2.89E-01
Cd-109 6.68E-01 2.32E-01 6.68E-01 2.32E-01 4.16E-01 5.48E-01 4.16E-01 4.16E-01
Ce-141 2.92E-01 6.25E-03 2.92E-01 6.25E-03 5.42E-02 1.08E-01 5.42E-02 5.42E-02
Ce-144 2.92E-01 6.25E-03 2.92E-01 6.25E-03 5.42E-02 1.08E-01 5.42E-02 5.42E-02
Cm-242 2.96E-01 6.09E-03 2.96E-01 6.09E-03 5.65E-02 1.09E-01 5.65E-02 5.65E-02
Cm-244 2.96E-01 6.09E-03 2.96E-01 6.09E-03 5.65E-02 1.09E-01 5.65E-02 5.65E-02
Co-57 2.92E-01 6.25E-03 2.92E-01 6.25E-03 5.42E-02 1.08E-01 5.42E-02 5.42E-02
Co-58 2.95E-01 6.19E-03 2.95E-01 6.19E-03 5.24E-02 1.10E-01 5.24E-02 5.24E-02
Co-60 2.92E-01 6.40E-03 2.92E-01 6.40E-03 5.60E-02 1.08E-01 5.60E-02 5.60E-02
Cr-51 2.88E-01 5.88E-03 2.88E-01 5.88E-03 5.29E-02 1.06E-01 5.29E-02 5.29E-02
Cs-134 6.64E-01 2.32E-01 6.64E-01 2.32E-01 4.12E-01 5.44E-01 4.12E-01 4.12E-01
Cs-137 6.80E-01 2.36E-01 6.80E-01 2.36E-01 4.20E-01 5.60E-01 4.20E-01 4.20E-01
Cu-64 6.17E-01 1.73E-01 6.17E-01 1.73E-01 3.38E-01 4.66E-01 3.38E-01 3.38E-01
Eu-155 2.92E-01 6.40E-03 2.92E-01 6.40E-03 5.60E-02 1.08E-01 5.60E-02 5.60E-02
Fe-55 6.64E-01 2.32E-01 6.64E-01 2.32E-01 4.12E-01 5.44E-01 4.12E-01 4.12E-01
Fe-59 6.74E-01 2.16E-01 6.74E-01 2.16E-01 4.00E-01 5.37E-01 4.00E-01 4.00E-01
H-3 1.00E+00 1.00E+00 1.00E+00 1.00E+00 9.96E-01 9.96E-01 9.96E-01 9.96E-01
1-131 5.82E-01 1.34E-01 5.82E-01 1.34E-01 2.89E-01 4.10E-01 2.89E-01 2.89E-01
1-133 5.82E-01 1.34E-01 5.82E-01 1.34E-01 2.89E-01 4.10E-01 2.89E-01 2.89E-01
La-140 6.17E-01 1.73E-01 6.17E-01 1.73E-01 3.38E-01 4.66E-01 3.38E-01 3.38E-01
Mn-54 2.92E-01 6.25E-03 2.92E-01 6.25E-03 5.42E-02 1.10E-01 5.42E-02 5.42E-02
Mo-99 5.82E-01 1.34E-01 5.82E-01 1.34E-01 2.89E-01 4.10E-01 2.89E-01 2.89E-01
Na-22 1.00E+00 1.00E+00 1.00E+00 1.00E+00 9.96E-01 9.96E-01 9.96E-01 9.96E-01
Na-24 5.82E-01 1.34E-01 5.82E-01 1.34E-01 1.12E-01 4.10E-01 1.12E-01 1.12E-01
Ni-63 6.80E-01 2.36E-01 6.80E-01 2.36E-01 4.20E-01 5.60E-01 4.20E-01 4.20E-01
P-32 6.17E-01 1.73E-01 6.17E-01 1.73E-01 3.38E-01 4.66E-01 3.38E-01 3.38E-01
Pu-238 2.92E-01 2.92E-01 5.60E-02 1.12E-01 5.60E-02 5.60E-02
Pu-239 2.92E-01 6.40E-03 2.92E-01 6.40E-03 5.60E-02 1.12E-01 5.60E-02 5.60E-02
Ru-103 6.47E-01 2.11E-01 6.47E-01 2.11E-01 3.84E-01 5.16E-01 3.84E-01 3.84E-01
Ru/Rh-106 6.79E-01 2.33E-01 6.79E-01 2.33E-01 4.17E-01 5.54E-01 4.17E-01 4.17E-01
S-35 6.59E-01 2.23E-01 6.59E-01 2.23E-01 4.00E-01 5.36E-01 4.00E-01 4.00E-01
Sb-122 5.82E-01 1.34E-01 5.82E-01 1.34E-01 2.89E-01 4.10E-01 2.89E-01 2.89E-01
Sb-124 6.68E-01 2.32E-01 6.68E-01 2.32E-01 4.16E-01 5.48E-01 4.16E-01 4.16E-01
Sb-125 6.68E-01 2.32E-01 6.68E-01 2.32E-01 4.16E-01 5.48E-01 4.16E-01 4.16E-01
Sr-89 6.55E-01 2.15E-01 6.55E-01 2.15E-01 3.95E-01 5.30E-01 3.95E-01 3.95E-01
Sr-90 6.76E-01 2.36E-01 6.76E-01 2.36E-01 4.20E-01 5.60E-01 4.20E-01 4.20E-01
Te-123m 6.79E-01 2.33E-01 6.79E-01 2.33E-01 4.17E-01 5.54E-01 4.17E-01 4.17E-01
Te-125m 6.79E-01 2.33E-01 6.79E-01 2.33E-01 4.17E-01 5.54E-01 4.17E-01 4.17E-01
Te-127m 6.79E-01 2.33E-01 6.79E-01 2.33E-01 4.17E-01 5.54E-01 4.17E-01 4.17E-01
Te-132 5.82E-01 1.34E-01 5.82E-01 1.34E-01 2.89E-01 4.10E-01 2.89E-01 2.89E-01
Y-90 4.65E-01 5.58E-02 4.65E-01 5.58E-02 1.63E-01 2.44E-01 1.63E-01 1.63E-01
Zn-65 6.67E-01 2.29E-01 6.67E-01 2.29E-01 4.08E-01 5.42E-01 4.08E-01 4.08E-01
Nb-95/Zr-95 2.92E-01 6.25E-03 2.92E-01 6.25E-03 5.42E-02 1.08E-01 5.42E-02 5.42E-02
Zr-97 6.25E-04 6.25E-04 5.42E-03 5.42E-03 5.42E-03
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Table 1 (cont’d)

Site
Radionuclide Rheinsberg StLaurent Stade Tihange Trawsfynydd Trillo Wirgassen
Ag-110m 6.72E-01 5.46E-01 6.72E-01 4.96E-01 6.67E-01 4.08E-01 4.96E-01
Am-241 2.96E-01 1.12E-01 2.96E-01 1.08E-01 4.08E-02 1.08E-01
Ba-140 5.82E-01 4.10E-01 5.82E-01 3.61E-01 2.78E-01 3.61E-01
C-14 5.20E-01
Ca-45 5.20E-01
Cd-109 6.68E-01 5.48E-01 6.68E-01 4.92E-01 4.08E-01 4.92E-01
Ce-141 2.92E-01 1.08E-01 2.92E-01 1.04E-01 4.04E-02 1.04E-01
Ce-144 2.92E-01 1.08E-01 2.92E-01 1.04E-01 8.00E-02 4.04E-02 1.04E-01
Cm-242 2.96E-01 1.09E-01 2.96E-01 1.09E-01 4.09E-02 1.09E-01
Cm-244 2.96E-01 1.09E-01 2.96E-01 1.09E-01 4.09E-02 1.09E-01
Co-57 2.92E-01 1.08E-01 2.92E-01 1.04E-01 4.04E-02 1.04E-01
Co-58 2.95E-01 1.10E-01 2.95E-01 1.05E-01 4.05E-02 1.05E-01
Co-60 2.92E-01 1.08E-01 2.92E-01 1.04E-01 8.00E-02 4.08E-02 1.04E-01
Cr-51 2.88E-01 1.06E-01 2.88E-01 1.00E-01 8.00E-02 3.88E-02 1.00E-01
Cs-134 6.64E-01 5.44E-01 6.64E-01 4.88E-01 5.20E-01 4.04E-01 4.88E-01
Cs-137 6.80E-01 5.60E-01 6.80E-01 5.00E-01 5.20E-01 4.12E-01 5.00E-01
Cu-64 6.17E-01 4.66E-01 6.17E-01 4.14E-01 3.31E-01 4.14E-01
Eu-154 8.00E-02
Eu-155 2.92E-01 1.08E-01 2.92E-01 1.04E-01 8.00E-02 4.04E-02 1.04E-01
Fe-55 6.64E-01 5.44E-01 6.64E-01 4.80E-01 5.20E-01 4.08E-01 4.80E-01
Fe-59 6.74E-01 5.37E-01 6.74E-01 4.79E-01 5.20E-01 3.95E-01 4.79E-01
H-3 1.00E+00 9.96E-01 1.00E+00 1.00E+00 9.20E-01 9.96E-01 1.00E+00
1-131 5.82E-01 4.10E-01 5.82E-01 3.61E-01 2.78E-01 3.61E-01
1-133 5.82E-01 4.10E-01 5.82E-01 3.61E-01 2.78E-01 3.61E-01
La-140 6.17E-01 4.66E-01 6.17E-01 4.14E-01 3.31E-01 4.14E-01
Mn-54 2.92E-01 1.10E-01 2.92E-01 1.08E-01 8.00E-02 4.08E-02 1.08E-01
Mo-99 5.82E-01 4.10E-01 5.82E-01 3.61E-01 2.78E-01 3.61E-01
Na-22 1.00E+00 9.96E-01 1.00E+00 1.00E+00 9.96E-01 1.00E+00
Na-24 5.82E-01 4.10E-01 5.82E-01 3.61E-01 2.78E-01 3.61E-01
Ni-63 6.80E-01 5.60E-01 6.80E-01 5.00E-01 5.20E-01 4.12E-01 5.00E-01
P-32 6.17E-01 4.66E-01 6.17E-01 4.14E-01 5.20E-01 3.31E-01 4.14E-01
Pm-147 8.00E-02
Pu-238 2.92E-01 1.12E-01 2.92E-01
Pu-239 2.92E-01 1.12E-01 2.92E-01 1.08E-01 8.00E-02 4.08E-02 1.08E-01
Ru-103 6.47E-01 5.16E-01 6.47E-01 4.63E-01 3.79E-01 4.63E-01
Ru/Rh-106 6.79E-01 5.54E-01 6.79E-01 5.00E-01 5.20E-01 4.13E-01 5.00E-01
S-35 6.59E-01 5.36E-01 6.59E-01 4.82E-01 5.20E-01 3.95E-01 4.82E-01
Sb-122 5.82E-01 4.10E-01 5.82E-01 3.61E-01 2.78E-01 3.61E-01
Sb-124 6.68E-01 5.48E-01 6.68E-01 4.92E-01 5.20E-01 4.08E-01 4.92E-01
Sb-125 6.68E-01 5.48E-01 6.68E-01 4.92E-01 5.20E-01 4.08E-01 4.92E-01
Sr-89 6.55E-01 5.30E-01 6.55E-01 4.75E-01 5.20E-01 3.90E-01 4.75E-01
Sr-90 6.76E-01 5.60E-01 6.76E-01 5.00E-01 5.20E-01 4.12E-01 5.00E-01
Te-123m 6.79E-01 5.54E-01 6.79E-01 5.00E-01 4.13E-01 5.00E-01
Te-125m 6.79E-01 5.54E-01 6.79E-01 5.00E-01 5.20E-01 4.13E-01 5.00E-01
Te-127m 6.79E-01 5.54E-01 6.79E-01 5.00E-01 4.13E-01 5.00E-01
Te-132 5.82E-01 4.10E-01 5.82E-01 3.61E-01 2.78E-01 3.61E-01
Y-90 4.65E-01 2.44E-01 4.65E-01 2.14E-01 2.60E-01 1.42E-01 2.14E-01
Y-91 5.20E-01
Zn-65 6.67E-01 5.42E-01 6.67E-01 4.88E-01 5.20E-01 4.04E-01 4.88E-01
Nb-95/Zr-95 2.92E-01 1.08E-01 2.92E-01 1.04E-01 8.00E-02 4.04E-02 1.04E-01
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Appendix D - Detailed results

Table 1: Collective dose rates to the European Union population by site/source due to discharges up to
2000 only (man Svy™)

Operation Military UK Nuclear Power Stations

Year Aldermaston Barrow Devonport  Faslane Rosyth Almaraz Barseback Belleville Berkeley Beznau Biblis Blayais Borssele

1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1953 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1954 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1956 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1958 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1960 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1961 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1962 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1963 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.09E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1964 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.26E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1965 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.53E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.26E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1967 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.01E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1968 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.64E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.01E-02 3.25E-04 0.00E+00 0.00E+00 0.00E+00
1970 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.36E-03 4.32E-04 0.00E+00 0.00E+00 0.00E+00
1971 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.58E-03 4.79E-04 0.00E+00 0.00E+00 0.00E+00
1972 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.64E-03 5.02E-04 0.00E+00 0.00E+00 0.00E+00
1973 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.80E-03 5.14E-04 0.00E+00 0.00E+00 1.67E-04
1974 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.28E-03 5.21E-04 1.09E-05 0.00E+00 5.53E-04
1975 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.70E-06 0.00E+00 1.14E-02 2.15E-04 1.52E-05 0.00E+00 1.72E-03
1976 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.56E-05 0.00E+00 2.31E-02 2.95E-04 2.33E-05 0.00E+00 9.77E-04
1977 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.64E-04 0.00E+00 3.01E-02 2.86E-04 1.84E-05 0.00E+00 5.56E-04
1978 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E-04 0.00E+00 1.15E-02 2.26E-04 3.22E-05 0.00E+00 4.08E-04
1979 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.60E-04 0.00E+00 9.54E-03 1.32E-04 4.12E-05 0.00E+00 4.13E-04
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Table 1 (cont’d)

Operation Military UK

Nuclear Power Stations

Year Aldermaston Barrow Devonport  Faslane Rosyth Almaraz Barseback Belleville Berkeley Beznau Biblis Blayais Borssele

1980 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.91E-04 0.00E+00 9.51E-03 1.88E-04 4.46E-05 0.00E+00 2.19E-04
1981 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.58E-04 3.04E-04 0.00E+00 7.27E-03 1.38E-04 2.89E-05 3.71E-03 4.36E-04
1982 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E-04 7.08E-04 0.00E+00 4.99E-03 1.29E-04 2.68E-05 3.73E-03 3.14E-04
1983 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.15E-05 4.38E-04 0.00E+00 4.94E-03 1.01E-04 2.52E-05 3.74E-03 2.40E-04
1984 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.14E-05 3.90E-04 0.00E+00 2.65E-03 1.01E-04 1.94E-05 3.77E-03 3.76E-04
1985 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.78E-04 1.41E-04 0.00E+00 2.46E-03 1.60E-04 2.03E-05 2.33E-03 3.01E-04
1986 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.05E-04 9.94E-05 0.00E+00 2.42E-03 1.79E-04 1.86E-05 2.68E-03 1.78E-04
1987 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.33E-05 2.29E-04 2.47E-05 2.06E-03 1.86E-04 2.16E-05 4.76E-03 1.35E-04
1988 6.05E-09 0.00E+00 5.77E-05 0.00E+00 5.65E-06 1.57E-04 1.73E-04 1.15E-04 2.27E-03 1.89E-04 1.36E-05 4.00E-03 1.71E-04
1989 1.35E-08 0.00E+00 9.52E-05 1.74E-08 5.73E-06 1.57E-04 1.45E-04 7.48E-04 1.91E-03 1.91E-04 1.32E-05 3.14E-03 1.95E-04
1990 3.66E-07 0.00E+00 4.50E-05 2.11E-08 4.83E-06 2.27E-04 1.74E-04 1.62E-04 1.02E-03 1.92E-04 9.87E-06 3.38E-03 7.04E-05
1991 9.73E-08 0.00E+00 4.13E-05 1.69E-08 5.14E-06 1.50E-04 3.21E-04 1.32E-04 8.39E-04 1.92E-04 9.30E-06 1.13E-03 3.67E-05
1992 5.24E-08 0.00E+00 6.24E-05 1.79E-08 7.67E-06 4.80E-05 3.28E-04 6.73E-05 7.47E-04 1.92E-04 9.84E-06 1.86E-03 6.44E-05
1993 3.72E-08 7.85E-10 4.63E-05 1.04E-06 7.82E-06 5.20E-05 1.67E-04 1.75E-04 6.85E-04 1.92E-04 1.11E-05 7.41E-04 5.27E-05
1994 4.31E-08 9.62E-10 2.08E-05 8.42E-07 7.74E-06 1.19E-03 1.37E-04 7.35E-05 6.33E-04 8.63E-05 1.16E-05 4.54E-04 5.48E-05
1995 3.10E-08 7.49E-10 1.77E-05 2.31E-06 8.05E-06 6.02E-05 1.79E-04 6.31E-05 5.90E-04 5.40E-05 9.88E-06 1.06E-03 3.80E-05
1996 1.59E-08 1.34E-09 1.37E-05 1.68E-06 7.84E-06 6.37E-05 2.51E-04 1.35E-04 5.54E-04 4.09E-05 7.95E-06 3.33E-04 3.36E-05
1997 7.04E-09 7.01E-10 1.20E-05 1.58E-06 7.46E-06 1.02E-04 1.50E-04 5.19E-05 5.20E-04 3.13E-05 6.51E-06 1.39E-04 4.33E-05
1998 4.01E-09 5.14E-10 1.21E-05 7.92E-07 7.67E-06 1.07E-04 1.19E-04 4.40E-05 4.91E-04 2.70E-05 1.13E-05 1.29E-04 2.48E-05
1999 2.61E-09 1.40E-09 1.00E-05 6.44E-07 7.89E-06 1.32E-04 1.17E-04 5.53E-05 4.63E-04 2.44E-05 1.08E-05 1.00E-04 2.14E-05
2000 2.00E-09 1.72E-09 8.99E-06 5.66E-07 7.96E-06 1.32E-04 1.12E-04 5.53E-05 4.38E-04 2.27E-05 1.12E-05 9.69E-05 1.72E-05
2001 1.07E-09 9.19E-10 6.20E-06 4.46E-07 4.64E-06 3.67E-06 6.37E-05 1.35E-06 4.16E-04 1.35E-05 4.16E-06 1.86E-05 9.78E-06
2002 7.55E-10 6.74E-10 5.27E-06 3.76E-07 3.96E-06 3.25E-06 5.29E-05 1.04E-06 3.95E-04 1.08E-05 2.21E-06 1.59E-05 8.33E-06
2003 6.00E-10 4.69E-10 4.47E-06 3.20E-07 3.39E-06 2.89E-06 4.45E-05 8.65E-07 3.75E-04 9.31E-06 1.36E-06 1.37E-05 7.00E-06
2004 5.04E-10 3.17E-10 3.80E-06 2.74E-07 2.90E-06 2.59E-06 3.79E-05 7.43E-07 3.58E-04 8.30E-06 9.47E-07 1.18E-05 5.95E-06
2005 4.37E-10 2.11E-10 3.23E-06 2.34E-07 2.48E-06 2.34E-06 3.22E-05 6.50E-07 3.40E-04 7.54E-06 7.32E-07 1.03E-05 5.08E-06
2006 3.87E-10 1.43E-10 2.76E-06 2.01E-07 2.12E-06 2.12E-06 2.73E-05 5.75E-07 3.25E-04 6.89E-06 6.06E-07 9.02E-06 4.34E-06
2007 3.43E-10 9.86E-11 2.35E-06 1.73E-07 1.82E-06 1.93E-06 2.33E-05 5.10E-07 3.10E-04 6.35E-06 5.24E-07 7.92E-06 3.73E-06
2008 3.07E-10 7.00E-11 2.01E-06 1.49E-07 1.55E-06 1.75E-06 2.00E-05 4.56E-07 2.97E-04 5.85E-06 4.64E-07 6.96E-06 3.22E-06
2009 2.75E-10 5.15E-11 1.71E-06 1.29E-07 1.33E-06 1.60E-06 1.72E-05 4.10E-07 2.84E-04 5.41E-06 4.18E-07 6.16E-06 2.76E-06
2010 2.46E-10 3.91E-11 1.46E-06 1.11E-07 1.14E-06 1.48E-06 1.47E-05 3.68E-07 2.73E-04 4.99E-06 3.77E-07 5.47E-06 2.39E-06
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Table 1 (cont’d)

Operation Military UK

Nuclear Power Stations

Year Aldermaston Barrow Devonport  Faslane Rosyth Almaraz Barseback Belleville Berkeley Beznau Biblis Blayais Borssele

2011 2.21E-10 3.04E-11 1.25E-06 9.51E-08 9.78E-07 1.36E-06 1.27E-05 3.33E-07 2.62E-04 4.62E-06 3.42E-07 4.86E-06 2.06E-06
2012 1.98E-10 2.42E-11 1.06E-06 8.19E-08 8.36E-07 1.25E-06 1.09E-05 3.02E-07 2.51E-04 4.29E-06 3.11E-07 4.35E-06 1.78E-06
2013 1.78E-10 1.95E-11 9.10E-07 7.06E-08 717E-07 1.16E-06 9.45E-06 2.75E-07 2.41E-04 3.98E-06 2.85E-07 3.90E-06 1.53E-06
2014 1.60E-10 1.59E-11 7.77E-07 6.08E-08 6.14E-07 1.08E-06 8.18E-06 2.50E-07 2.32E-04 3.69E-06 2.60E-07 3.50E-06 1.33E-06
2015 1.44E-10 1.31E-11 6.64E-07 5.25E-08 5.27E-07 9.99E-07 7.13E-06 2.28E-07 2.24E-04 3.43E-06 2.38E-07 3.17E-06 1.15E-06
2016 1.29E-10 1.09E-11 5.68E-07 4.53E-08 4.51E-07 9.31E-07 6.21E-06 2.10E-07 2.16E-04 3.19E-06 2.18E-07 2.88E-06 1.00E-06
2017 1.16E-10 9.08E-12 4.87E-07 3.90E-08 3.87E-07 8.68E-07 5.41E-06 1.92E-07 2.07E-04 2.97E-06 2.00E-07 2.62E-06 8.69E-07
2018 1.04E-10 7.62E-12 4.17E-07 3.37E-08 3.32E-07 8.12E-07 4.75E-06 1.77E-07 2.00E-04 2.77E-06 1.84E-07 2.39E-06 7.57E-07
2019 9.38E-11 6.41E-12 3.56E-07 2.91E-08 2.84E-07 7.60E-07 4.18E-06 1.64E-07 1.94E-04 2.58E-06 1.69E-07 2.20E-06 6.60E-07
2020 8.45E-11 5.42E-12 3.05E-07 2.51E-08 2.44E-07 7.13E-07 3.70E-06 1.52E-07 1.87E-04 2.41E-06 1.56E-07 2.02E-06 5.77E-07
2025 5.04E-11 2.47E-12 1.42E-07 1.20E-08 1.13E-07 5.29E-07 2.09E-06 1.07E-07 1.60E-04 1.74E-06 1.08E-07 1.39E-06 3.02E-07
2030 3.06E-11 1.21E-12 6.65E-08 5.80E-09 5.29E-08 4.05E-07 1.31E-06 7.82E-08 1.38E-04 1.28E-06 7.73E-08  1.02E-06 1.67E-07
2035 1.89E-11 6.41E-13 3.15E-08 2.81E-09 2.48E-08 3.17E-07 8.99E-07 5.92E-08 1.21E-04 9.75E-07 5.81E-08 7.83E-07 1.01E-07
2040 1.20E-11 3.59E-13 1.50E-08 1.36E-09 1.17E-08 2.53E-07 6.65E-07 4.59E-08 1.07E-04 7.58E-07 4.54E-08 6.18E-07 6.57E-08
2045 7.78E-12 2.12E-13 7.22E-09 6.64E-10 5.52E-09 2.04E-07 5.17E-07 3.63E-08 9.48E-05 6.02E-07 3.68E-08 4.97E-07 4.70E-08
2050 5.16E-12 1.31E-13 3.49E-09 3.26E-10 2.61E-09 1.65E-07 4.17E-07 2.90E-08 8.49E-05 4.88E-07 3.05E-08 4.05E-07 3.60E-08
2055 3.48E-12 8.25E-14 1.70E-09 1.61E-10 1.24E-09 1.36E-07 3.43E-07 2.35E-08 7.64E-05 4.02E-07 2.58E-08 3.34E-07 2.91E-08
2060 2.40E-12 5.37E-14 8.32E-10 7.97E-11 5.95E-10 1.13E-07 2.88E-07 1.91E-08 6.92E-05 3.34E-07 2.22E-08 2.76E-07 2.46E-08
2065 1.67E-12 3.59E-14 4.09E-10 3.99E-11 2.86E-10 9.32E-08 2.43E-07 1.57E-08 6.31E-05 2.81E-07 1.93E-08 2.30E-07 2.11E-08
2070 1.18E-12 2.44E-14 2.02E-10 2.02E-11 1.37E-10 7.75E-08 2.08E-07 1.29E-08 5.75E-05 2.39E-07 1.69E-08 1.92E-07 1.85E-08
2075 8.38E-13 1.68E-14 1.00E-10 1.04E-11 6.65E-11 6.48E-08 1.77E-07 1.07E-08 5.29E-05 2.03E-07 1.50E-08 1.60E-07 1.64E-08
2080 6.01E-13 1.18E-14 5.00E-11 5.41E-12 3.22E-11 5.44E-08 1.52E-07 8.94E-09 4.87E-05 1.73E-07 1.33E-08 1.35E-07 1.46E-08
2085 4.34E-13 8.32E-15 2.50E-11 2.89E-12 1.57E-11 4.57E-08 1.32E-07 7.47E-09 4.51E-05 1.49E-07 1.18E-08 1.14E-07 1.31E-08
2090 3.14E-13 5.91E-15 1.26E-11 1.59E-12 7.66E-12 3.85E-08 1.13E-07 6.26E-09 4.17E-05 1.28E-07 1.06E-08 9.59E-08 1.18E-08
2095 2.28E-13 4.24E-15 6.37E-12 9.05E-13 3.75E-12 3.26E-08 9.78E-08 5.26E-09 3.87E-05 1.11E-07 9.53E-09 8.11E-08 1.06E-08
2100 1.67E-13 3.06E-15 3.26E-12 5.35E-13 1.85E-12 2.76E-08 8.49E-08 4.44E-09 3.61E-05 9.59E-08 8.58E-09 6.87E-08 9.58E-09
2200 3.52E-16 5.97E-18 4.83E-16 5.63E-16 6.37E-17 1.25E-09 8.08E-09 1.95E-10 1.18E-05 5.68E-09 1.50E-09 3.13E-09 1.74E-09
2300 7.92E-19 1.33E-20 1.04E-18 1.27E-18 1.40E-19 7.27E-11 2.71E-09 1.13E-11 4.87E-06 3.65E-10 4.02E-10 1.82E-10 4.84E-10
2400 1.89E-21 3.16E-23 2.47E-21 3.04E-21 3.33E-22 4.89E-12 1.65E-09 7.64E-13 2.28E-06 2.53E-11 1.39E-10  1.24E-11 1.73E-10
2500 4.84E-24 8.18E-26 6.44E-24 7.83E-24 8.55E-25 3.73E-13 1.17E-09 5.84E-14 1.24E-06 1.89E-12 5.87E-11  9.51E-13 7.36E-11
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Bradwell Brokdorf Brunsbuttel Cattenom Chapelcross Chinon Chooz Dampierre  Doel Dodewaard Dungeness Emsland Fessenheim
1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
1953 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
1954 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
1955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
1956 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
1958 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.64E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
1960 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.92E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
1961 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.08E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00 0.00E+00
1962 5.03E-06 0.00E+00 0.00E+00 0.00E+00 1.50E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
1963 1.81E-04 0.00E+00 0.00E+00 0.00E+00 1.18E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
1964 3.80E-03 0.00E+00 0.00E+00 0.00E+00 9.23E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.00E+00
1965 1.81E-02 0.00E+00 0.00E+00 0.00E+00 7.61E-03 9.49E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.67E-05  0.00E+00 0.00E+00
1966 3.01E-02 0.00E+00 0.00E+00 0.00E+00 1.38E-02 9.75E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.00E-03  0.00E+00 0.00E+00
1967 9.70E-02 0.00E+00 0.00E+00 0.00E+00 3.11E-02 9.93E-04 2.72E-03 0.00E+00 0.00E+00 0.00E+00 1.79E-02  0.00E+00 0.00E+00
1968 7.29E-02 0.00E+00 0.00E+00 0.00E+00 8.05E-02 1.01E-03 2.88E-03 0.00E+00 0.00E+00 0.00E+00 2.18E-02 3.01E-04 0.00E+00
1969 1.20E-01 0.00E+00 0.00E+00 0.00E+00 6.35E-02 1.02E-03 2.93E-03 0.00E+00 0.00E+00 2.84E-04 8.62E-02 3.31E-04 0.00E+00
1970 1.40E-01 0.00E+00 0.00E+00 0.00E+00 4.86E-02 3.69E-04 4.81E-03 0.00E+00 0.00E+00 1.35E-03 6.36E-02 3.33E-04 0.00E+00
1971 1.02E-01 0.00E+00 0.00E+00 0.00E+00 4.00E-02 3.27E-04 2.51E-02 0.00E+00 0.00E+00 9.26E-04 3.47E-02 1.97E-04 0.00E+00
1972 1.51E-01 0.00E+00 0.00E+00 0.00E+00 2.91E-02 4.48E-04 1.28E-02 0.00E+00 0.00E+00 1.18E-03 2.50E-02 6.18E-05  0.00E+00
1973 7.08E-02 0.00E+00 0.00E+00 0.00E+00 2.17E-02 4.80E-04 7.15E-03 0.00E+00 0.00E+00 1.06E-03 1.84E-02 3.24E-05  0.00E+00
1974 9.42E-02 0.00E+00 0.00E+00 0.00E+00 1.46E-02 1.14E-04 7.37E-03 0.00E+00 5.27E-04 1.42E-03 4.38E-02 2.01E-05  0.00E+00
1975 1.17E-01 0.00E+00 0.00E+00 0.00E+00 1.50E-02 1.36E-04 7.09E-03 0.00E+00 4.85E-03 9.46E-04 5.55E-02 5.37E-05  0.00E+00
1976 9.28E-02 0.00E+00 6.81E-05 0.00E+00 1.98E-02 1.32E-04 2.62E-03 0.00E+00 1.91E-02 4.04E-04 3.80E-02 2.64E-05  0.00E+00
1977 9.93E-02 0.00E+00 6.17E-04 0.00E+00 1.63E-02 7.14E-05 1.60E-03 0.00E+00  1.12E-02 1.66E-03 3.50E-02 1.34E-05 2.36E-04
1978 7.51E-02 0.00E+00 1.21E-03 0.00E+00 4.28E-02 4.21E-05 5.90E-04 0.00E+00 1.01E-02 7.50E-04 3.11E-02 1.44E-05 2.28E-04
1979 6.06E-02 0.00E+00 2.94E-04 0.00E+00 1.07E-01 1.54E-04 8.05E-04 0.00E+00  4.35E-03 8.23E-04 2.62E-02 1.86E-05 4.81E-04
1980 6.57E-02 0.00E+00 2.07E-04 0.00E+00 7.16E-02 1.62E-04 5.98E-04 6.91E-03  3.58E-03 1.93E-04 2.18E-02 1.23E-05 6.27E-04
1981 7.53E-02 0.00E+00 1.23E-04 0.00E+00 5.77E-02 1.61E-04 5.68E-04 6.94E-03 2.21E-03 4.47E-04 2.37E-02 7.24E-06 6.28E-04
1982 5.59E-02 0.00E+00 7.92E-05 0.00E+00 5.32E-02 1.61E-04 5.50E-04 6.94E-03  1.76E-03 4.66E-04 2.11E-02 8.76E-06 6.28E-04
1983 4.16E-02 0.00E+00 3.16E-05 0.00E+00 4.73E-02 1.60E-04 5.38E-04 6.95E-03 6.11E-03 3.69E-04 1.93E-02 5.49E-06 6.29E-04
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Bradwell Brokdorf Brunsbuttel Cattenom Chapelcross Chinon Chooz Dampierre  Doel Dodewaard Dungeness Emsland Fessenheim
1984 3.18E-02 0.00E+00 2.60E-05 0.00E+00 3.55E-02 1.59E-04 5.29E-04 6.95E-03 9.16E-04 2.25E-04 2.94E-02 4.98E-06 6.29E-04
1985 4.21E-02 0.00E+00 7.99E-05 0.00E+00 3.72E-02 1.62E-03 2.51E-03 3.02E-03 1.57E-03 4.29E-04 3.42E-02 3.04E-06 4.77E-03
1986 3.00E-02 0.00E+00 5.03E-05 1.02E-04 2.81E-02 2.37E-03 2.80E-03 1.94E-03 2.07E-03 2.93E-04 4.71E-02 2.56E-06 5.46E-03
1987 2.72E-02 1.93E-05 4.17E-05 6.33E-03 2.43E-02 3.64E-03 4.43E-03 6.08E-03 6.94E-04 3.85E-04 2.41E-02 2.21E-06 5.46E-03
1988 2.09E-02 8.27E-06 1.00E-04 5.56E-03 1.84E-02 2.90E-03 3.25E-03 2.64E-03 1.24E-03 3.12E-04 1.52E-02 4.07E-06 6.09E-03
1989 1.80E-02 1.08E-05 3.57E-05 4.75E-03 1.47E-02 3.23E-03 6.91E-03 1.03E-03 2.08E-03 3.07E-04 9.75E-03 1.23E-05 5.95E-03
1990 1.21E-02 8.19E-06 1.66E-05 2.27E-03 1.08E-02 2.88E-03 5.28E-03 9.95E-04 2.50E-03 1.97E-04 9.25E-03 9.31E-06 5.03E-04
1991 1.57E-02 1.24E-05 4.50E-05 3.70E-03 8.55E-03 2.59E-03 3.87E-03 3.04E-04 2.02E-03 1.94E-04 8.63E-03 8.51E-06 2.37E-03
1992 3.49E-02 1.58E-05 1.84E-05 5.65E-03 6.87E-03 1.06E-03 4.02E-04 3.52E-04 3.63E-04 1.78E-04 9.69E-03 1.18E-05 1.83E-03
1993 2.39E-02 1.22E-05 1.09E-05 4.06E-03 7.09E-03 7.26E-04 2.22E-04 2.12E-04 5.77E-04 5.34E-05 1.52E-02 9.29E-06 9.18E-04
1994 1.89E-02 1.18E-05 4.94E-06 1.03E-02 7.81E-03 5.11E-04 2.59E-04 2.64E-04 8.68E-04 1.63E-04 1.25E-02 1.15E-05 7.78E-04
1995 2.49E-02 1.48E-05 4.19E-06 3.33E-03 7.40E-03 3.12E-04 2.57E-04 2.52E-04 1.82E-03 1.49E-04 1.37E-02 9.51E-06 3.13E-04
1996 2.52E-02 1.24E-05 1.36E-05 7.98E-04 6.79E-03 7.15E-04 6.10E-05 1.77E-04 9.37E-04 1.55E-04 1.46E-02 1.10E-05 2.53E-04
1997 2.71E-02 1.44E-05 4.28E-06 4.48E-04 5.41E-03 2.73E-04 5.84E-04 1.68E-04 2.24E-03 1.60E-04 1.45E-02 1.32E-05 3.29E-04
1998 2.43E-02 1.60E-05 2.47E-05 4.34E-04 4.51E-03 1.37E-04 1.13E-03 7.70E-05 9.81E-04 2.96E-05 1.73E-02 1.33E-05 7.45E-04
1999 2.27E-02 1.55E-05 7.63E-05 5.26E-04 3.95E-03 6.65E-05 6.66E-04 8.27E-05 9.89E-04 2.35E-05 1.51E-02 1.49E-05 4.61E-04
2000 2.21E-02 1.55E-05 7.64E-05 5.27E-04 3.64E-03 6.29E-05 6.64E-04 8.21E-05 9.89E-04 1.97E-05 1.46E-02 1.49E-05 4.61E-04
2001 9.61E-03 1.49E-06 1.98E-06 1.40E-05 2.94E-03 2.03E-05 2.09E-05 6.29E-06 1.50E-04 1.69E-05 6.20E-03 1.82E-06 4.77E-06
2002 6.29E-03 7.76E-07 1.56E-06 7.33E-06 2.42E-03 1.77E-05 1.68E-05 5.49E-06 8.95E-05 1.46E-05 3.58E-03 1.12E-06 2.53E-06
2003 4.92E-03 4.47E-07 1.33E-06 4.53E-06 2.01E-03 1.56E-05 1.47E-05 4.91E-06 6.17E-05 1.27E-05 2.47E-03 7.91E-07 1.71E-06
2004 4.26E-03 2.91E-07 1.18E-06 3.16E-06 1.72E-03 1.38E-05 1.31E-05 4.45E-06 4.67E-05 1.11E-05 1.92E-03 6.18E-07 1.33E-06
2005 3.88E-03 2.12E-07 1.06E-06 2.43E-06 1.52E-03 1.22E-05 1.20E-05 4.05E-06 3.77E-05 9.71E-06 1.63E-03 5.18E-07 1.10E-06
2006 3.64E-03 1.67E-07 9.55E-07 1.99E-06 1.38E-03 1.09E-05 1.10E-05 3.72E-06 3.15E-05 8.53E-06 1.45E-03 4.54E-07 9.53E-07
2007 3.48E-03 1.41E-07 8.65E-07 1.70E-06 1.27E-03 9.74E-06 1.01E-05 3.41E-06 2.68E-05 7.50E-06 1.32E-03 4.06E-07 8.46E-07
2008 3.36E-03 1.22E-07 7.89E-07 1.48E-06 1.19E-03 8.76E-06 9.26E-06 3.15E-06 2.32E-05 6.62E-06 1.23E-03 3.69E-07 7.59E-07
2009 3.24E-03 1.08E-07 717E-07 1.30E-06 1.12E-03 7.91E-06 8.55E-06 2.91E-06 2.02E-05 5.85E-06 1.15E-03 3.37E-07 6.84E-07
2010 3.14E-03 9.63E-08 6.57E-07 1.16E-06 1.06E-03 7.17E-06 7.89E-06 2.69E-06 1.76E-05 5.19E-06 1.08E-03 3.09E-07 6.19E-07
2011 3.06E-03 8.64E-08 6.01E-07 1.03E-06 1.01E-03 6.51E-06 7.31E-06 2.49E-06 1.55E-05 4.60E-06 1.02E-03 2.85E-07 5.61E-07
2012 2.97E-03 7.75E-08 5.51E-07 9.22E-07 9.64E-04 5.95E-06 6.77E-06 2.33E-06 1.36E-05 4.09E-06 9.64E-04 2.63E-07 5.11E-07
2013 2.89E-03 6.98E-08 5.09E-07 8.24E-07 9.23E-04 5.45E-06 6.28E-06 2.17E-06 1.20E-05 3.65E-06 9.13E-04 2.43E-07 4.64E-07
2014 2.83E-03 6.28E-08 4.69E-07 7.39E-07 8.84E-04 5.01E-06 5.84E-06 2.03E-06 1.05E-05 3.25E-06 8.69E-04 2.25E-07 4.24E-07
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Bradwell Brokdorf Brunsbuttel Cattenom Chapelcross Chinon Chooz Dampierre  Doel Dodewaard Dungeness Emsland Fessenheim
2015 2.76E-03 5.65E-08 4.33E-07 6.64E-07 8.51E-04 4.62E-06 5.43E-06 1.90E-06 9.32E-06 2.92E-06 8.24E-04 2.08E-07 3.86E-07
2016 2.70E-03 5.10E-08 4.01E-07 5.96E-07 8.19E-04 4.27E-06 5.06E-06 1.78E-06  8.25E-06 2.62E-06 7.84E-04 1.94E-07 3.52E-07
2017 2.63E-03 4.59E-08 3.71E-07 5.37E-07 7.90E-04 3.97E-06 4.73E-06 1.68E-06 7.32E-06 2.35E-06 7.50E-04 1.80E-07 3.22E-07
2018 2.58E-03 4.16E-08 3.44E-07 4.83E-07 7.63E-04 3.70E-06 4.42E-06 1.58E-06 6.50E-06 2.13E-06 7.16E-04  1.68E-07 2.95E-07
2019 2.53E-03 3.75E-08 3.21E-07 4.36E-07 7.38E-04 3.45E-06 4.13E-06 1.49E-06 5.79E-06 1.93E-06 6.84E-04 1.56E-07 2.70E-07
2020 2.47E-03 3.39E-08 2.99E-07 3.94E-07 7.15E-04 3.23E-06 3.87E-06 1.41E-06 5.17E-06 1.76E-06 6.57E-04  1.46E-07 2.48E-07
2025 2.26E-03 2.08E-08 2.16E-07 2.42E-07 6.18E-04 2.39E-06 2.85E-06 1.07E-06  2.99E-06 1.12E-06 5.43E-04 1.06E-07 1.64E-07
2030 2.08E-03 1.31E-08 1.62E-07 1.54E-07 5.48E-04 1.85E-06 2.17E-06 8.40E-07 1.83E-06 7.67E-07 4.63E-04 8.01E-08 1.12E-07
2035 1.94E-03 8.66E-09 1.25E-07 1.02E-07 4.94E-04 1.47E-06 1.68E-06 6.70E-07  1.18E-06 5.54E-07 4.07E-04 6.22E-08 7.89E-08
2040 1.81E-03 5.95E-09 9.97E-08 7.03E-08 4.51E-04 1.19E-06 1.34E-06 5.41E-07 7.94E-07 4.20E-07 3.62E-04 4.96E-08 5.75E-08
2045 1.69E-03 4.27E-09 8.11E-08 5.03E-08 4.15E-04 9.74E-07 1.10E-06 4.41E-07 5.64E-07 3.30E-07 3.28E-04 4.04E-08 4.32E-08
2050 1.59E-03 3.19E-09 6.72E-08 3.73E-08 3.85E-04 8.04E-07 9.05E-07 3.62E-07 4.18E-07 2.66E-07 3.01E-04 3.34E-08 3.34E-08
2055 1.50E-03 2.48E-09 5.66E-08 2.85E-08 3.58E-04 6.68E-07 7.57E-07 2.99E-07 3.22E-07 2.19E-07 2.77E-04  2.79E-08 2.64E-08
2060 1.41E-03 2.00E-09 4.81E-08 2.23E-08 3.35E-04 5.57E-07 6.40E-07 2.49E-07 2.53E-07 1.84E-07 2.58E-04 2.35E-08 2.13E-08
2065 1.33E-03 1.65E-09 4.13E-08 1.79E-08 3.14E-04 4.66E-07 5.44E-07 2.07E-07 2.05E-07 1.55E-07 2.39E-04 2.00E-08 1.75E-08
2070 1.26E-03 1.39E-09 3.56E-08 1.45E-08 2.95E-04 3.92E-07 4.65E-07 1.73E-07  1.69E-07 1.32E-07 2.24E-04 1.70E-08 1.45E-08
2075 1.19E-03 1.20E-09 3.09E-08 1.20E-08 2.78E-04 3.30E-07 4.00E-07 1.45E-07 1.42E-07 1.13E-07 2.09E-04 1.46E-08 1.22E-08
2080 1.12E-03 1.05E-09 2.69E-08 1.00E-08 2.62E-04 2.78E-07 3.45E-07 1.22E-07 1.19E-07 9.71E-08 1.96E-04 1.26E-08 1.03E-08
2085 1.06E-03 9.29E-10 2.36E-08 8.45E-09 2.48E-04 2.34E-07 2.98E-07 1.03E-07 1.01E-07 8.36E-08 1.84E-04  1.08E-08 8.76E-09
2090 1.00E-03 8.30E-10 2.07E-08 7.15E-09 2.34E-04 1.99E-07 2.58E-07 8.68E-08 8.63E-08 7.23E-08 1.73E-04  9.34E-09 7.47E-09
2095 9.46E-04 7.50E-10 1.82E-08 6.09E-09 2.21E-04 1.68E-07 2.23E-07 7.34E-08 7.40E-08 6.25E-08 1.62E-04  8.08E-09 6.41E-09
2100 8.97E-04 6.82E-10 1.61E-08 5.20E-09 2.10E-04 1.43E-07 1.94E-07 6.22E-08 6.37E-08 5.41E-08 1.53E-04 6.98E-09 5.50E-09
2200 3.00E-04 1.86E-10 2.04E-09 2.92E-10 8.26E-05 6.72E-09 1.41E-08 2.85E-09 3.71E-09 3.50E-09 4.87E-05 4.18E-10 3.18E-10
2300 1.06E-04 7.28E-11 5.82E-10 1.88E-11 3.67E-05 3.98E-10 1.84E-09 1.66E-10 2.37E-10 3.24E-10 1.71E-05 2.73E-11 2.05E-11
2400 3.92E-05 3.28E-11 2.47E-10 1.29E-12 1.68E-05 2.74E-11 5.21E-10 1.13E-11  1.63E-11 6.28E-11 6.69E-06  1.95E-12 1.42E-12
2500 1.57E-05 1.66E-11 1.24E-10 9.64E-14 7.80E-06 2.15E-12 2.24E-10 8.70E-13  1.22E-12 2.32E-11 2.93E-06 1.63E-13 1.06E-13
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Flamanville Golfech Gosgen Grafenrhein- Gravelines  Grohnde Hartlepool Heysham Hinkley Hunterston  Jose Kahl Krimmel
feld Cabrera
1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1953 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1954 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1956 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1958 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
1960 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.61E-06 0.00E+00
1961 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.11E-05  0.00E+00
1962 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.22E-05  0.00E+00
1963 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.26E-05  0.00E+00
1964 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.43E-02 0.00E+00 1.29E-05  0.00E+00
1965 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.88E-04 3.83E-02 0.00E+00 1.30E-05  0.00E+00
1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.80E-03 2.94E-02 0.00E+00 1.31E-05  0.00E+00
1967 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.06E-03 4.05E-02 0.00E+00 1.32E-05  0.00E+00
1968 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.17E-03 4.68E-02 7.17E-05 1.33E-05 0.00E+00
1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.00E-02 6.65E-02 7.23E-05 1.33E-05 0.00E+00
1970 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.58E-02 6.38E-02 7.27E-05 1.34E-05 0.00E+00
1971 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E-02 4.45E-02 7.31E-05 1.60E-05 0.00E+00
1972 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.68E-02 3.55E-02 7.33E-05 6.98E-06 0.00E+00
1973 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.30E-02 3.07E-02 7.36E-05 3.89E-06 0.00E+00
1974 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.84E-02 4.56E-02 7.39E-05 2.60E-06 0.00E+00
1975 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.34E-02 7.42E-02 7.41E-05 2.45E-06 0.00E+00
1976 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.64E-02 1.09E-01 7.44E-05 3.19E-06 0.00E+00
1977 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.73E-02 1.22E-01 7.45E-05 4.94E-06 0.00E+00
1978 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.58E-02 9.27E-02 7.46E-05 3.83E-06 0.00E+00
1979 0.00E+00 0.00E+00 6.75E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.31E-02 1.03E-01 7.48E-05 3.14E-06 0.00E+00
1980 0.00E+00 0.00E+00 8.05E-07 0.00E+00 8.52E-03 0.00E+00 0.00E+00 0.00E+00 1.97E-02 2.31E-01 7.49E-05 2.34E-06 0.00E+00
1981 0.00E+00 0.00E+00 1.49E-06 0.00E+00 8.81E-03 0.00E+00 0.00E+00 0.00E+00 1.75E-02 2.06E-01 8.94E-05 1.66E-06 0.00E+00
1982 0.00E+00 0.00E+00 2.68E-06 1.42E-06 8.96E-03 0.00E+00 0.00E+00 0.00E+00 1.72E-02 2.08E-01 1.37E-04 1.45E-06 0.00E+00
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Flamanville Golfech Gosgen Grafenrhein- Gravelines  Grohnde Hartlepool Heysham Hinkley Hunterston  Jose Kahl Krimmel
feld Cabrera
1983 0.00E+00 0.00E+00 1.93E-06 4.36E-06 9.06E-03 0.00E+00 3.41E-05 9.16E-05 8.46E-03 1.36E-01 5.92E-05 1.19E-06 2.18E-04
1984 0.00E+00 0.00E+00 3.90E-06 5.66E-06 9.14E-03 1.33E-07 1.44E-04 1.04E-04 1.07E-02 1.04E-01 1.76E-05 8.92E-07 2.95E-04
1985 0.00E+00 0.00E+00 3.29E-06 6.39E-06 8.35E-03 7.81E-06 1.82E-03 8.58E-04 1.34E-02 9.05E-02 6.88E-05 5.71E-07 2.66E-05
1986 9.06E-04 0.00E+00 3.17E-06 5.41E-06 1.04E-02 6.74E-06 3.30E-03 3.11E-03 6.49E-03 6.68E-02 1.14E-03  4.42E-07 3.99E-06
1987 6.24E-03 0.00E+00 3.14E-06 5.27E-06 1.69E-02 1.46E-05 1.42E-03 2.00E-03 6.06E-03 4.92E-02 8.04E-05 3.68E-07 1.89E-06
1988 1.22E-02 0.00E+00 3.12E-06 4.81E-06 1.51E-02 1.27E-05 8.83E-04 1.93E-03 3.42E-03 3.85E-02 1.37E-04 3.21E-07 5.10E-06
1989 4.23E-03 0.00E+00 3.13E-06 4.72E-06 1.72E-02 1.62E-05 6.55E-04 2.28E-03 5.07E-03 2.94E-02 3.05E-04 2.85E-07 2.21E-06
1990 1.50E-03 7.37E-06 3.13E-06 4.13E-06 1.03E-02 1.25E-05 5.51E-04 2.51E-03 5.03E-03 2.18E-02 3.03E-04 2.57E-07 9.59E-07
1991 1.39E-03 3.25E-06 3.13E-06 4.48E-06 5.61E-03 1.55E-05 6.19E-04 2.19E-03 3.67E-03 1.41E-02 9.70E-05 2.33E-07 1.90E-06
1992 7.01E-04 7.24E-06 3.81E-06 4.39E-06 2.13E-03 1.26E-05 7.66E-04 2.38E-03 4.34E-03 1.21E-02 2.48E-05 2.12E-07 1.40E-06
1993 4.09E-04 5.84E-05 3.96E-06 4.25E-06 1.47E-03 1.38E-05 8.52E-04 2.46E-03 4.43E-03 1.14E-02 1.26E-05 1.94E-07 1.54E-06
1994 3.55E-04 1.02E-04 3.65E-06 4.30E-06 9.43E-04 1.59E-05 4.64E-04 3.11E-03 4.63E-03 1.04E-02 2.21E-05 1.77E-07 8.19E-07
1995 2.22E-04 1.09E-04 4.16E-06 4.24E-06 1.02E-03 1.08E-05 3.67E-04 2.31E-03 5.08E-03 7.90E-03 5.63E-06 1.62E-07 1.03E-06
1996 1.70E-04 2.08E-05 4.11E-06 4.80E-06 9.46E-04 9.03E-06 4.33E-04 2.10E-03 4.09E-03 6.14E-03 5.53E-06  1.49E-07 8.13E-07
1997 1.69E-04 4.87E-05 4.32E-06 5.05E-06 6.51E-04 1.61E-05 3.41E-04 1.92E-03 4.29E-03 5.09E-03 4.97E-06 1.37E-07 4.58E-07
1998 1.48E-04 2.63E-05 4.19E-06 4.90E-06 5.74E-04 1.36E-05 3.05E-04 1.87E-03 4.48E-03 4.52E-03 4.52E-06 1.26E-07 7.39E-07
1999 1.33E-04 2.59E-05 4.16E-06 4.66E-06 5.86E-04 1.60E-05 2.92E-04 1.83E-03 4.31E-03 411E-03 7.21E-06 1.16E-07 4.65E-07
2000 1.25E-04 2.61E-05 4.16E-06 4.58E-06 5.66E-04 1.61E-05 2.79E-04 1.81E-03 4.25E-03 3.82E-03 7.00E-06 1.07E-07 4.55E-07
2001 7.46E-05 1.68E-06 1.54E-06 1.71E-06 1.33E-04 1.48E-06 1.45E-04 1.17E-03 2.42E-03 3.38E-03 2.17E-06 9.84E-08 5.14E-08
2002 5.69E-05 1.32E-06 7.59E-07 8.51E-07 1.06E-04 7.68E-07 9.92E-05 8.59E-04 1.98E-03 3.12E-03 2.00E-06 9.08E-08 3.31E-08
2003 4.75E-05 1.08E-06 4.22E-07 4.80E-07 9.01E-05 4.43E-07 7.33E-05 6.20E-04 1.80E-03 2.91E-03 1.85E-06 8.39E-08 2.38E-08
2004 4.10E-05 8.99E-07 2.64E-07 3.06E-07 7.75E-05 2.88E-07 5.78E-05 4.49E-04 1.70E-03 2.73E-03 1.72E-06 7.77E-08 1.86E-08
2005 3.57E-05 7.57E-07 1.87E-07 2.20E-07 6.73E-05 2.10E-07 4.76E-05 3.30E-04 1.62E-03 2.58E-03 1.58E-06 7.20E-08 1.53E-08
2006 3.13E-05 6.39E-07 1.45E-07 1.72E-07 5.85E-05 1.67E-07 4.01E-05 2.46E-04 1.55E-03 2.47E-03 1.48E-06 6.69E-08 1.30E-08
2007 2.76E-05 5.43E-07 1.20E-07 1.44E-07 5.11E-05 1.40E-07 3.44E-05 1.87E-04 1.49E-03 2.35E-03 1.38E-06 6.21E-08 1.13E-08
2008 2.44E-05 4.62E-07 1.04E-07 1.24E-07 4.46E-05 1.22E-07 2.98E-05 1.45E-04 1.44E-03 2.26E-03 1.28E-06 5.76E-08 9.85E-09
2009 2.16E-05 3.96E-07 9.06E-08 1.09E-07 3.90E-05 1.09E-07 2.59E-05 1.15E-04 1.40E-03 2.16E-03 1.20E-06 5.38E-08 8.67E-09
2010 1.91E-05 3.39E-07 8.06E-08 9.72E-08 3.42E-05 9.72E-08 2.27E-05 9.18E-05 1.36E-03 2.08E-03 1.12E-06 5.01E-08 7.66E-09
2011 1.70E-05 2.90E-07 7.21E-08 8.70E-08 3.00E-05 8.74E-08 1.98E-05 7.40E-05 1.32E-03 2.00E-03 1.05E-06 4.69E-08 6.79E-09
2012 1.51E-05 2.50E-07 6.45E-08 7.78E-08 2.64E-05 7.87E-08 1.75E-05 6.02E-05 1.28E-03 1.93E-03 9.91E-07 4.37E-08 6.02E-09
2013 1.34E-05 2.16E-07 5.79E-08 6.99E-08 2.33E-05 7.09E-08 1.54E-05 4.95E-05 1.25E-03 1.86E-03 9.33E-07 4.09E-08 5.36E-09




6- 9%ed

Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Flamanville Golfech Gosgen Grafenrhein- Gravelines  Grohnde Hartlepool Heysham Hinkley Hunterston  Jose Kahl Krimmel
feld Cabrera
2014 1.19E-05 1.86E-07 5.20E-08 6.28E-08 2.05E-05 6.41E-08 1.36E-05 4.07E-05 1.22E-03 1.80E-03  8.79E-07 3.83E-08 4.77E-09
2015 1.06E-05 1.61E-07 4.67E-08 5.65E-08 1.82E-05 5.80E-08 1.20E-05 3.38E-05 1.19E-03 1.74E-03  8.29E-07 3.60E-08 4.25E-09
2016 9.49E-06 1.41E-07 4.19E-08 5.07E-08 1.61E-05 5.26E-08 1.07E-05 2.81E-05 1.16E-03 1.70E-03  7.84E-07 3.38E-08 3.82E-09
2017 8.48E-06 1.23E-07 3.77E-08 4.57E-08 1.43E-05 4.78E-08 9.47E-06 2.35E-05 1.14E-03 1.65E-03  7.42E-07 3.18E-08 3.41E-09
2018 7.59E-06 1.07E-07 3.39E-08 4.11E-08 1.27E-05 4.33E-08 8.43E-06 1.98E-05 1.11E-03 1.60E-03  7.03E-07 2.99E-08 3.06E-09
2019 6.80E-06 9.36E-08 3.05E-08 3.70E-08 1.13E-05 3.94E-08 7.56E-06 1.68E-05 1.09E-03 1.56E-03 6.66E-07 2.83E-08 2.75E-09
2020 6.10E-06 8.22E-08 2.74E-08 3.33E-08 1.01E-05 3.58E-08 6.77E-06 1.42E-05 1.07E-03 1.52E-03  6.33E-07 2.66E-08 2.47E-09
2025 3.63E-06 4.48E-08 1.64E-08 2.00E-08 5.86E-06 2.29E-08 4.06E-06 6.83E-06 9.65E-04 1.36E-03  4.94E-07 2.03E-08 1.50E-09
2030 2.25E-06 2.63E-08 9.88E-09 1.22E-08 3.60E-06 1.52E-08 2.61E-06 3.71E-06 8.83E-04 1.25E-03  3.93E-07 1.59E-08 9.53E-10
2035 1.47E-06 1.66E-08 6.10E-09 7.73E-09 2.36E-06 1.07E-08 1.80E-06 2.24E-06 8.13E-04 1.17E-03  3.17E-07 1.27E-08 6.33E-10
2040 1.01E-06 1.11E-08 3.86E-09 5.02E-09 1.63E-06 7.86E-09 1.33E-06 1.48E-06 7.54E-04 1.10E-03  2.59E-07 1.03E-08 4.40E-10
2045 7.27E-07 7.85E-09 2.50E-09 3.37E-09 1.19E-06 6.05E-09 1.03E-06 1.03E-06 7.03E-04 1.05E-03  2.12E-07 8.53E-09 3.19E-10
2050 5.45E-07 5.75E-09 1.66E-09 2.33E-09 9.04E-07 4.82E-09 8.38E-07 7.58E-07 6.55E-04 1.00E-03  1.76E-07 7.14E-09 2.40E-10
2055 4.24E-07 4.35E-09 1.14E-09 1.66E-09 7.12E-07 3.98E-09 7.05E-07 5.78E-07 6.15E-04 9.61E-04  1.46E-07 6.02E-09 1.86E-10
2060 3.39E-07 3.34E-09 7.84E-10 1.22E-09 5.75E-07 3.39E-09 6.09E-07 4.53E-07 5.75E-04 9.23E-04 1.22E-07 5.11E-09 1.48E-10
2065 2.77E-07 2.62E-09 5.54E-10 9.18E-10 4.74E-07 2.92E-09 5.36E-07 3.65E-07 5.42E-04 8.88E-04 1.01E-07 4.37E-09 1.20E-10
2070 2.29E-07 2.07E-09 3.97E-10 7.06E-10 3.95E-07 2.57E-09 4.78E-07 2.98E-07 5.10E-04 8.56E-04 8.54E-08 3.74E-09 9.92E-11
2075 1.91E-07 1.66E-09 2.89E-10 5.56E-10 3.33E-07 2.29E-09 4.31E-07 2.48E-07 4.81E-04 8.24E-04  7.19E-08 3.22E-09 8.29E-11
2080 1.62E-07 1.34E-09 2.12E-10 4.44E-10 2.84E-07 2.05E-09 3.91E-07 2.08E-07 4.53E-04 7.95E-04 6.06E-08 2.77E-09 6.99E-11
2085 1.38E-07 1.09E-09 1.58E-10 3.62E-10 2.42E-07 1.86E-09 3.59E-07 1.76E-07 4.28E-04 7.67E-04 5.13E-08 2.39E-09 5.96E-11
2090 1.17E-07 8.95E-10 1.19E-10 3.00E-10 2.08E-07 1.70E-09 3.30E-07 1.51E-07 4.05E-04 7.42E-04 4.33E-08 2.07E-09 5.10E-11
2095 1.00E-07 7.37E-10 9.05E-11 2.52E-10 1.78E-07 1.55E-09 3.05E-07 1.30E-07 3.83E-04 7.16E-04  3.67E-08 1.79E-09 4.39E-11
2100 8.65E-08 6.11E-10 6.97E-11 2.14E-10 1.54E-07 1.43E-09 2.82E-07 1.12E-07 3.63E-04 6.90E-04  3.12E-08 1.55E-09 3.80E-11
2200 4.87E-09 2.40E-11 4.58E-12 2.58E-11 9.04E-09 4.01E-10 8.95E-08 1.02E-08 1.34E-04 3.35E-04 1.46E-09 9.32E-11 3.30E-12
2300 3.09E-10 1.36E-12 1.56E-12 4.96E-12 5.78E-10 1.54E-10 3.63E-08 2.43E-09 5.46E-05 1.54E-04 8.59E-11 6.04E-12 4.73E-13
2400 2.13E-11 9.11E-14 6.37E-13 1.08E-12 3.97E-11 6.91E-11 1.58E-08 9.92E-10 2.44E-05 6.91E-05 5.83E-12 4.20E-13 9.68E-14
2500 1.59E-12 6.90E-15 2.93E-13 2.68E-13 2.94E-12 3.49E-11 7.28E-09 4.58E-10 1.22E-05 3.16E-05 4.48E-13 3.17E-14 2.56E-14
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Leibstadt Muelheim Muhleberg  Neckarwest- Nogent Obrigheim  Oldbury Paluel Penly Philippsburg Rheinsberg Ringhals Sizewell
heim
1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1953 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1954 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1956 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1958 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1960 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1961 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1962 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1963 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1964 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1965 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 6.49E-04
1967 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.49E-06 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 1.72E-03
1968 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.15E-05 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 9.57E-03
1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.78E-06 2.67E-04 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 8.57E-03
1970 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.33E-06 8.68E-04 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 1.72E-02
1971 0.00E+00 0.00E+00 2.04E-04 0.00E+00 0.00E+00 2.96E-06 4.12E-04 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 1.23E-02
1972 0.00E+00 0.00E+00 2.57E-04 0.00E+00 0.00E+00 3.94E-04 6.40E-04 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 1.31E-02
1973 0.00E+00 0.00E+00 2.79E-04 0.00E+00 0.00E+00 2.85E-04 5.62E-04 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 1.07E-02
1974 0.00E+00 0.00E+00 2.88E-04 0.00E+00 0.00E+00 3.08E-04 3.71E-03 0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.83E-05 1.48E-02
1975 0.00E+00 0.00E+00 2.94E-04 0.00E+00 0.00E+00 3.03E-04 4.65E-03 0.00E+00 0.00E+00 0.00E+00  0.00E+00 7.95E-04 2.02E-02
1976 0.00E+00 0.00E+00 5.02E-04 6.44E-06 0.00E+00 2.95E-04 6.70E-03 0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.04E-03 2.78E-02
1977 0.00E+00 0.00E+00 3.76E-04 7.95E-06 0.00E+00 1.16E-04 1.08E-02 0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.78E-03 4.55E-02
1978 0.00E+00 0.00E+00 1.69E-04 3.25E-06 0.00E+00 6.29E-05 7.89E-03 0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.80E-03 3.26E-02
1979 0.00E+00 0.00E+00 1.90E-04 6.07E-06 0.00E+00 3.71E-05 2.84E-03 0.00E+00 0.00E+00 7.08E-05  0.00E+00 3.34E-03 4.15E-02
1980 0.00E+00 0.00E+00 1.52E-04 3.08E-06 0.00E+00 2.76E-05 3.68E-03 0.00E+00 0.00E+00 5.30E-05  0.00E+00 2.07E-03 5.44E-02
1981 0.00E+00 0.00E+00 3.47E-04 2.06E-06 0.00E+00 1.76E-05 6.74E-03 0.00E+00 0.00E+00 7.81E-06  0.00E+00 2.63E-03 4.31E-02
1982 0.00E+00 0.00E+00 2.40E-04 2.05E-06 0.00E+00 1.49E-05 1.14E-02 0.00E+00 0.00E+00 1.26E-05  0.00E+00 1.63E-03 3.89E-02
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Leibstadt Muelheim Muhleberg  Neckarwest- Nogent Obrigheim  Oldbury Paluel Penly Philippsburg Rheinsberg Ringhals Sizewell
heim
1983 0.00E+00 0.00E+00 7.79E-04 3.43E-06 0.00E+00 1.47E-05 1.36E-02 0.00E+00 0.00E+00 2.00E-05 0.00E+00 1.43E-03 3.39E-02
1984 4.66E-08 0.00E+00 2.71E-04 3.74E-06 0.00E+00 1.40E-05 9.43E-03 5.85E-03 0.00E+00 3.61E-05 0.00E+00 1.36E-03 2.90E-02
1985 6.34E-07 0.00E+00 2.41E-04 4.50E-06 0.00E+00 1.01E-05 6.03E-03 5.67E-03 0.00E+00 8.08E-06 2.32E-06 2.82E-04 2.94E-02
1986 7.49E-07 1.37E-06 2.61E-04 3.98E-06 0.00E+00 8.29E-06 4.34E-03 8.64E-03 0.00E+00 9.73E-06 8.66E-07 2.10E-04 2.46E-02
1987 7.99E-07 1.70E-06 2.69E-04 4.01E-06 7.19E-05 7.42E-06 3.58E-03 2.61E-02 0.00E+00 1.13E-05 4.61E-06 7.64E-04 2.22E-02
1988 8.23E-07 3.20E-06 2.72E-04 2.97E-06 2.73E-04 6.52E-06 4.33E-03 1.13E-02 0.00E+00 1.13E-05 3.95E-06 1.27E-03 1.67E-02
1989 8.34E-07 2.73E-06 2.73E-04 4.84E-06 1.39E-03 6.21E-06 2.94E-03 9.51E-03 0.00E+00 1.13E-05 4.08E-06 7.69E-04 1.33E-02
1990 8.43E-07 1.88E-06 2.75E-04 7.15E-06 7.82E-04 6.23E-06 2.78E-03 6.24E-03 1.75E-04 3.24E-05 3.24E-06 1.01E-03 1.29E-02
1991 8.47E-07 8.00E-07 2.76E-04 9.06E-06 2.26E-04 4.23E-06 2.49E-03 4.88E-03 6.52E-05 9.36E-06 1.30E-06 6.37E-04 1.38E-02
1992 8.51E-07 1.36E-06 2.76E-04 7.98E-06 8.78E-05 4.34E-06 2.50E-03 2.49E-03 8.36E-05 8.50E-06 4.21E-08 5.77E-03 1.22E-02
1993 8.54E-07 9.26E-07 2.76E-04 8.94E-06 1.01E-04 4.32E-06 2.76E-03 1.58E-03 1.09E-04 1.14E-05 2.77E-08 1.76E-03 9.78E-03
1994 5.18E-05 8.79E-07 1.96E-04 1.08E-05 4.56E-05 4.37E-06 2.32E-03 1.26E-03 1.30E-04 1.11E-05 2.08E-08 1.91E-03 7.76E-03
1995 9.34E-06 1.78E-07 7.78E-05 1.09E-05 9.10E-05 7.28E-06 2.29E-03 1.33E-03 7.16E-05 1.88E-05 1.68E-08 1.05E-03 1.12E-02
1996 4.83E-06 1.08E-07 8.39E-05 1.11E-05 1.06E-04 6.66E-06 2.25E-03 8.83E-04 5.30E-05 3.14E-05 1.40E-08 7.29E-04 1.57E-02
1997 2.92E-06 7.90E-08 1.30E-04 1.07E-05 6.97E-05 4.42E-06 1.92E-03 8.12E-04 7.40E-05 2.03E-05 1.19E-08 1.20E-03 1.03E-02
1998 1.33E-05 6.32E-08 2.13E-04 9.25E-06 4.60E-05 7.45E-06 1.73E-03 7.57E-04 6.08E-05 1.46E-05 1.02E-08 7.74E-04 8.54E-03
1999 1.35E-05 5.32E-08 2.17E-04 8.35E-06 4.25E-05 6.25E-06 1.68E-03 6.94E-04 4.18E-05 1.11E-05 8.86E-09 5.19E-04 8.38E-03
2000 1.34E-05 4.60E-08 2.18E-04 8.06E-06 4.31E-05 6.03E-06 1.65E-03 6.44E-04 4.07E-05 1.10E-05 7.71E-09 4.68E-04 8.08E-03
2001 8.93E-07 4.03E-08 2.10E-05 3.04E-06 1.14E-05 5.90E-06 7.97E-04 3.75E-04 1.27E-05 3.03E-06 6.74E-09 2.40E-04 2.96E-03
2002 3.47E-07 3.57E-08 1.18E-05 1.51E-06 5.88E-06 3.30E-06 6.43E-04 3.12E-04 6.32E-06 1.50E-06 5.90E-09 1.97E-04 1.81E-03
2003 1.77E-07 3.17E-08 8.52E-06 8.58E-07 3.80E-06 2.74E-06 5.72E-04 2.65E-04 3.88E-06 8.54E-07 5.20E-09 1.65E-04 1.33E-03
2004 1.07E-07 2.83E-08 6.84E-06 5.49E-07 2.79E-06 2.40E-06 5.27E-04 2.26E-04 2.70E-06 5.55E-07 4.59E-09 1.40E-04 1.09E-03
2005 7.48E-08 2.53E-08 5.86E-06 3.95E-07 2.21E-06 2.16E-06 4.94E-04 1.95E-04 2.08E-06 4.05E-07 4.07E-09 1.19E-04 9.51E-04
2006 5.84E-08 2.26E-08 5.20E-06 3.12E-07 1.85E-06 1.96E-06 4.65E-04 1.68E-04 1.69E-06 3.22E-07 3.62E-09 1.01E-04 8.59E-04
2007 4.90E-08 2.03E-08 4.71E-06 2.60E-07 1.60E-06 1.80E-06 4.41E-04 1.44E-04 1.43E-06 2.71E-07 3.24E-09 8.68E-05 7.90E-04
2008 4.26E-08 1.82E-08 4.31E-06 2.26E-07 1.40E-06 1.67E-06 4.20E-04 1.25E-04 1.23E-06 2.36E-07 2.91E-09 7.45E-05 7.37E-04
2009 3.80E-08 1.64E-08 3.97E-06 1.99E-07 1.24E-06 1.54E-06 4.01E-04 1.08E-04 1.07E-06 2.10E-07 2.62E-09 6.40E-05 6.91E-04
2010 3.42E-08 1.48E-08 3.65E-06 1.77E-07 1.10E-06 1.43E-06 3.83E-04 9.31E-05 9.36E-07 1.89E-07 2.37E-09 5.51E-05 6.49E-04
2011 3.10E-08 1.34E-08 3.37E-06 1.59E-07 9.85E-07 1.33E-06 3.67E-04 8.05E-05 8.23E-07 1.70E-07 2.15E-09 4.76E-05 6.14E-04
2012 2.82E-08 1.22E-08 3.12E-06 1.43E-07 8.82E-07 1.24E-06 3.53E-04 6.96E-05 7.24E-07 1.54E-07 1.96E-09 4.11E-05 5.80E-04
2013 2.57E-08 1.11E-08 2.89E-06 1.28E-07 7.90E-07 1.15E-06 3.38E-04 6.02E-05 6.40E-07 1.40E-07 1.79E-09 3.57E-05 5.50E-04
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Year Leibstadt Muelheim Muhleberg  Neckarwest- Nogent Obrigheim  Oldbury Paluel Penly Philippsburg Rheinsberg Ringhals Sizewell
heim
2014 2.34E-08 1.01E-08 2.69E-06 1.16E-07 7.10E-07 1.07E-06 3.27E-04 5.22E-05 5.65E-07 1.28E-07 1.65E-09 3.10E-05 5.22E-04
2015 2.14E-08 9.23E-09 2.49E-06 1.04E-07 6.39E-07 1.00E-06 3.15E-04 4.53E-05 4.99E-07 1.17E-07 1.52E-09 2.70E-05 4.97E-04
2016 1.94E-08 8.47E-09 2.30E-06 9.40E-08 5.74E-07 9.35E-07 3.04E-04 3.92E-05 4.43E-07 1.07E-07 1.41E-09 2.36E-05 4.74E-04
2017 1.78E-08 7.78E-09 2.14E-06 8.47E-08 5.19E-07 8.77E-07 2.94E-04 3.40E-05 3.93E-07 9.81E-08 1.31E-09 2.06E-05 4.52E-04
2018 1.63E-08 7.16E-09 1.99E-06 7.66E-08 4.68E-07 8.20E-07 2.84E-04 2.96E-05 3.49E-07 9.00E-08 1.22E-09 1.82E-05 4.33E-04
2019 1.49E-08 6.61E-09 1.85E-06 6.92E-08 4.23E-07 7.70E-07 2.75E-04 2.56E-05 3.09E-07 8.29E-08 1.14E-09 1.60E-05 4.15E-04
2020 1.36E-08 6.13E-09 1.73E-06 6.26E-08 3.83E-07 7.24E-07 2.67E-04 2.23E-05 2.76E-07 7.62E-08 1.07E-09 1.41E-05 3.97E-04
2025 8.88E-09 4.36E-09 1.22E-06 3.84E-08 2.39E-07 5.39E-07 2.31E-04 1.13E-05 1.56E-07 5.21E-08 8.17E-10 7.97E-06 3.29E-04
2030 5.91E-09 3.31E-09 8.92E-07 2.43E-08 1.54E-07 4.12E-07 2.04E-04 5.97E-06 9.18E-08 3.75E-08 6.58E-10 4.90E-06 2.83E-04
2035 4.03E-09 2.64E-09 6.67E-07 1.59E-08 1.04E-07 3.24E-07 1.83E-04 3.30E-06 5.60E-08 2.82E-08 5.52E-10 3.27E-06 2.47E-04
2040 2.82E-09 2.19E-09 5.12E-07 1.09E-08 7.33E-08 2.60E-07 1.65E-04 1.94E-06 3.58E-08 2.21E-08 4.74E-10 2.35E-06 2.22E-04
2045 2.03E-09 1.87E-09 4.02E-07 7.80E-09 5.35E-08 2.12E-07 1.50E-04 1.23E-06 2.39E-08 1.80E-08 4.14E-10 1.77E-06 2.01E-04
2050 1.50E-09 1.64E-09 3.21E-07 5.79E-09 4.04E-08 1.76E-07 1.38E-04 8.35E-07 1.67E-08 1.51E-08 3.66E-10 1.39E-06 1.84E-04
2055 1.14E-09 1.44E-09 2.62E-07 4.47E-09 3.14E-08 1.48E-07 1.27E-04 6.06E-07 1.22E-08 1.30E-08 3.25E-10 1.13E-06 1.71E-04
2060 8.84E-10 1.28E-09 2.17E-07 3.57E-09 2.51E-08 1.25E-07 1.17E-04 4.63E-07 9.21E-09 1.13E-08 2.90E-10 9.36E-07 1.58E-04
2065 7.01E-10 1.15E-09 1.81E-07 2.94E-09 2.03E-08 1.07E-07 1.09E-04 3.68E-07 7.17E-09 1.00E-08 2.60E-10 7.90E-07 1.48E-04
2070 5.65E-10 1.03E-09 1.52E-07 2.46E-09 1.68E-08 9.14E-08 1.01E-04 3.00E-07 5.73E-09 8.93E-09 2.35E-10 6.73E-07 1.38E-04
2075 4.62E-10 9.28E-10 1.30E-07 2.10E-09 1.41E-08 7.86E-08 9.47E-05 2.50E-07 4.65E-09 8.02E-09 2.11E-10 5.80E-07 1.29E-04
2080 3.83E-10 8.39E-10 1.11E-07 1.83E-09 1.18E-08 6.78E-08 8.87E-05 2.10E-07 3.85E-09 7.24E-09 1.91E-10 5.02E-07 1.21E-04
2085 3.20E-10 7.60E-10 9.50E-08 1.61E-09 1.00E-08 5.85E-08 8.31E-05 1.79E-07 3.21E-09 6.57E-09 1.73E-10 4.39E-07 1.13E-04
2090 2.70E-10 6.89E-10 8.17E-08 1.43E-09 8.54E-09 5.07E-08 7.81E-05 1.53E-07 2.71E-09 5.98E-09 1.57E-10 3.85E-07 1.06E-04
2095 2.28E-10 6.24E-10 7.04E-08 1.29E-09 7.31E-09 4.40E-08 7.34E-05 1.32E-07 2.29E-09 5.45E-09 1.42E-10 3.39E-07 1.00E-04
2100 1.95E-10 5.69E-10 6.08E-08 1.16E-09 6.28E-09 3.82E-08 6.92E-05 1.13E-07 1.95E-09 4.99E-09 1.29E-10 3.00E-07 9.44E-05
2200 1.06E-11 9.51E-11 3.59E-09 2.77E-10 3.61E-10 2.58E-09 2.45E-05 6.61E-09 1.07E-10 1.12E-09 2.22E-11 5.52E-08 3.04E-05
2300 6.65E-13 1.84E-11 2.30E-10 9.39E-11 2.32E-11 2.26E-10 9.91E-06 4.24E-10 6.83E-12 3.41E-10 4.57E-12 2.69E-08 1.06E-05
2400 4.48E-14 3.98E-12 1.58E-11 3.72E-11 1.60E-12 2.88E-11 4.42E-06 2.94E-11 4.68E-13 1.27E-10 1.09E-12 1.74E-08 3.98E-06
2500 3.27E-15 9.89E-13 1.18E-12 1.67E-11 1.20E-13 5.50E-12 2.23E-06 2.20E-12 3.45E-14 5.49E-11 3.02E-13 1.25E-08 1.62E-06
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Other Nuclear

Year St Laurent  Stade Tihange Torness Trawsfynydd Trillo Unterweser  Winfrith Wirgassen Wylfa Capenhurst Dounreay Harwell
1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.36E-03
1953 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.17E-05 0.00E+00 1.47E-03
1954 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.79E-05 0.00E+00 2.14E-03
1955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.18E-05 0.00E+00 2.65E-03
1956 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.45E-05 0.00E+00 3.15E-03
1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.63E-05 0.00E+00 4.13E-03
1958 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.75E-05 1.74E-01 8.72E-03
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.83E-05 3.94E-01 1.71E-02
1960 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E-05 0.00E+00 0.00E+00 4.89E-05 5.14E-01 1.12E-02
1961 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.94E-05 0.00E+00 0.00E+00 4.94E-05 4.00E-01 6.76E-03
1962 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.78E-03 0.00E+00 0.00E+00 4.97E-05 9.91E-01 4.14E-03
1963 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.85E-03 0.00E+00 0.00E+00 5.82E-05 9.31E-01 2.85E-03
1964 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.89E-03 0.00E+00 0.00E+00 5.40E-05 1.66E+00 2.42E-03
1965 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.65E-06 0.00E+00 0.00E+00 5.92E-03 0.00E+00 0.00E+00 4.18E-05 2.46E+00 2.41E-03
1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.03E-04 0.00E+00 0.00E+00 1.88E-02 0.00E+00 0.00E+00 4.87E-05 1.97E+00 2.14E-03
1967 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.34E-03 0.00E+00 0.00E+00 2.54E-02 0.00E+00 0.00E+00 4.41E-05 2.97E+00 2.50E-03
1968 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.40E-03 0.00E+00 0.00E+00 4.90E-02 0.00E+00 0.00E+00 5.46E-05 2.72E+00 3.94E-03
1969 3.97E-04 0.00E+00 0.00E+00 0.00E+00 2.46E-03 0.00E+00 0.00E+00 7.11E-02 0.00E+00 0.00E+00 6.15E-05 2.70E+00 4.62E-03
1970 1.19E-04 0.00E+00 0.00E+00 0.00E+00 3.14E-03 0.00E+00 0.00E+00 2.68E-01 0.00E+00 1.44E-03 7.69E-05 2.45E+00 4.61E-03
1971 3.34E-04 0.00E+00 0.00E+00 0.00E+00 4.93E-03 0.00E+00 0.00E+00 8.14E-01 0.00E+00 7.96E-04 5.96E-05 1.97E+00 4.53E-03
1972 1.38E-03 3.35E-05 0.00E+00 0.00E+00 6.86E-03 0.00E+00 0.00E+00 4.29E-01 5.40E-06 6.56E-04 6.11E-05 1.89E+00 4.59E-03
1973 1.08E-03 4.88E-04 0.00E+00 0.00E+00 5.59E-03 0.00E+00 0.00E+00 3.26E-01 8.53E-04 4.90E-04 4.66E-05 2.09E+00 4.32E-03
1974 6.39E-04 5.95E-04 0.00E+00 0.00E+00 4.66E-03 0.00E+00 0.00E+00 3.49E-01 5.38E-03 3.88E-04 4.83E-05 1.50E+00 2.93E-03
1975 7.04E-04 4.83E-04 1.69E-05 0.00E+00 4.46E-03 0.00E+00 0.00E+00 7.41E-01 2.62E-03 1.36E-03 4.12E-05 1.31E+00 3.48E-03
1976 8.93E-05 7.48E-04 1.55E-04 0.00E+00 6.05E-03 0.00E+00 0.00E+00 4.14E-01 1.59E-04 2.12E-03 3.28E-05 8.44E-01 2.72E-03
1977 7.29E-04 3.27E-04 6.12E-04 0.00E+00 3.95E-03 0.00E+00 0.00E+00 3.48E-01 4.76E-03 7.00E-03 2.84E-05 5.71E-01 3.43E-03
1978 1.33E-03 4.10E-04 4.17E-04 0.00E+00 3.38E-03 0.00E+00 6.92E-09 5.22E-01 3.92E-04 1.31E-02 3.66E-05 4.23E-01 2.39E-03
1979 8.58E-04 5.62E-04 3.33E-04 0.00E+00 2.59E-03 0.00E+00 3.40E-06 8.22E-01 1.48E-04 1.60E-02 1.04E-04 4.37E-01 2.63E-03
1980 1.63E-03 9.59E-05 4.92E-04 0.00E+00 4.30E-03 0.00E+00 2.89E-05 1.58E+00 2.11E-04 1.34E-02 1.15E-04 5.08E-01 3.27E-03
1981 1.64E-03 5.73E-05 2.39E-03 0.00E+00 2.66E-03 0.00E+00 1.64E-05 1.18E+00 2.50E-04 1.01E-02 9.51E-05 6.86E-01 2.04E-03
1982 1.64E-03 4.12E-05 1.83E-04 0.00E+00 1.94E-03 0.00E+00 1.79E-05 4.92E-01 2.47E-04 7.65E-03 1.80E-04 6.12E-01 1.66E-03
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Other Nuclear

Year St Laurent  Stade Tihange Torness Trawsfynydd Trillo Unterweser  Winfrith Wirgassen Wylfa Capenhurst Dounreay Harwell
1983 1.64E-03 7.24E-05 1.81E-04 0.00E+00 2.51E-03 0.00E+00 2.39E-05 4.78E-01 1.27E-04 5.38E-03 8.69E-05 1.01E+00 1.55E-03
1984 1.65E-03 4.72E-05 1.91E-03 0.00E+00 2.65E-03 0.00E+00 2.22E-05 8.14E-01 2.22E-04 4.00E-03 6.43E-05 7.93E-01 1.50E-03
1985 6.22E-03 4.35E-05 1.95E-03 0.00E+00 2.49E-03 0.00E+00 5.48E-05 1.71E-01 1.03E-04 2.86E-03 3.52E-05 6.20E-01 7.84E-04
1986 1.04E-03 5.16E-05 3.32E-04 0.00E+00 2.16E-03 0.00E+00 2.36E-05 1.32E-01 6.68E-05 2.34E-03 2.36E-05 4.94E-01 7.00E-04
1987 5.83E-04 4.47E-05 2.31E-03 0.00E+00 2.17E-03 0.00E+00 2.30E-05 2.21E-01 3.32E-05 2.03E-03 1.61E-05 4.72E-01 6.56E-04
1988 3.90E-04 3.57E-05 2.49E-03 1.17E-04 2.95E-03 2.44E-05 1.55E-05 1.69E-01 5.92E-05 1.94E-03 1.11E-05 3.96E-01 6.29E-04
1989 5.69E-04 2.19E-05 2.85E-03 1.53E-04 2.92E-03 1.34E-05 2.34E-05 2.15E-01 5.27E-05 1.85E-03 7.88E-06 3.14E-01 6.09E-04
1990 4.41E-05 2.73E-05 3.02E-03 7.23E-05 3.24E-03 1.17E-05 1.34E-05 1.64E-01 9.71E-06 1.84E-03 5.85E-06 2.60E-01 5.94E-04
1991 3.62E-04 1.82E-05 1.65E-03 7.14E-05 3.13E-03 1.38E-05 2.59E-05 1.07E-01 2.98E-05 1.93E-03 4.54E-06 2.45E-01 5.79E-04
1992 2.37E-04 1.82E-05 1.99E-03 1.51E-04 2.76E-03 1.20E-05 1.79E-05 8.35E-02 3.35E-05 1.78E-03 3.69E-06 2.44E-01 5.67E-04
1993 3.76E-04 1.43E-05 1.55E-03 1.65E-04 2.02E-03 1.90E-05 1.82E-05 7.12E-02 2.33E-05 1.75E-03 3.13E-06 2.52E-01 5.55E-04
1994 2.26E-04 5.63E-06 9.45E-04 8.37E-05 1.51E-03 2.18E-05 1.22E-05 6.36E-02 5.32E-05 1.66E-03 2.73E-06 2.65E-01 5.45E-04
1995 8.06E-05 5.94E-05 1.42E-03 9.94E-05 1.07E-03 1.60E-05 9.98E-06 5.80E-02 2.26E-06 1.59E-03 2.43E-06 2.58E-01 5.35E-04
1996 8.00E-05 1.51E-05 2.41E-03 1.11E-04 7.36E-04 2.22E-05 1.74E-05 5.37E-02 1.78E-06 1.56E-03 2.19E-06 2.61E-01 5.25E-04
1997 7.55E-05 1.27E-05 2.60E-03 1.37E-04 5.08E-04 2.55E-05 1.56E-05 5.03E-02 1.51E-06 1.48E-03 2.00E-06 2.05E-01 5.16E-04
1998 3.11E-05 6.75E-06 1.54E-03 1.52E-04 3.56E-04 1.63E-05 8.69E-06 4.73E-02 1.32E-06 1.53E-03 1.84E-06 1.72E-01 5.07E-04
1999 4.08E-05 6.60E-06 4.26E-04 1.48E-04 2.58E-04 1.68E-05 1.04E-05 4.49E-02 1.17E-06 1.30E-03 1.70E-06 1.53E-01 4.98E-04
2000 4.00E-05 6.53E-06 4.21E-04 1.46E-04 1.96E-04 1.68E-05 1.02E-05 4.27E-02 1.04E-06 1.09E-03 1.57E-06 1.44E-01 4.89E-04
2001 7.48E-06 8.08E-07 2.22E-05 7.36E-05 1.57E-04 2.22E-07 1.07E-06 4.08E-02 9.35E-07 8.11E-04 1.47E-06 1.37E-01 4.82E-04
2002 6.70E-06 6.10E-07 1.48E-05 3.90E-05 1.31E-04 1.95E-07 6.84E-07 3.91E-02 8.41E-07 5.86E-04 1.36E-06 1.32E-01 4.74E-04
2003 6.07E-06 5.00E-07 1.12E-05 2.24E-05 1.14E-04 1.73E-07 4.89E-07 3.76E-02 7.57E-07 4.22E-04 1.28E-06 1.28E-01 4.67E-04
2004 5.54E-06 4.28E-07 9.08E-06 1.43E-05 1.02E-04 1.53E-07 3.80E-07 3.64E-02 6.86E-07 3.10E-04 1.20E-06 1.25E-01 4.60E-04
2005 5.07E-06 3.75E-07 7.67E-06 1.02E-05 9.25E-05 1.36E-07 3.11E-07 3.52E-02 6.20E-07 2.34E-04 1.12E-06 1.23E-01 4.53E-04
2006 4.67E-06 3.35E-07 6.61E-06 7.97E-06 8.50E-05 1.21E-07 2.64E-07 3.43E-02 5.64E-07 1.86E-04 1.05E-06 1.21E-01 4.47E-04
2007 4.31E-06 3.00E-07 5.76E-06 6.62E-06 7.87E-05 1.09E-07 2.28E-07 3.34E-02 5.13E-07 1.55E-04 9.87E-07 1.19E-01 4.40E-04
2008 3.99E-06 2.72E-07 5.06E-06 5.71E-06 7.33E-05 9.72E-08 1.99E-07 3.26E-02 4.68E-07 1.34E-04 9.29E-07 1.17E-01 4.35E-04
2009 3.70E-06 2.47E-07 4.47E-06 5.03E-06 6.86E-05 8.71E-08 1.74E-07 3.18E-02 4.27E-07 1.18E-04 8.76E-07 1.15E-01 4.28E-04
2010 3.44E-06 2.24E-07 3.95E-06 4.48E-06 6.43E-05 7.83E-08 1.54E-07 3.12E-02 3.92E-07 1.06E-04 8.25E-07 1.14E-01 4.22E-04
2011 3.21E-06 2.04E-07 3.52E-06 4.03E-06 6.03E-05 7.05E-08 1.36E-07 3.06E-02 3.59E-07 9.73E-05 7.80E-07 1.12E-01 4.17E-04
2012 3.00E-06 1.87E-07 3.12E-06 3.64E-06 5.68E-05 6.36E-08 1.20E-07 3.00E-02 3.30E-07 8.97E-05 7.38E-07 1.11E-01 4.12E-04
2013 2.81E-06 1.72E-07 2.78E-06 3.31E-06 5.36E-05 5.76E-08 1.07E-07 2.95E-02 3.03E-07 8.31E-05 6.98E-07 1.09E-01 4.07E-04
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Table 1 (cont’d)

Nuclear Power Stations (continued)

Other Nuclear

Year St Laurent  Stade Tihange Torness Trawsfynydd Trillo Unterweser  Winfrith Wirgassen Wylfa Capenhurst Dounreay Harwell
2014 2.64E-06 1.57E-07 2.49E-06 3.01E-06 5.07E-05 5.22E-08 9.50E-08 2.90E-02 2.80E-07 7.73E-05 6.61E-07 1.08E-01 4.01E-04
2015 2.48E-06 1.44E-07 2.23E-06 2.75E-06 4.80E-05 4.73E-08 8.48E-08 2.85E-02 2.58E-07 7.22E-05 6.27E-07 1.07E-01 3.96E-04
2016 2.34E-06 1.33E-07 2.00E-06 2.52E-06 4.56E-05 4.31E-08 7.56E-08 2.82E-02 2.40E-07 6.75E-05 5.95E-07 1.05E-01 3.91E-04
2017 2.21E-06 1.23E-07 1.80E-06 2.32E-06 4.33E-05 3.93E-08 6.76E-08 2.77E-02 2.22E-07 6.34E-05 5.66E-07 1.04E-01 3.86E-04
2018 2.08E-06 1.14E-07 1.62E-06 2.14E-06 4.13E-05 3.58E-08 6.06E-08 2.74E-02 2.06E-07 5.96E-05 5.38E-07 1.03E-01 3.81E-04
2019 1.97E-06 1.05E-07 1.46E-06 1.98E-06 3.94E-05 3.29E-08 5.44E-08 2.71E-02 1.93E-07 5.62E-05 5.12E-07 1.02E-01 3.76E-04
2020 1.86E-06 9.81E-08 1.32E-06 1.84E-06 3.77E-05 3.01E-08 4.89E-08 2.68E-02 1.79E-07 5.30E-05 4.88E-07 1.01E-01 3.71E-04
2025 1.45E-06 6.97E-08 8.21E-07 1.34E-06 3.09E-05 2.00E-08 2.98E-08 2.54E-02 1.29E-07 4.07E-05 3.89E-07 9.56E-02 3.50E-04
2030 1.15E-06 5.19E-08 5.37E-07 1.05E-06 2.63E-05 1.38E-08 1.91E-08 2.41E-02 9.63E-08 3.26E-05 3.15E-07 9.13E-02 3.30E-04
2035 9.26E-07 4.01E-08 3.69E-07 8.73E-07 2.29E-05 9.79E-09 1.30E-08 2.31E-02 7.44E-08 2.71E-05 2.60E-07 8.73E-02 3.12E-04
2040 7.55E-07 3.18E-08 2.65E-07 7.61E-07 2.05E-05 7.13E-09 9.29E-09 2.21E-02 5.89E-08 2.32E-05 2.19E-07 8.37E-02 2.94E-04
2045 6.20E-07 2.59E-08 1.99E-07 6.87E-07 1.87E-05 5.29E-09 6.94E-09 2.12E-02 4.78E-08 2.04E-05 1.87E-07 8.04E-02 2.77E-04
2050 5.12E-07 2.16E-08 1.54E-07 6.32E-07 1.72E-05 4.00E-09 5.40E-09 2.02E-02 3.95E-08 1.82E-05 1.63E-07 7.73E-02 2.63E-04
2055 4.26E-07 1.81E-08 1.23E-07 5.91E-07 1.61E-05 3.07E-09 4.34E-09 1.93E-02 3.32E-08 1.65E-05 1.44E-07 7.42E-02 2.48E-04
2060 3.54E-07 1.54E-08 1.00E-07 5.56E-07 1.50E-05 2.40E-09 3.55E-09 1.85E-02 2.81E-08 1.51E-05 1.30E-07 7.15E-02 2.34E-04
2065 2.97E-07 1.32E-08 8.32E-08 5.28E-07 1.42E-05 1.88E-09 2.98E-09 1.77E-02 2.40E-08 1.40E-05 1.18E-07 6.88E-02 2.22E-04
2070 2.48E-07 1.14E-08 7.00E-08 5.02E-07 1.34E-05 1.50E-09 2.52E-09 1.69E-02 2.06E-08 1.30E-05 1.08E-07 6.62E-02 2.09E-04
2075 2.09E-07 9.93E-09 5.95E-08 4.78E-07 1.27E-05 1.20E-09 2.17E-09 1.62E-02 1.79E-08 1.22E-05 1.01E-07 6.38E-02 1.98E-04
2080 1.76E-07 8.65E-09 5.11E-08 4.56E-07 1.21E-05 9.68E-10 1.88E-09 1.54E-02 1.55E-08 1.14E-05 9.44E-08 6.14E-02 1.88E-04
2085 1.49E-07 7.57E-09 4.41E-08 4.37E-07 1.15E-05 7.87E-10 1.63E-09 1.47E-02 1.36E-08 1.08E-05 8.92E-08 5.92E-02 1.78E-04
2090 1.26E-07 6.64E-09 3.82E-08 4.17E-07 1.10E-05 6.45E-10 1.43E-09 1.40E-02 1.18E-08 1.02E-05 8.47E-08 5.70E-02 1.68E-04
2095 1.06E-07 5.84E-09 3.32E-08 4.00E-07 1.05E-05 5.32E-10 1.26E-09 1.33E-02 1.04E-08 9.61E-06 8.09E-08 5.49E-02 1.60E-04
2100 9.04E-08 5.13E-09 2.90E-08 3.83E-07 1.01E-05 4.40E-10 1.12E-09 1.27E-02 9.10E-09 9.12E-06 7.77E-08 5.28E-02 1.51E-04
2200 4.20E-09 5.67E-10 2.93E-09 1.63E-07 4.67E-06 1.76E-11 1.43E-10 4.57E-03 1.03E-09 3.84E-06 4.52E-08 2.45E-02 5.07E-05
2300 2.46E-10 1.16E-10 6.48E-10 6.92E-08 2.24E-06 1.01E-12 2.65E-11 1.61E-03 2.65E-10 1.79E-06 3.01E-08 1.14E-02 1.79E-05
2400 1.69E-11 3.78E-11 2.34E-10 3.00E-08 1.07E-06 6.82E-14 6.07E-12 6.04E-04 1.10E-10 8.36E-07 2.13E-08 5.41E-03 6.64E-06
2500 1.30E-12 1.63E-11 1.04E-10 1.37E-08 5.12E-07 5.18E-15 1.67E-12 2.48E-04 5.53E-11 3.95E-07 1.62E-08 2.70E-03 2.67E-06




91-( 93ed

Table 1 (cont’d)

Other Nuclear (continued) La Hague Sellafield Isotope Baltic Flux  Phosphates
Year Karlsruhe Risg Springfields Amersham  Cardiff Baie de la Cumbrian Gulf of Cadiz Irish Sea  Kattegat
Seine Waters NW
1952 0.00E+00 0.00E+00 1.15E-02 0.00E+00 4.69E+00 0.00E+00 0.00E+00 6.18E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1953 0.00E+00 0.00E+00 1.16E-02 0.00E+00 9.66E+00 0.00E+00 0.00E+00 1.55E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1954 0.00E+00 0.00E+00 1.18E-02 0.00E+00 1.48E+01 0.00E+00 0.00E+00 3.53E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1955 0.00E+00 0.00E+00 1.19E-02 0.00E+00 1.30E+01 0.00E+00 0.00E+00 1.26E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1956 0.00E+00 0.00E+00 1.21E-02 0.00E+00 7.53E+01 0.00E+00 0.00E+00 2.30E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1957 0.00E+00 8.36E-07 1.22E-02 0.00E+00 5.88E+01 0.00E+00 0.00E+00 3.54E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1958 0.00E+00 1.02E-06 1.23E-02 0.00E+00 8.61E+01 0.00E+00 0.00E+00 4.54E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1959 0.00E+00 1.09E-06 1.24E-02 0.00E+00 7.67E+01 0.00E+00 0.00E+00 6.01E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1960 0.00E+00 1.15E-06 1.25E-02 0.00E+00 8.38E+01 0.00E+00 0.00E+00 8.17E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1961 7.82E-06 1.17E-06 1.26E-02 0.00E+00 5.95E+01 0.00E+00 0.00E+00 7.55E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1962 1.01E-05 1.19E-06 1.27E-02 0.00E+00 5.28E+01 0.00E+00 0.00E+00 7.72E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1963 1.11E-05 1.21E-06 1.15E-02 0.00E+00 6.70E+01 0.00E+00 0.00E+00 1.09E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1964 1.15E-05 1.22E-06 1.03E-02 0.00E+00 5.66E+01 0.00E+00 0.00E+00 1.80E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1965 1.18E-05 1.23E-06 7.47E-03 0.00E+00 4.93E+01 0.00E+00 0.00E+00 2.06E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1966 1.19E-05 1.25E-06 5.54E-03 5.95E-01 5.75E+01 0.00E+00 0.00E+00 2.03E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1967 1.20E-05 1.26E-06 5.68E-03 2.00E+00 4.86E+01 0.00E+00 0.00E+00 1.95E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1968 1.36E-05 1.26E-06 6.27E-03 2.87E+00 6.51E+01 0.00E+00 0.00E+00 1.82E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1969 1.51E-05 1.27E-06 7.26E-03 2.70E+00 6.87E+01 0.00E+00 0.00E+00 1.71E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1970 1.87E-05 1.28E-06 8.16E-03 8.82E+00 8.93E+01 0.00E+00 0.00E+00 1.52E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1971 2.34E-05 1.29E-06 7.48E-03 1.62E+01 1.28E+02 0.00E+00 0.00E+00 1.20E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1972 5.79E-05 1.29E-06 8.01E-03 1.37E+01 1.30E+02 0.00E+00 0.00E+00 8.70E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1973 6.00E-05 1.29E-06 1.14E-02 1.31E+01 1.50E+02 0.00E+00 0.00E+00 6.51E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1974 9.05E-05 1.30E-06 1.70E-02 2.21E+01 1.71E+02 0.00E+00 0.00E+00 5.03E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1975 8.83E-05 1.31E-06 2.11E-02 3.25E+01 2.00E+02 0.00E+00 0.00E+00 3.33E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1976 9.09E-05 1.32E-06 2.28E-02 2.50E+01 2.22E+02 0.00E+00 0.00E+00 2.59E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1977 1.12E-04 1.32E-06 1.60E-02 2.35E+01 2.36E+02 0.00E+00 0.00E+00 2.19E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1978 7.44E-05 1.50E-06 2.14E-02 3.18E+01 2.48E+02 0.00E+00 0.00E+00 1.94E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1979 7.90E-05 1.54E-06 2.32E-02 3.11E+01 2.12E+02 0.00E+00 0.00E+00 1.75E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1980 5.81E-05 1.49E-06 1.69E-02 3.18E+01 1.88E+02 0.00E+00 0.00E+00 1.61E-02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1981 5.06E-05 1.84E-06 1.29E-02 2.86E+01 1.79E+02 0.00E+00 0.00E+00 1.48E-02 3.00E+01 1.14E+02 1.16E-01 6.58E+00 2.03E+01
1982 5.58E-05 1.40E-06 1.60E-02 3.75E+01 1.59E+02 0.00E+00 0.00E+00 1.37E-02 3.49E+01 1.78E+02 2.07E-01 1.09E+01 2.46E+01
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Table 1 (cont’d)

Other Nuclear (continued) La Hague Sellafield Isotope Baltic Flux  Phosphates
Year Karlsruhe Risg Springfields Amersham  Cardiff Baie de la Cumbrian Gulf of Cadiz Irish Sea Kattegat
Seine Waters NW
1983 8.06E-05 7.14E-06 1.75E-02 3.08E+01 1.42E+02 0.00E+00 0.00E+00 1.27E-02 3.65E+01 2.18E+02 2.68E-01 1.41E+01 2.79E+01
1984 7.39E-05 3.17E-06 1.56E-02 3.11E+01 1.09E+02 0.00E+00 0.00E+00 1.18E-02 3.71E+01 2.48E+02 3.45E-01 1.25E+01 3.23E+01
1985 3.43E-03 1.19E-06 1.24E-02 3.64E+01 7.36E+01 0.00E+00 0.00E+00 1.09E-02 3.77E+01 2.46E+02 4.13E-01 8.62E+00 2.87E+01
1986 2.90E-04 6.79E-07 1.24E-02 3.46E+01 5.11E+01 0.00E+00 0.00E+00 4.79E-01 3.81E+01 2.38E+02 4.57E-01 6.30E+00 2.30E+01
1987 9.71E-05 4.64E-07 1.23E-02 4.22E+01 3.65E+01 0.00E+00 0.00E+00 5.95E-01 3.85E+01 2.15E+02 5.10E-01 5.18E+00 2.85E+01
1988 4.67E-05 3.56E-07 1.09E-02 2.57E+01 2.76E+01 1.46E-02 7.11E-02 6.12E-01 3.88E+01 2.18E+02 5.45E-01 3.19E+00 2.47E+01
1989 2.78E-05 2.97E-07 1.08E-02 2.39E+01 2.20E+01 1.16E-02 9.88E-02 5.98E-01 3.92E+01 1.96E+02 5.65E-01 2.01E+00 2.58E+01
1990 1.95E-05 2.59E-07 8.23E-03 1.54E+01 1.81E+01 1.22E-02 1.11E-01 5.67E-01 3.96E+01 1.71E+02 5.65E-01 1.42E+00 1.54E+01
1991 1.53E-05 2.32E-07 5.90E-03 5.28E+00 1.58E+01 1.52E-02 1.03E-01 5.25E-01 4.00E+01 1.44E+02 5.67E-01 1.13E+00 1.44E+01
1992 1.29E-05 2.11E-07 3.96E-03 2.96E+00 1.38E+01 1.46E-02 1.04E-01 4.82E-01 2.52E+01 1.19E+02 6.18E-01 9.93E-01 1.24E+01
1993 1.13E-05 1.94E-07 6.46E-03 2.66E+00 1.32E+01 1.04E-02 9.88E-02 4.38E-01 8.12E+00 8.54E+01 6.14E-01 9.18E-01 1.15E+01
1994 1.01E-05 1.79E-07 8.18E-03 3.51E+00 1.26E+01 1.04E-02 8.73E-02 3.96E-01 5.24E+00 6.55E+01 6.64E-01 8.69E-01 7.00E-02
1995 9.18E-06 1.65E-07 7.79E-03 3.54E+00 1.32E+01 1.03E-02 9.82E-02 3.55E-01 4.43E+00 5.41E+01 6.88E-01 8.31E-01 4.08E-02
1996 8.41E-06 1.54E-07 9.16E-03 3.65E+00 1.33E+01 9.07E-03 1.18E-01 3.19E-01 4.10E+00 4.77E+01 7.47E-01 7.98E-01 3.27E-02
1997 7.74E-06 1.43E-07 8.67E-03 3.82E+00 1.23E+01 3.65E-03 1.03E-01 2.86E-01 3.89E+00 4.38E+01 7.74E-01 7.68E-01 2.89E-02
1998 7.16E-06 1.33E-07 9.28E-03 3.99E+00 1.12E+01 3.65E-03 9.69E-02 2.56E-01 3.73E+00 4.11E+01 7.89E-01 7.40E-01 2.65E-02
1999 6.65E-06 1.24E-07 8.73E-03 3.75E+00 1.07E+01 3.03E-03 9.64E-02 2.29E-01 3.58E+00 3.91E+01 8.23E-01 7.13E-01 2.49E-02
2000 6.18E-06 1.16E-07 8.68E-03 3.65E+00 1.00E+01 3.03E-03 9.67E-02 2.05E-01 3.45E+00 3.73E+01 8.50E-01 6.87E-01 2.36E-02
2001 5.76E-06 1.09E-07 1.85E-03 1.30E+00 9.60E+00 8.60E-06 2.62E-02 1.21E-01 3.33E+00 3.58E+01 7.34E-01 6.62E-01 2.24E-02
2002 5.40E-06 1.01E-07 1.67E-03 6.95E-01 7.82E+00 8.39E-06 1.67E-02 8.65E-02 3.19E+00 3.43E+01 6.77E-01 6.38E-01 2.13E-02
2003 5.07E-06 9.49E-08 1.51E-03 5.01E-01 7.17E+00 8.27E-06 1.35E-02 6.97E-02 3.08E+00 3.29E+01 6.28E-01 6.15E-01 2.02E-02
2004 4.77E-06 8.90E-08 1.40E-03 4.15E-01 6.68E+00 8.18E-06 1.20E-02 5.99E-02 2.96E+00 3.15E+01 5.84E-01 5.93E-01 1.92E-02
2005 4.50E-06 8.34E-08 1.29E-03 3.72E-01 6.31E+00 8.11E-06 1.10E-02 5.36E-02 2.85E+00 3.03E+01 5.45E-01 5.72E-01 1.83E-02
2006 4.24E-06 7.85E-08 1.21E-03 3.46E-01 6.03E+00 8.04E-06 1.03E-02 4.89E-02 2.74E+00 2.92E+01 5.12E-01 5.52E-01 1.74E-02
2007 4.02E-06 7.37E-08 1.14E-03 3.28E-01 5.81E+00 7.98E-06 9.78E-03 4.49E-02 2.64E+00 2.81E+01 4.82E-01 5.31E-01 1.66E-02
2008 3.81E-06 6.94E-08 1.07E-03 3.14E-01 5.60E+00 7.91E-06 9.33E-03 4.15E-02 2.55E+00 2.69E+01 4.58E-01 5.12E-01 1.59E-02
2009 3.63E-06 6.54E-08 1.01E-03 3.01E-01 5.44E+00 7.85E-06 8.93E-03 3.83E-02 2.45E+00 2.59E+01 4.35E-01 4.94E-01 1.51E-02
2010 3.45E-06 6.17E-08 9.62E-04 2.90E-01 5.29E+00 7.79E-06 8.56E-03 3.56E-02 2.36E+00 2.50E+01 4.15E-01 4.76E-01 1.44E-02
2011 3.30E-06 5.82E-08 9.16E-04 2.80E-01 5.14E+00 7.73E-06 8.21E-03 3.31E-02 2.27E+00 2.40E+01 3.98E-01 4.59E-01 1.38E-02
2012 3.15E-06 5.50E-08 8.71E-04 2.70E-01 5.00E+00 7.67E-06 7.90E-03 3.06E-02 2.19E+00 2.32E+01 3.83E-01 4.42E-01 1.32E-02
2013 3.02E-06 5.20E-08 8.31E-04 2.61E-01 4.88E+00 7.60E-06 7.60E-03 2.85E-02 2.10E+00 2.23E+01 3.68E-01 4.27E-01 1.26E-02
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Table 1 (cont’d)

Other Nuclear (continued) La Hague Sellafield Isotope Baltic Flux  Phosphates
Year Karlsruhe Risg Springfields Amersham  Cardiff Baie de la Cumbrian Gulf of Cadiz Irish Sea Kattegat
Seine Waters NW
2014 2.89E-06 4.94E-08 7.93E-04 2.52E-01 4.77E+00 7.57E-06 7.32E-03 2.65E-02 2.02E+00 2.15E+01 3.55E-01 411E-01 1.21E-02
2015 2.77E-06 4.66E-08 7.60E-04 2.43E-01 4.65E+00 7.51E-06 7.05E-03 2.46E-02 1.95E+00 2.07E+01 3.43E-01 3.97E-01 1.16E-02
2016 2.68E-06 4.42E-08 7.28E-04 2.36E-01 4.55E+00 7.45E-06 6.80E-03 2.29E-02 1.88E+00 1.99E+01 3.33E-01 3.82E-01 1.11E-02
2017 2.58E-06 4.20E-08 6.97E-04 2.28E-01 4.46E+00 7.39E-06 6.56E-03 2.13E-02 1.81E+00 1.93E+01 3.23E-01 3.69E-01 1.07E-02
2018 2.48E-06 3.99E-08 6.71E-04 2.22E-01 4.37E+00 7.33E-06 6.33E-03 1.98E-02 1.73E+00 1.86E+01 3.14E-01 3.56E-01 1.03E-02
2019 2.39E-06 3.80E-08 6.46E-04 2.15E-01 4.28E+00 7.27E-06 6.12E-03 1.84E-02 1.67E+00 1.78E+01 3.06E-01 3.43E-01 9.88E-03
2020 2.32E-06 3.62E-08 6.23E-04 2.09E-01 4.20E+00 7.24E-06 5.91E-03 1.72E-02 1.61E+00 1.72E+01 2.98E-01 3.30E-01 9.52E-03
2025 1.98E-06 2.85E-08 5.30E-04 1.82E-01 3.85E+00 6.97E-06 5.03E-03 1.22E-02 1.33E+00 1.44E+01 2.67E-01 2.75E-01 7.95E-03
2030 1.72E-06 2.29E-08 4.68E-04 1.60E-01 3.57E+00 6.68E-06 4.33E-03 8.87E-03 1.10E+00 1.20E+01 2.43E-01 2.30E-01 6.76E-03
2035 1.53E-06 1.87E-08 4.24E-04 1.42E-01 3.33E+00 6.44E-06 3.78E-03 6.60E-03 9.13E-01 1.01E+01 2.23E-01 1.92E-01 5.84E-03
2040 1.36E-06 1.54E-08 3.93E-04 1.28E-01 3.14E+00 6.22E-06 3.33E-03 5.02E-03 7.56E-01 8.47E+00 2.06E-01 1.60E-01 5.13E-03
2045 1.22E-06 1.29E-08 3.72E-04 1.16E-01 2.95E+00 5.98E-06 2.96E-03 3.91E-03 6.27E-01 7.11E+00 1.92E-01 1.34E-01 4.55E-03
2050 1.09E-06 1.08E-08 3.58E-04 1.06E-01 2.80E+00 5.76E-06 2.66E-03 3.11E-03 5.20E-01 5.97E+00 1.79E-01 1.11E-01 4.08E-03
2055 9.80E-07 9.14E-09 3.47E-04 9.81E-02 2.65E+00 5.57E-06 2.40E-03 2.52E-03 4.32E-01 5.01E+00 1.66E-01 9.34E-02 3.71E-03
2060 8.86E-07 7.74E-09 3.39E-04 9.11E-02 2.52E+00 5.36E-06 2.18E-03 2.07E-03 3.59E-01 4.20E+00 1.56E-01 7.80E-02 3.39E-03
2065 8.01E-07 6.60E-09 3.33E-04 8.46E-02 2.41E+00 5.16E-06 2.00E-03 1.72E-03 3.00E-01 3.53E+00 1.46E-01 6.52E-02 3.13E-03
2070 7.26E-07 5.63E-09 3.28E-04 7.94E-02 2.29E+00 4.97E-06 1.84E-03 1.45E-03 2.51E-01 2.96E+00 1.36E-01 5.46E-02 2.90E-03
2075 6.58E-07 4.82E-09 3.24E-04 7.45E-02 2.19E+00 4.78E-06 1.69E-03 1.23E-03 2.10E-01 2.49E+00 1.27E-01 4.58E-02 2.70E-03
2080 5.98E-07 4.13E-09 3.21E-04 7.03E-02 2.09E+00 4.62E-06 1.57E-03 1.04E-03 1.76E-01 2.09E+00 1.20E-01 3.84E-02 2.53E-03
2085 5.42E-07 3.54E-09 3.18E-04 6.65E-02 2.00E+00 4.45E-06 1.46E-03 8.93E-04 1.47E-01 1.76E+00 1.11E-01 3.23E-02 2.38E-03
2090 4.93E-07 3.04E-09 3.16E-04 6.29E-02 1.92E+00 4.29E-06 1.37E-03 7.66E-04 1.24E-01 1.48E+00 1.05E-01 2.72E-02 2.24E-03
2095 4.48E-07 2.61E-09 3.14E-04 5.97E-02 1.83E+00 4.12E-06 1.28E-03 6.59E-04 1.05E-01 1.26E+00 9.84E-02 2.29E-02 2.12E-03
2100 4.09E-07 2.24E-09 3.11E-04 5.66E-02 1.76E+00 3.99E-06 1.21E-03 5.69E-04 8.96E-02 1.05E+00 9.24E-02 1.93E-02 2.01E-03
2200 6.97E-08 1.17E-10 2.66E-04 2.40E-02 7.97E-01 1.87E-06 4.96E-04 3.31E-05 1.10E-02 6.90E-02 3.27E-02 1.57E-03 9.80E-04
2300 1.39E-08 6.72E-12 2.18E-04 1.18E-02 3.85E-01 8.73E-07 2.76E-04 2.09E-06 5.99E-03 2.82E-02 1.61E-02 7.43E-04 6.30E-04
2400 3.19E-09 4.31E-13 1.72E-04 6.28E-03 1.92E-01 4.10E-07 1.81E-04 1.42E-07 4.32E-03 1.99E-02 9.86E-03 5.38E-04 4.51E-04
2500 8.73E-10 3.07E-14 1.32E-04 3.57E-03 9.85E-02 1.95E-07 1.34E-04 1.04E-08 3.34E-03 1.55E-02 6.93E-03 4.23E-04 3.41E-04
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Table 1 (cont’d)

Phosphates Qil & Gas Chernobyl Testing All Sites/
(continued) fallout Fallout sources
Year North Sea Denmark N. Netherlands Norway N.  Norway N. UK North UK North UK North

SE Sea Central N.Sea SE  Sea Central Sea North  Sea Central Sea N Sea SW
1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.38E-01 5.24E+00
1953 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.74E+00 1.14E+01
1954 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.65E+00 1.94E+01
1955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.06E+00 2.11E+01
1956 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.59E+00 8.50E+01
1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.07E+01 6.95E+01
1958 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.32E+01 9.95E+01
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.92E+01 9.64E+01
1960 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.43E+01 9.88E+01
1961 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.35E+01 7.36E+01
1962 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.48E+01 7.87E+01
1963 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.32E+01 1.11E+02
1964 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.32E+01 1.02E+02
1965 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.55E+01 8.76E+01
1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.80E+01 8.84E+01
1967 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.30E+01 7.70E+01
1968 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.07E+01 9.20E+01
1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.90E+01 9.38E+01
1970 0.00E+00 0.00E+00 1.43E-04 0.00E+00 0.00E+00 7.81E-03 3.05E-03 0.00E+00 0.00E+00 1.87E+01 1.20E+02
1971 0.00E+00 0.00E+00 9.02E-05 1.00E-02 6.71E-03 8.94E-02 9.58E-03 1.81E-01 0.00E+00 1.81E+01 1.66E+02
1972 0.00E+00 0.00E+00 5.72E-05 6.04E-02 3.96E-02 1.77E-01 1.89E-02 3.24E-01 0.00E+00 1.66E+01 1.64E+02
1973 0.00E+00 0.00E+00 1.63E-04 8.96E-02 5.49E-02 2.32E-01 2.56E-02 3.97E-01 0.00E+00 1.53E+01 1.82E+02
1974 0.00E+00 0.00E+00 3.22E-04 1.09E-01 6.60E-02 2.84E-01 3.15E-02 4.84E-01 0.00E+00 1.54E+01 2.12E+02
1975 0.00E+00 0.00E+00 1.75E-02 3.73E-01 2.40E-01 3.74E-01 5.71E-02 5.33E-01 0.00E+00 1.46E+01 2.51E+02
1976 0.00E+00 0.00E+00 6.14E-02 6.89E-01 4.29E-01 9.42E-01 2.67E-01 5.79E-01 0.00E+00 1.37E+01 2.65E+02
1977 0.00E+00 0.00E+00 1.19E-01 8.77E-01 5.24E-01 2.54E+00 8.56E-01 6.22E-01 0.00E+00 1.37E+01 2.80E+02
1978 0.00E+00 0.00E+00 1.54E-01 1.15E+00 6.61E-01 4.24E+00 1.44E+00 6.27E-01 0.00E+00 1.37E+01 3.03E+02
1979 0.00E+00 0.00E+00 2.50E-01 1.40E+00 7.85E-01 6.35E+00 2.20E+00 6.44E-01 0.00E+00 1.29E+01 2.69E+02
1980 0.00E+00 0.00E+00 3.07E-01 1.78E+00 9.86E-01 7.76E+00 2.64E+00 6.41E-01 0.00E+00 1.23E+01 2.49E+02
1981 1.82E+02 1.28E-01 3.23E-01 1.98E+00 1.08E+00 9.03E+00 3.06E+00 6.47E-01 0.00E+00 1.21E+01 5.91E+02
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Table 1 (cont’d)

Phosphates Qil & Gas Chernobyl Testing All Sites/
(continued) fallout Fallout sources
Year North Sea Denmark N. Netherlands Norway N.  Norway N. UK North UK North UK North

SE Sea Central N.Sea SE  Sea Central Sea North  Sea Central Sea N Sea SW
1982 2.15E+02 3.63E-01 3.49E-01 2.16E+00 1.16E+00 1.05E+01 3.58E+00 6.63E-01 0.00E+00 1.15E+01 6.92E+02
1983 2.40E+02 5.81E-01 5.95E-01 2.49E+00 1.36E+00 1.22E+01 4.10E+00 6.86E-01 0.00E+00 1.10E+01 7.44E+02
1984 2.51E+02 7.37E-01 8.49E-01 2.88E+00 1.57E+00 1.38E+01 4.62E+00 7.01E-01 0.00E+00 1.06E+01 7.59E+02
1985 2.39E+02 9.57E-01 1.12E+00 3.30E+00 1.78E+00 1.51E+01 4.98E+00 7.56E-01 0.00E+00 1.03E+01 7.10E+02
1986 2.16E+02 1.23E+00 1.40E+00 3.71E+00 2.00E+00 1.62E+01 5.23E+00 8.05E-01 2.21E+01 9.93E+00 6.72E+02
1987 2.20E+02 1.58E+00 1.49E+00 4.26E+00 2.30E+00 1.69E+01 5.37E+00 8.53E-01 1.03E+01 9.64E+00 6.40E+02
1988 2.35E+02 1.83E+00 1.46E+00 4.89E+00 2.62E+00 1.73E+01 5.38E+00 8.59E-01 5.28E+00 9.37E+00 6.23E+02
1989 2.28E+02 2.17E+00 1.45E+00 5.95E+00 3.24E+00 1.68E+01 5.04E+00 8.60E-01 3.00E+00 9.12E+00 5.87E+02
1990 2.21E+02 2.48E+00 1.48E+00 6.90E+00 3.75E+00 1.69E+01 4.96E+00 9.17E-01 1.88E+00 8.89E+00 5.32E+02
1991 2.13E+02 2.89E+00 1.50E+00 7.95E+00 4.33E+00 1.74E+01 4.99E+00 9.98E-01 1.32E+00 8.66E+00 4.85E+02
1992 1.90E+02 3.31E+00 1.40E+00 9.12E+00 4.97E+00 1.82E+01 5.15E+00 1.04E+00 1.02E+00 8.45E+00 4.19E+02
1993 1.41E+02 3.69E+00 1.38E+00 1.02E+01 5.50E+00 1.94E+01 5.41E+00 1.16E+00 8.49E-01 8.26E+00 3.20E+02
1994 1.53E+02 4.12E+00 1.71E+00 1.15E+01 6.19E+00 2.18E+01 6.11E+00 1.26E+00 7.41E-01 8.07E+00 3.04E+02
1995 1.70E+02 4.44E+00 1.74E+00 1.28E+01 6.84E+00 2.37E+01 6.60E+00 1.35E+00 6.66E-01 7.88E+00 3.13E+02
1996 1.73E+02 4.92E+00 1.76E+00 1.43E+01 7.64E+00 2.52E+01 6.92E+00 1.54E+00 6.10E-01 7.71E+00 3.15E+02
1997 1.70E+02 5.53E+00 1.79E+00 1.55E+01 8.18E+00 2.63E+01 7.14E+00 1.63E+00 5.66E-01 7.54E+00 3.10E+02
1998 1.74E+02 6.05E+00 1.75E+00 1.63E+01 8.41E+00 2.76E+01 7.43E+00 1.72E+00 5.29E-01 7.37E+00 3.13E+02
1999 1.74E+02 6.96E+00 1.80E+00 1.69E+01 8.62E+00 2.90E+01 7.76E+00 1.80E+00 4.96E-01 7.23E+00 3.14E+02
2000 7.69E+01 7.63E+00 1.85E+00 1.76E+01 8.86E+00 3.02E+01 8.00E+00 1.84E+00 4.67E-01 7.07E+00 2.17E+02
2001 3.92E+01 5.41E+00 1.15E+00 1.32E+01 5.77E+00 2.45E+01 5.67E+00 8.93E-01 4.41E-01 6.94E+00 1.55E+02
2002 3.15E+01 4.18E+00 9.59E-01 1.08E+01 4.36E+00 2.13E+01 4.60E+00 5.86E-01 4.17E-01 6.80E+00 1.33E+02
2003 2.86E+01 3.70E+00 9.01E-01 9.93E+00 3.73E+00 2.01E+01 4.12E+00 5.03E-01 3.94E-01 6.66E+00 1.24E+02
2004 2.71E+01 3.59E+00 8.87E-01 9.77E+00 3.48E+00 1.99E+01 3.92E+00 4.71E-01 3.74E-01 6.54E+00 1.19E+02
2005 2.58E+01 3.62E+00 8.90E-01 9.91E+00 3.38E+00 2.00E+01 3.84E+00 4.55E-01 3.55E-01 6.42E+00 1.16E+02
2006 2.49E+01 3.70E+00 8.88E-01 1.01E+01 3.36E+00 2.01E+01 3.81E+00 4.42E-01 3.36E-01 6.30E+00 1.14E+02
2007 2.40E+01 3.79E+00 8.90E-01 1.03E+01 3.37E+00 2.04E+01 3.81E+00 4.30E-01 3.20E-01 6.19E+00 1.12E+02
2008 2.31E+01 3.87E+00 8.89E-01 1.05E+01 3.39E+00 2.05E+01 3.81E+00 4.20E-01 3.05E-01 6.08E+00 1.09E+02
2009 2.22E+01 3.93E+00 8.87E-01 1.07E+01 3.40E+00 2.06E+01 3.80E+00 4.09E-01 2.90E-01 5.96E+00 1.07E+02
2010 2.14E+01 3.98E+00 8.82E-01 1.07E+01 3.40E+00 2.07E+01 3.80E+00 3.99E-01 2.77E-01 5.86E+00 1.05E+02
2011 2.07E+01 4.02E+00 8.77E-01 1.08E+01 3.41E+00 2.08E+01 3.78E+00 3.88E-01 2.64E-01 5.76E+00 1.03E+02
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Table 1 (cont’d)

Phosphates Qil & Gas Chernobyl Testing All Sites/
(continued) fallout Fallout sources
Year North Sea Denmark N. Netherlands Norway N.  Norway N. UK North UK North UK North

SE Sea Central N.Sea SE  Sea Central Sea North  Sea Central Sea N Sea SW
2012 1.98E+01 4.04E+00 8.68E-01 1.09E+01 3.40E+00 2.06E+01 3.77E+00 3.79E-01 2.52E-01 5.66E+00 1.01E+02
2013 1.91E+01 4.05E+00 8.58E-01 1.09E+01 3.39E+00 2.06E+01 3.75E+00 3.68E-01 2.41E-01 5.57E+00 9.94E+01
2014 1.85E+01 4.06E+00 8.50E-01 1.08E+01 3.38E+00 2.04E+01 3.71E+00 3.59E-01 2.30E-01 5.47E+00 9.74E+01
2015 1.78E+01 4.05E+00 8.36E-01 1.08E+01 3.36E+00 2.03E+01 3.68E+00 3.48E-01 2.20E-01 5.38E+00 9.53E+01
2016 1.72E+01 4.03E+00 8.25E-01 1.08E+01 3.34E+00 2.01E+01 3.66E+00 3.38E-01 2.11E-01 5.30E+00 9.32E+01
2017 1.65E+01 4.01E+00 8.12E-01 1.07E+01 3.31E+00 1.99E+01 3.62E+00 3.29E-01 2.01E-01 5.22E+00 9.12E+01
2018 1.59E+01 3.97E+00 7.97E-01 1.06E+01 3.29E+00 1.95E+01 3.58E+00 3.19E-01 1.93E-01 5.14E+00 8.90E+01
2019 1.54E+01 3.93E+00 7.85E-01 1.05E+01 3.25E+00 1.93E+01 3.54E+00 3.10E-01 1.85E-01 5.06E+00 8.71E+01
2020 1.48E+01 3.89E+00 7.69E-01 1.03E+01 3.22E+00 1.90E+01 3.50E+00 3.01E-01 1.78E-01 4.99E+00 8.50E+01
2025 1.23E+01 3.61E+00 6.93E-01 9.55E+00 3.03E+00 1.74E+01 3.27E+00 2.58E-01 1.45E-01 4.63E+00 7.54E+01
2030 1.02E+01 3.26E+00 6.12E-01 8.65E+00 2.81E+00 1.55E+01 3.02E+00 2.20E-01 1.20E-01 4.32E+00 6.63E+01
2035 8.52E+00 2.91E+00 5.35E-01 7.69E+00 2.59E+00 1.38E+01 2.78E+00 1.86E-01 9.97E-02 4.04E+00 5.82E+01
2040 7.08E+00 2.56E+00 4.64E-01 6.74E+00 2.38E+00 1.20E+01 2.55E+00 1.58E-01 8.34E-02 3.80E+00 5.08E+01
2045 5.91E+00 2.22E+00 3.99E-01 5.85E+00 2.17E+00 1.04E+01 2.33E+00 1.33E-01 7.02E-02 3.58E+00 4.43E+01
2050 4.94E+00 1.92E+00 3.43E-01 5.08E+00 1.99E+00 8.94E+00 2.14E+00 1.12E-01 5.93E-02 3.39E+00 3.87E+01
2055 4.13E+00 1.65E+00 2.93E-01 4.35E+00 1.82E+00 7.69E+00 1.96E+00 9.38E-02 5.02E-02 3.21E+00 3.38E+01
2060 3.45E+00 1.41E+00 2.50E-01 3.72E+00 1.67E+00 6.57E+00 1.79E+00 7.86E-02 4.27E-02 3.04E+00 2.95E+01
2065 2.90E+00 1.21E+00 2.13E-01 3.18E+00 1.53E+00 5.61E+00 1.65E+00 6.58E-02 3.63E-02 2.90E+00 2.59E+01
2070 2.44E+00 1.03E+00 1.81E-01 2.71E+00 1.41E+00 4.76E+00 1.51E+00 5.50E-02 3.10E-02 2.77E+00 2.27E+01
2075 2.06E+00 8.73E-01 1.54E-01 2.30E+00 1.30E+00 4.05E+00 1.40E+00 4.61E-02 2.65E-02 2.64E+00 2.01E+01
2080 1.74E+00 7.45E-01 1.32E-01 1.96E+00 1.20E+00 3.45E+00 1.29E+00 3.86E-02 2.27E-02 2.53E+00 1.78E+01
2085 1.47E+00 6.32E-01 1.12E-01 1.66E+00 1.11E+00 2.94E+00 1.20E+00 3.24E-02 1.94E-02 2.42E+00 1.58E+01
2090 1.26E+00 5.38E-01 9.61E-02 1.42E+00 1.04E+00 2.51E+00 1.13E+00 2.71E-02 1.67E-02 2.32E+00 1.41E+01
2095 1.07E+00 4.59E-01 8.23E-02 1.21E+00 9.65E-01 2.14E+00 1.05E+00 2.28E-02 1.43E-02 2.23E+00 1.27E+01
2100 9.17E-01 3.91E-01 7.10E-02 1.03E+00 9.03E-01 1.82E+00 9.83E-01 1.91E-02 1.23E-02 2.15E+00 1.14E+01
2200 1.38E-01 4.39E-02 1.06E-02 1.18E-01 3.83E-01 2.21E-01 4.25E-01 1.49E-03 6.59E-04 1.13E+00 3.44E+00
2300 7.83E-02 2.31E-02 5.99E-03 6.24E-02 2.41E-01 1.20E-01 2.71E-01 7.24E-04 3.94E-05 7.01E-01 1.97E+00
2400 5.64E-02 1.65E-02 4.30E-03 4.49E-02 1.74E-01 8.60E-02 1.95E-01 5.23E-04 2.58E-06 4.85E-01 1.30E+00
2500 4.35E-02 1.28E-02 3.32E-03 3.47E-02 1.34E-01 6.66E-02 1.50E-01 4.09E-04 1.84E-07 3.72E-01 9.50E-01
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Table 2: Collective dose rates to the European Union population by site/source assuming discharges continue to 2020 (man Sv

Military UK Nuclear Power Stations
Year Aldermaston Barrow Devonport  Faslane Rosyth Almaraz Barseback Belleville Berkeley Beznau Biblis Blayais Borssele
2001 1.71E-09 1.96E-09 8.09E-06 5.01E-07 8.03E-06 1.31E-04 1.07E-04 5.53E-05 4.16E-04 2.16E-05 1.14E-05 9.43E-05 1.54E-05
2002 1.54E-09 2.15E-09 7.33E-06 4.45E-07 8.08E-06 1.31E-04 1.04E-04 5.52E-05 3.95E-04 2.07E-05 1.14E-05 9.20E-05 1.73E-05
2003 1.44E-09 2.28E-09 6.69E-06 3.99E-07 8.12E-06 1.31E-04 1.01E-04 5.52E-05 3.75E-04 1.99E-05 1.15E-05 9.02E-05 1.63E-05
2004 1.37E-09 2.36E-09 6.15E-06 3.59E-07 8.17E-06 1.31E-04 9.90E-05 5.52E-05 3.58E-04 1.93E-05 1.14E-05 8.86E-05 1.54E-05
2005 1.31E-09 2.42E-09 5.68E-06 3.25E-07 8.20E-06 1.31E-04 9.72E-05 5.52E-05 3.40E-04 1.87E-05 1.14E-05 8.72E-05 1.47E-05
2006 1.26E-09 2.45E-09 5.29E-06 2.96E-07 8.23E-06 1.31E-04 9.54E-05 5.51E-05 3.25E-04 1.81E-05 1.14E-05 8.60E-05 1.41E-05
2007 1.23E-09 2.47E-09 4.95E-06 2.71E-07 8.26E-06 1.30E-04 9.40E-05 5.51E-05 3.10E-04 1.77E-05 1.14E-05 8.51E-05 1.35E-05
2008 1.19E-09 2.49E-09 4.67E-06 2.50E-07 8.28E-06 1.30E-04 9.28E-05 5.51E-05 2.97E-04 1.72E-05 1.14E-05 8.42E-05 1.31E-05
2009 1.16E-09 2.50E-09 4.43E-06 2.31E-07 8.30E-06 1.30E-04 9.19E-05 5.51E-05 2.84E-04 1.68E-05 1.14E-05 8.35E-05 1.27E-05
2010 1.13E-09 2.52E-09 4.22E-06 2.15E-07 8.31E-06 1.30E-04 9.09E-05 5.51E-05 2.73E-04 1.65E-05 1.14E-05 8.28E-05 1.24E-05
2012 1.09E-09 2.53E-09 3.89E-06 1.89E-07 8.34E-06 1.30E-04 8.97E-05 5.51E-05 2.51E-04 1.58E-05 1.14E-05 8.18E-05 1.18E-05
2014 1.05E-09 2.53E-09 3.66E-06 1.71E-07 8.36E-06 1.30E-04 8.85E-05 5.51E-05 2.32E-04 1.53E-05 1.14E-05 8.11E-05 1.14E-05
2016 1.02E-09 2.54E-09 3.49E-06 1.57E-07 8.37E-06 1.30E-04 8.78E-05 5.51E-05 2.16E-04 1.48E-05 1.13E-05 8.05E-05 1.12E-05
2018 9.99E-10 2.54E-09 3.36E-06 1.47E-07 8.38E-06 1.30E-04 8.72E-05 5.51E-05 2.00E-04 1.44E-05 1.13E-05 8.01E-05 1.10E-05
2020 9.80E-10 2.55E-09 3.27E-06 1.39E-07 8.39E-06 1.30E-04 8.69E-05 5.50E-05 1.87E-04 1.41E-05 1.13E-05 7.97E-05 1.08E-05
2025 7.09E-11 3.47E-10 7.01E-07 3.60E-08 2.68E-06 1.21E-06 2.11E-05 5.19E-07 1.60E-04 2.32E-06 6.24E-07 2.30E-06  9.39E-07
2030 3.81E-11 7.79E-11 3.17E-07 1.67E-08 1.23E-06 7.82E-07 9.58E-06 2.89E-07 1.38E-04 1.58E-06 3.07E-07 1.46E-06 4.58E-07
2040 1.45E-11 1.28E-11 6.66E-08 3.87E-09 2.64E-07 3.94E-07 2.33E-06 1.16E-07 1.07E-04 8.81E-07 1.24E-07 7.47E-07 1.41E-07
2050 6.06E-12 3.20E-12 1.46E-08 9.26E-10 5.75E-08 2.31E-07 8.24E-07 5.74E-08 8.49E-05 5.44E-07 5.93E-08 4.54E-07 5.99E-08
2060 2.74E-12 1.04E-12 3.33E-09 2.28E-10 1.27E-08 1.47E-07 4.30E-07 3.25E-08 6.92E-05 3.63E-07 3.38E-08 2.98E-07 3.48E-08
2070 1.32E-12 4.02E-13 7.81E-10 5.89E-11 2.86E-09 9.75E-08 2.79E-07 1.98E-08 5.75E-05 2.54E-07 2.21E-08 2.04E-07 2.44E-08
2080 6.68E-13 1.75E-13 1.90E-10 1.66E-11 6.53E-10 6.66E-08 1.97E-07 1.27E-08 4.87E-05 1.84E-07 1.58E-08 1.42E-07 1.86E-08
2090 3.47E-13 8.19E-14 4.78E-11 5.25E-12 1.52E-10 4.64E-08 1.44E-07 8.46E-09 4.17E-05 1.36E-07 1.20E-08 9.99E-08 1.47E-08
2100 1.83E-13 4.04E-14 1.27E-11 1.94E-12 3.57E-11 3.27E-08 1.07E-07 5.77E-09 3.61E-05 1.00E-07 9.34E-09 7.12E-08 1.19E-08
2200 3.84E-16 7.31E-17 3.36E-15 2.48E-15 5.45E-16 1.44E-09 9.20E-09 2.28E-10 1.18E-05 5.93E-09 1.51E-09 3.20E-09 2.07E-09
2300 8.65E-19 1.61E-19 7.17E-18 5.56E-18 1.16E-18 8.28E-11 2.78E-09 1.31E-11 4.87E-06 3.81E-10 4.03E-10 1.86E-10 5.43E-10
2400 2.06E-21 3.80E-22 1.68E-20 1.32E-20 2.73E-21 5.55E-12 1.66E-09 8.81E-13 2.28E-06 2.63E-11 1.40E-10 1.26E-11  1.85E-10
2500 5.28E-24 9.71E-25 4.33E-23 3.37E-23 6.93E-24 4.22E-13 1.18E-09 6.71E-14 1.24E-06 1.96E-12 5.87E-11 9.70E-13  7.65E-11
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Table 2 (cont’d)

Nuclear Power Stations (continued)

Year Bradwell Brokdorf Brunsbuttel Cattenom Chapelcross Chinon Chooz Dampierre  Doel Dodewaard Dungeness Emsland Fessenheim
2001 2.19E-02 1.56E-05 7.63E-05 5.27E-04 3.45E-03 6.01E-05 6.61E-04 8.16E-05 9.88E-04 1.69E-05 1.43E-02 1.49E-05 4.61E-04
2002 2.17E-02 1.56E-05 7.63E-05 5.27E-04 3.31E-03 5.78E-05 6.60E-04 8.12E-05 9.87E-04 1.46E-05 1.42E-02 1.50E-05 4.61E-04
2003 2.17E-02 1.56E-05 7.62E-05 5.27E-04 3.21E-03 5.58E-05 6.59E-04 8.08E-05 9.86E-04 1.27E-05 1.41E-02 1.49E-05 4.60E-04
2004 2.16E-02 1.56E-05 7.62E-05 5.27E-04 3.11E-03 5.41E-05 6.58E-04 8.04E-05 9.85E-04 1.11E-05 1.41E-02 1.49E-05 4.60E-04
2005 2.15E-02 1.56E-05 7.61E-05 5.27E-04 3.05E-03 5.26E-05 6.57E-04 8.01E-05 9.84E-04 9.71E-06 1.41E-02 1.49E-05 4.60E-04
2006 2.15E-02 1.56E-05 7.61E-05 5.27E-04 2.98E-03 5.14E-05 6.55E-04 7.98E-05 9.83E-04 8.53E-06 1.40E-02 1.48E-05 4.60E-04
2007 2.15E-02 1.56E-05 7.60E-05 5.27E-04 2.93E-03 5.03E-05 6.55E-04 7.96E-05 9.80E-04 7.50E-06 1.40E-02 1.48E-05 4.60E-04
2008 2.13E-02 1.56E-05 7.60E-05 5.27E-04 2.88E-03 4.93E-05 6.54E-04 7.94E-05 9.80E-04 6.62E-06 1.40E-02 1.48E-05 4.60E-04
2009 2.13E-02 1.56E-05 7.60E-05 5.27E-04 2.84E-03 4.85E-05 6.53E-04 7.92E-05 9.80E-04 5.85E-06 1.40E-02 1.48E-05 4.60E-04
2010 2.13E-02 1.56E-05 7.59E-05 5.27E-04 2.79E-03 4.78E-05 6.53E-04 7.90E-05 9.80E-04 5.19E-06 1.40E-02 1.48E-05 4.60E-04
2012 2.12E-02 1.56E-05 7.59E-05 5.27E-04 2.71E-03 4.67E-05 6.52E-04 7.87E-05 9.80E-04 4.09E-06 1.40E-02 1.48E-05 4.60E-04
2014 2.12E-02 1.56E-05 7.58E-05 5.26E-04 2.66E-03 4.58E-05 6.51E-04 7.85E-05 9.79E-04 3.25E-06 1.40E-02 1.48E-05 4.60E-04
2016 2.11E-02 1.57E-05 7.58E-05 5.26E-04 2.60E-03 4.51E-05 6.50E-04 7.83E-05 9.79E-04 2.62E-06 1.40E-02 1.48E-05 4.60E-04
2018 2.10E-02 1.57E-05 7.57E-05 5.26E-04 2.56E-03 4.45E-05 6.49E-04 7.81E-05 9.79E-04 2.13E-06 1.39E-02 1.47E-05 4.60E-04
2020 2.09E-02 1.57E-05 7.57E-05 5.26E-04 2.52E-03 4.41E-05 6.49E-04 7.79E-05 9.79E-04 1.76E-06 1.39E-02 1.47E-05 4.60E-04
2025 3.16E-03 2.71E-07 5.71E-07 2.08E-06 9.11E-04 2.88E-06 3.33E-06 1.57E-06 3.34E-05 1.12E-06 1.42E-03 3.38E-07 5.14E-07
2030 2.53E-03 1.32E-07 3.22E-07 9.92E-07 6.49E-04 2.11E-06 2.39E-06 1.11E-06 1.71E-05 7.67E-07 9.32E-04 1.89E-07 2.67E-07
2040 1.99E-03 4.67E-08 1.38E-07 3.54E-07 5.03E-04 1.28E-06 1.43E-06 6.45E-07 6.17E-06 4.20E-07 5.65E-04 8.71E-08 1.11E-07
2050 1.68E-03 1.81E-08 7.87E-08 1.43E-07 4.19E-04 8.42E-07 9.38E-07 4.11E-07 2.67E-06 2.66E-07 3.97E-04 4.69E-08 5.30E-08
2060 1.45E-03 7.88E-09 5.26E-08 6.65E-08 3.62E-04 5.75E-07 6.55E-07 2.75E-07 1.36E-06 1.84E-07 3.08E-04 2.88E-08 2.92E-08
2070 1.28E-03 3.96E-09 3.80E-08 3.56E-08 3.17E-04 4.01E-07 4.74E-07 1.87E-07 7.95E-07 1.32E-07 2.53E-04 1.93E-08 1.81E-08
2080 1.14E-03 2.27E-09 2.84E-08 2.11E-08 2.81E-04 2.84E-07 3.49E-07 1.31E-07 5.13E-07 9.71E-08 2.14E-04 1.36E-08 1.20E-08
2090 1.01E-03 1.45E-09 2.17E-08 1.37E-08 2.51E-04 2.02E-07 2.61E-07 9.24E-08 3.54E-07 7.23E-08 1.86E-04 9.86E-09 8.39E-09
2100 9.04E-04 1.01E-09 1.68E-08 9.29E-09 2.24E-04 1.45E-07 1.96E-07 6.59E-08 2.53E-07 5.41E-08 1.62E-04 7.24E-09 6.02E-09
2200 3.00E-04 1.89E-10 2.10E-09 4.44E-10 8.80E-05 6.78E-09 1.41E-08 2.97E-09 1.41E-08 3.50E-09 4.91E-05 4.19E-10 3.30E-10
2300 1.06E-04 7.29E-11 5.88E-10 2.82E-11 3.91E-05 4.01E-10 1.85E-09 1.73E-10  8.95E-10 3.24E-10 1.72E-05 2.73E-11 2.12E-11
2400 3.92E-05 3.28E-11 2.48E-10 1.94E-12 1.79E-05 2.76E-11 5.22E-10 1.18E-11  6.09E-11 6.28E-11 6.69E-06 1.95E-12 1.46E-12
2500 1.57E-05 1.66E-11 1.25E-10 1.43E-13 8.29E-06 2.16E-12 2.24E-10 9.04E-13 4.48E-12 2.32E-11 2.93E-06 1.63E-13 1.09E-13
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Table 2 (cont’d)

Nuclear Power Stations (continued)

Year Flamanville Golfech Gosgen Grafenrhein- Gravelines  Grohnde Hartlepool Heysham Hinkley Hunterston  Jose Kahl Krimmel
feld Cabrera
2001 1.19E-04 2.63E-05 4.16E-06 4.57E-06 5.49E-04 1.62E-05 2.71E-04 1.79E-03 4.22E-03 3.60E-03 6.82E-06 9.84E-08 4.51E-07
2002 1.13E-04 2.64E-05 4.16E-06 4.56E-06 5.34E-04 1.63E-05 2.63E-04 1.77E-03 4.19E-03 3.40E-03 6.67E-06 9.08E-08 4.48E-07
2003 1.07E-04 2.65E-05 4.16E-06 4.55E-06 5.22E-04 1.63E-05 2.58E-04 1.76E-03 4.16E-03 3.25E-03 6.52E-06 8.39E-08 4.45E-07
2004 1.03E-04 2.66E-05 4.17E-06 4.55E-06 5.12E-04 1.63E-05 2.53E-04 1.75E-03 4.14E-03 3.11E-03 6.39E-06 7.77E-08 4.44E-07
2005 9.84E-05 2.66E-05 4.17E-06 4.55E-06 5.03E-04 1.64E-05 2.48E-04 1.75E-03 4.12E-03 2.98E-03 6.28E-06 7.20E-08 4.42E-07
2006 9.49E-05 2.67E-05 4.17E-06 4.56E-06 4.95E-04 1.64E-05 2.44E-04 1.74E-03 4.09E-03 2.87E-03 6.19E-06 6.69E-08 4.41E-07
2007 9.17E-05 2.67E-05 4.17E-06 4.56E-06 4.89E-04 1.64E-05 2.40E-04 1.74E-03 4.07E-03 2.76E-03 6.09E-06 6.21E-08 4.40E-07
2008 8.89E-05 2.68E-05 4.18E-06 4.56E-06 4.83E-04 1.64E-05 2.38E-04 1.73E-03 4.06E-03 2.66E-03 6.00E-06 5.76E-08 4.39E-07
2009 8.65E-05 2.68E-05 4.18E-06 4.56E-06 4.78E-04 1.64E-05 2.36E-04 1.73E-03 4.03E-03 2.58E-03 5.93E-06 5.38E-08 4.38E-07
2010 8.43E-05 2.69E-05 4.18E-06 4.56E-06 4.74E-04 1.64E-05 2.34E-04 1.73E-03 4.02E-03 2.50E-03 5.86E-06 5.01E-08 4.38E-07
2012 8.07E-05 2.69E-05 4.18E-06 4.56E-06 4.66E-04 1.64E-05 2.30E-04 1.73E-03 3.98E-03 2.36E-03 5.73E-06 4.37E-08 4.36E-07
2014 7.79E-05 2.70E-05 4.19E-06 4.56E-06 4.61E-04 1.64E-05 2.29E-04 1.72E-03 3.95E-03 2.23E-03 5.64E-06 3.83E-08 4.35E-07
2016 7.58E-05 2.70E-05 4.19E-06 4.57E-06 4.57E-04 1.64E-05 2.27E-04 1.72E-03 3.93E-03 2.12E-03 5.55E-06 3.38E-08 4.35E-07
2018 7.41E-05 2.70E-05 4.19E-06 4.57E-06 4.54E-04 1.64E-05 2.25E-04 1.72E-03 3.90E-03 2.04E-03 5.48E-06 2.99E-08 4.34E-07
2020 7.27E-05 2.70E-05 4.19E-06 4.57E-06 4.52E-04 1.64E-05 2.24E-04 1.72E-03 3.88E-03 1.97E-03 5.41E-06 2.66E-08 4.34E-07
2025 7.84E-06 1.21E-06 2.11E-07 2.36E-07 1.23E-05 2.85E-07 2.18E-05 3.03E-04 1.31E-03 1.42E-03 5.92E-07 2.03E-08 7.11E-09
2030 4.34E-06 5.85E-07 9.57E-08 1.07E-07 6.58E-06 1.39E-07 9.93E-06 8.38E-05 1.10E-03 1.29E-03 4.58E-07 1.59E-08 3.60E-09
2040 1.70E-06 1.75E-07 3.31E-08 3.71E-08 2.37E-06 5.00E-08 3.18E-06 1.37E-05 8.66E-04 1.12E-03 2.89E-07 1.03E-08 1.32E-09
2050 8.05E-07 7.26E-08 1.22E-08 1.38E-08 1.11E-06 2.00E-08 1.36E-06 3.86E-06 7.20E-04 1.02E-03 1.92E-07 7.14E-09 5.60E-10
2060 4.55E-07 3.82E-08 4.90E-09 5.67E-09 6.40E-07 9.32E-09 7.79E-07 1.64E-06 6.16E-04 9.34E-04 1.31E-07 5.11E-09 2.76E-10
2070 2.90E-07 2.29E-08 2.16E-09 2.61E-09 4.21E-07 5.13E-09 5.42E-07 8.89E-07 5.37E-04 8.67E-04 9.16E-08 3.74E-09 1.57E-10
2080 1.99E-07 1.47E-08 1.03E-09 1.32E-09 2.96E-07 3.23E-09 4.19E-07 5.50E-07 4.72E-04 8.06E-04 6.47E-08 2.77E-09 9.92E-11
2090 1.42E-07 9.84E-09 5.20E-10 7.31E-10 2.15E-07 2.28E-09 3.43E-07 3.69E-07 4.17E-04 7.50E-04 4.60E-08 2.07E-09 6.71E-11
2100 1.04E-07 6.73E-09 2.75E-10 4.34E-10 1.58E-07 1.73E-09 2.88E-07 2.60E-07 3.71E-04 7.00E-04 3.31E-08 1.55E-09 4.74E-11
2200 5.74E-09 2.60E-10 5.05E-12 2.63E-11 9.23E-09 4.02E-10 8.95E-08 1.75E-08 1.34E-04 3.39E-04 1.53E-09 9.32E-11 3.65E-12
2300 3.62E-10 1.45E-11 1.56E-12 4.96E-12 5.90E-10 1.54E-10 3.63E-08 2.90E-09 5.46E-05 1.56E-04 9.00E-11 6.04E-12 5.20E-13
2400 2.49E-11 9.50E-13 6.37E-13 1.08E-12 4.05E-11 6.91E-11 1.58E-08 1.02E-09 2.44E-05 7.02E-05 6.10E-12 4.20E-13 1.06E-13
2500 1.86E-12 7.11E-14 2.93E-13 2.68E-13 3.00E-12 3.49E-11 7.28E-09 4.61E-10 1.22E-05 3.20E-05 4.68E-13 3.17E-14 2.79E-14
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Table 2 (cont’d)

Nuclear Power Stations (continued)

Year Leibstadt Muelheim Muhleberg  Neckarwest- Nogent Obrigheim  Oldbury Paluel Penly Philippsburg Rheinsberg Ringhals Sizewell
heim
2001 1.34E-05 4.03E-08 2.18E-04 7.94E-06 4.32E-05 1.18E-05 1.62E-03 6.02E-04 4.08E-05 1.11E-05 6.74E-09 4.34E-04 7.91E-03
2002 1.34E-05 3.57E-08 2.18E-04 7.90E-06 4.33E-05 1.16E-05 1.60E-03 5.65E-04 4.08E-05 1.11E-05 5.90E-09 4.07E-04 7.81E-03
2003 1.35E-05 3.17E-08 2.18E-04 7.87E-06 4.33E-05 1.14E-05 1.58E-03 5.34E-04 4.09E-05 1.11E-05 5.20E-09 3.85E-04 7.74E-03
2004 1.35E-05 2.83E-08 2.18E-04 7.86E-06 4.32E-05 1.12E-05 1.57E-03 5.07E-04 4.10E-05 1.11E-05 4.59E-09 3.67E-04 7.71E-03
2005 1.35E-05 2.53E-08 2.18E-04 7.85E-06 4.31E-05 1.11E-05 1.56E-03 4.82E-04 4.11E-05 1.11E-05 4.07E-09 3.53E-04 7.69E-03
2006 1.35E-05 2.26E-08 2.17E-04 7.85E-06 4.30E-05 1.09E-05 1.54E-03 4.62E-04 4.10E-05 1.11E-05 3.62E-09 3.39E-04 7.65E-03
2007 1.35E-05 2.03E-08 2.17E-04 7.85E-06 4.30E-05 1.08E-05 1.53E-03 4.44E-04 4.11E-05 1.11E-05 3.24E-09 3.29E-04 7.63E-03
2008 1.35E-05 1.82E-08 2.17E-04 7.85E-06 4.29E-05 1.07E-05 1.52E-03 4.29E-04 4.11E-05 1.11E-05 2.91E-09 3.20E-04 7.58E-03
2009 1.35E-05 1.64E-08 2.17E-04 7.85E-06 4.28E-05 1.06E-05 1.51E-03 4.17E-04 4.11E-05 1.11E-05 2.62E-09 3.12E-04 7.57E-03
2010 1.35E-05 1.48E-08 2.17E-04 7.85E-06 4.28E-05 1.05E-05 1.50E-03 4.05E-04 4.11E-05 1.11E-05 2.37E-09 3.05E-04 7.55E-03
2012 1.35E-05 1.22E-08 2.17E-04 7.85E-06 4.27E-05 1.03E-05 1.49E-03 3.87E-04 4.11E-05 1.11E-05 1.96E-09 2.96E-04 7.52E-03
2014 1.35E-05 1.01E-08 2.16E-04 7.86E-06 4.26E-05 1.02E-05 1.47E-03 3.74E-04 4.12E-05 1.12E-05 1.65E-09 2.88E-04 7.49E-03
2016 1.35E-05 8.47E-09 2.16E-04 7.86E-06 4.25E-05 1.01E-05 1.46E-03 3.64E-04 4.13E-05 1.12E-05 1.41E-09 2.83E-04 7.47E-03
2018 1.35E-05 7.16E-09 2.16E-04 7.87E-06 4.26E-05 9.96E-06 1.45E-03 3.57E-04 4.13E-05 1.12E-05 1.22E-09 2.79E-04 7.45E-03
2020 1.35E-05 6.13E-09 2.16E-04 7.88E-06 4.25E-05 9.88E-06 1.44E-03 3.51E-04 4.13E-05 1.12E-05 1.07E-09 2.76E-04 7.42E-03
2025 9.96E-08 4.36E-09 3.83E-06 4.11E-07 1.55E-06 8.06E-07 3.56E-04 5.52E-05 2.43E-06 4.92E-07 8.17E-10 3.79E-05 6.56E-04
2030 5.20E-08 3.31E-09 2.32E-06 1.91E-07 7.22E-07 5.48E-07 2.81E-04 2.63E-05 1.18E-06 2.50E-07 6.58E-10 1.83E-05 4.47E-04
2040 2.31E-08 2.19E-09 1.14E-06 7.10E-08 2.48E-07 3.20E-07 2.04E-04 6.56E-06 4.01E-07 1.07E-07 4.74E-10 5.54E-06 2.88E-04
2050 1.11E-08 1.64E-09 6.21E-07 2.99E-08 9.95E-08 2.08E-07 1.60E-04 1.92E-06 1.57E-07 5.42E-08 3.66E-10 2.43E-06 2.14E-04
2060 5.92E-09 1.28E-09 3.75E-07 1.50E-08 4.76E-08 1.46E-07 1.31E-04 7.48E-07 7.22E-08 3.25E-08 2.90E-10 1.42E-06 1.74E-04
2070 3.50E-09 1.03E-09 2.46E-07 8.93E-09 2.65E-08 1.07E-07 1.11E-04 3.89E-07 3.88E-08 2.22E-08 2.35E-10 9.67E-07 1.47E-04
2080 2.25E-09 8.39E-10 1.70E-07 6.07E-09 1.66E-08 7.98E-08 9.49E-05 2.47E-07 2.37E-08 1.65E-08 1.91E-10 7.08E-07 1.27E-04
2090 1.55E-09 6.89E-10 1.22E-07 4.53E-09 1.12E-08 6.04E-08 8.23E-05 1.72E-07 1.57E-08 1.28E-08 1.57E-10 5.38E-07 1.11E-04
2100 1.10E-09 5.69E-10 8.98E-08 3.57E-09 7.80E-09 4.60E-08 7.22E-05 1.25E-07 1.09E-08 1.02E-08 1.29E-10 4.21E-07 9.77E-05
2200 5.98E-11 9.51E-11 5.19E-09 8.52E-10 4.02E-10 3.82E-09 2.46E-05 7.16E-09 5.68E-10 1.78E-09 2.22E-11 8.88E-08 3.07E-05
2300 3.76E-12 1.84E-11 3.30E-10 2.96E-10 2.57E-11 4.61E-10 9.92E-06 4.59E-10 3.57E-11 4.57E-10 4.57E-12 4.54E-08 1.06E-05
2400 2.53E-13 3.98E-12 2.26E-11 1.18E-10 1.77E-12 7.86E-11 4.42E-06 3.18E-11 2.42E-12 1.51E-10 1.09E-12 2.92E-08 3.99E-06
2500 1.85E-14 9.89E-13 1.67E-12 5.30E-11 1.32E-13 1.74E-11 2.23E-06 2.37E-12 1.77E-13 6.06E-11 3.02E-13 2.08E-08 1.62E-06
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Table 2 (cont’d)

Nuclear Power Stations (continued)

Other Nuclear

Year St Laurent  Stade Tihange Torness Trawsfynydd Trillo Unterweser  Winfrith Wirgassen Wylfa Capenhurst Dounreay Harwell
2001 3.93E-05 6.47E-06 4.19E-04 1.46E-04 1.57E-04 1.68E-05 1.02E-05 4.08E-02 9.35E-07 9.09E-04 1.47E-06 1.38E-01 4.82E-04
2002 3.87E-05 6.42E-06 4.17E-04 1.46E-04 1.31E-04 1.68E-05 1.01E-05 3.91E-02 8.41E-07 7.81E-04 1.36E-06 1.34E-01 4.74E-04
2003 3.82E-05 6.37E-06 4.15E-04 1.45E-04 1.14E-04 1.68E-05 1.01E-05 3.76E-02 7.57E-07 6.91E-04 1.28E-06 1.31E-01 4.67E-04
2004 3.77E-05 6.33E-06 4.15E-04 1.45E-04 1.02E-04 1.68E-05 1.01E-05 3.64E-02 6.86E-07 6.33E-04 1.20E-06 1.29E-01 4.60E-04
2005 3.73E-05 6.30E-06 4.15E-04 1.46E-04 9.25E-05 1.68E-05 1.00E-05 3.52E-02 6.20E-07 5.94E-04 1.12E-06 1.27E-01 4.53E-04
2006 3.70E-05 6.27E-06 4.14E-04 1.46E-04 8.50E-05 1.68E-05 1.00E-05 3.43E-02 5.64E-07 5.69E-04 1.05E-06 1.25E-01 4.47E-04
2007 3.66E-05 6.25E-06 4.14E-04 1.46E-04 7.87E-05 1.68E-05 1.00E-05 3.34E-02 5.13E-07 5.51E-04 9.87E-07 1.23E-01 4.40E-04
2008 3.63E-05 6.23E-06 4.14E-04 1.46E-04 7.33E-05 1.68E-05 9.98E-06 3.26E-02 4.68E-07 5.38E-04 9.29E-07 1.21E-01 4.35E-04
2009 3.61E-05 6.21E-06 4.13E-04 1.46E-04 6.86E-05 1.68E-05 9.97E-06 3.18E-02 4.27E-07 5.29E-04 8.76E-07 1.19E-01 4.28E-04
2010 3.58E-05 6.19E-06 4.13E-04 1.46E-04 6.43E-05 1.68E-05 9.95E-06 3.12E-02 3.92E-07 5.21E-04 8.25E-07 1.18E-01 4.22E-04
2012 3.54E-05 6.16E-06 4.13E-04 1.46E-04 5.68E-05 1.68E-05 9.94E-06 3.00E-02 3.30E-07 5.09E-04 7.38E-07 1.15E-01 4.12E-04
2014 3.51E-05 6.14E-06 4.12E-04 1.46E-04 5.07E-05 1.68E-05 9.93E-06 2.90E-02 2.80E-07 5.00E-04 6.61E-07 1.12E-01 4.01E-04
2016 3.48E-05 6.12E-06 4.12E-04 1.46E-04 4.56E-05 1.68E-05 9.92E-06 2.82E-02 2.40E-07 4.93E-04 5.95E-07 1.09E-01 3.91E-04
2018 3.46E-05 6.10E-06 4.12E-04 1.46E-04 4.13E-05 1.68E-05 9.92E-06 2.74E-02 2.06E-07 4.86E-04 5.38E-07 1.07E-01 3.81E-04
2020 3.44E-05 6.09E-06 4.11E-04 1.46E-04 3.77E-05 1.68E-05 9.91E-06 2.68E-02 1.79E-07 4.82E-04 4.88E-07 1.05E-01 3.71E-04
2025 1.72E-06 1.33E-07 4.18E-06 1.14E-05 3.09E-05 1.41E-07 1.77E-07 2.54E-02 1.29E-07 1.13E-04 3.89E-07 9.60E-02 3.50E-04
2030 1.29E-06 8.29E-08 2.08E-06 5.64E-06 2.63E-05 8.10E-08 8.91E-08 2.41E-02 9.63E-08 5.02E-05 3.15E-07 9.16E-02 3.30E-04
2040 8.05E-07 4.31E-08 6.97E-07 2.78E-06 2.05E-05 3.18E-08 3.23E-08 2.21E-02 5.89E-08 2.93E-05 2.19E-07 8.38E-02 2.94E-04
2050 5.35E-07 2.64E-08 3.01E-07 1.83E-06 1.72E-05 1.50E-08 1.42E-08 2.02E-02 3.95E-08 2.09E-05 1.63E-07 7.75E-02 2.63E-04
2060 3.65E-07 1.79E-08 1.64E-07 1.45E-06 1.50E-05 7.98E-09 7.62E-09 1.85E-02 2.81E-08 1.65E-05 1.30E-07 7.15E-02 2.34E-04
2070 2.55E-07 1.30E-08 1.06E-07 1.25E-06 1.34E-05 4.60E-09 4.77E-09 1.69E-02 2.06E-08 1.38E-05 1.08E-07 6.63E-02 2.09E-04
2080 1.80E-07 9.76E-09 7.48E-08 1.12E-06 1.21E-05 2.81E-09 3.30E-09 1.54E-02 1.55E-08 1.19E-05 9.44E-08 6.15E-02 1.88E-04
2090 1.28E-07 7.48E-09 5.57E-08 1.02E-06 1.10E-05 1.78E-09 2.43E-09 1.40E-02 1.18E-08 1.05E-05 8.47E-08 5.70E-02 1.68E-04
2100 9.16E-08 5.81E-09 4.28E-08 9.29E-07 1.01E-05 1.17E-09 1.85E-09 1.27E-02 9.10E-09 9.33E-06 7.77E-08 5.29E-02 1.51E-04
2200 4.23E-09 7.10E-10 5.94E-09 3.96E-07 4.67E-06 4.13E-11 2.41E-10 4.57E-03 1.03E-09 3.85E-06 4.52E-08 2.46E-02 5.07E-05
2300 2.48E-10 1.66E-10 1.67E-09 1.69E-07 2.24E-06 2.32E-12 4.63E-11 1.61E-03 2.65E-10 1.79E-06 3.01E-08 1.14E-02 1.79E-05
2400 1.70E-11 5.91E-11 6.42E-10 7.28E-08 1.07E-06 1.53E-13 1.06E-11 6.04E-04 1.10E-10 8.36E-07 2.13E-08 5.42E-03 6.64E-06
2500 1.31E-12 2.67E-11 2.87E-10 3.30E-08 5.12E-07 1.15E-14 2.88E-12 2.48E-04 5.53E-11 3.95E-07 1.62E-08 2.71E-03 2.67E-06
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Table 2 (cont’d)

Other Nuclear (continued) La Hague Sellafield Isotope Baltic Flux* Phosphates
Year Karlsruhe Risg Springfields Amersham  Cardiff Baie de la Cumbrian  Gulf of Cadiz Irish Sea Kattegat
Seine Waters NW
2001 5.76E-06 1.09E-07 8.64E-03 3.61E+00 9.60E+00 3.03E-03 9.72E-02 1.21E-01 3.33E+00 3.58E+01 8.74E-01 6.62E-01 2.24E-02
2002 5.40E-06 1.01E-07 8.60E-03 3.60E+00 9.25E+00 3.03E-03 9.77E-02 8.65E-02 3.19E+00 3.43E+01 8.98E-01 6.38E-01 2.13E-02
2003 5.07E-06 9.49E-08 8.57E-03 3.60E+00 8.97E+00 3.03E-03 9.83E-02 6.97E-02 3.08E+00 3.29E+01 9.21E-01 6.15E-01 2.02E-02
2004 4.77E-06 8.90E-08 8.53E-03 3.60E+00 8.72E+00 3.03E-03 9.88E-02 5.99E-02 2.96E+00 3.15E+01 9.43E-01 5.93E-01 1.92E-02
2005 4.50E-06 8.34E-08 8.51E-03 3.61E+00 8.50E+00 3.03E-03 9.93E-02 5.36E-02 2.85E+00 3.03E+01 9.65E-01 5.72E-01 1.83E-02
2006 4.24E-06 7.85E-08 8.48E-03 3.61E+00 8.32E+00 3.03E-03 9.98E-02 4.89E-02 2.74E+00 2.92E+01 9.85E-01 5.52E-01 1.74E-02
2007 4.02E-06 7.37E-08 8.44E-03 3.62E+00 8.17E+00 3.03E-03 1.00E-01 4.49E-02 2.64E+00 2.81E+01 1.00E+00 5.31E-01 1.66E-02
2008 3.81E-06 6.94E-08 8.43E-03 3.63E+00 8.02E+00 3.03E-03 1.01E-01 4.15E-02 2.55E+00 2.69E+01 1.02E+00 5.12E-01 1.59E-02
2009 3.63E-06 6.54E-08 8.40E-03 3.64E+00 7.87E+00 3.03E-03 1.01E-01 3.83E-02 2.45E+00 2.59E+01 1.04E+00 4.94E-01 1.51E-02
2010 3.45E-06 6.17E-08 8.38E-03 3.65E+00 7.75E+00 3.03E-03 1.02E-01 3.56E-02 2.36E+00 2.50E+01 1.05E+00 4.76E-01 1.44E-02
2012 3.15E-06 5.50E-08 8.34E-03 3.65E+00 7.52E+00 3.03E-03 1.02E-01 3.06E-02 2.19E+00 2.32E+01 1.10E+00 4.42E-01 1.32E-02
2014 2.89E-06 4.94E-08 8.30E-03 3.67E+00 7.33E+00 3.03E-03 1.03E-01 2.65E-02 2.02E+00 2.15E+01 1.13E+00 4.11E-01 1.21E-02
2016 2.68E-06 4.42E-08 8.29E-03 3.68E+00 7.15E+00 3.03E-03 1.04E-01 2.29E-02 1.88E+00  1.99E+01 1.16E+00 3.82E-01 1.11E-02
2018 2.48E-06 3.99E-08 8.26E-03 3.69E+00 7.00E+00 3.03E-03 1.05E-01 1.98E-02 1.73E+00 1.86E+01 1.18E+00 3.56E-01 1.03E-02
2020 2.32E-06 3.62E-08 8.25E-03 3.71E+00 6.86E+00 3.03E-03 1.05E-01 1.72E-02 1.61E+00 1.72E+01 1.21E+00 3.30E-01 9.52E-03
2025 1.98E-06 2.85E-08 1.00E-03 4.88E-01 4.38E+00 1.19E-05 1.85E-02 1.22E-02 1.33E+00  1.44E+01 8.58E-01 2.75E-01 7.95E-03
2030 1.72E-06 2.29E-08 7.77E-04 3.87E-01 3.86E+00 1.14E-05 1.50E-02 8.87E-03 1.10E+00  1.20E+01 6.96E-01 2.30E-01 6.76E-03
2040 1.36E-06 1.54E-08 5.56E-04 2.72E-01 3.30E+00 1.06E-05 1.08E-02 5.02E-03 7.56E-01  8.47E+00 5.32E-01 1.60E-01 5.13E-03
2050 1.09E-06 1.08E-08 4.53E-04 2.01E-01 2.91E+00 9.85E-06 8.20E-03 3.11E-03 5.20E-01  5.97E+00 4 45E-01 1.11E-01 4.08E-03
2060 8.86E-07 7.74E-09 4.05E-04 1.54E-01 2.60E+00 9.14E-06 6.49E-03 2.07E-03 3.59E-01 4.20E+00 3.81E-01 7.80E-02 3.39E-03
2070 7.26E-07 5.63E-09 3.81E-04 1.24E-01 2.35E+00 8.48E-06 5.30E-03 1.45E-03 2.51E-01 2.96E+00 3.32E-01 5.46E-02 2.90E-03
2080 5.98E-07 4.13E-09 3.66E-04 1.03E-01 2.12E+00 7.87E-06 4.44E-03 1.04E-03 1.76E-01  2.09E+00 2.89E-01 3.84E-02 2.53E-03
2090 4.93E-07 3.04E-09 3.58E-04 8.79E-02 1.94E+00 7.29E-06 3.80E-03 7.66E-04 1.24E-01  1.48E+00 2.54E-01 2.72E-02 2.24E-03
2100 4.09E-07 2.24E-09 3.51E-04 7.66E-02 1.77E+00 6.76E-06 3.29E-03 5.69E-04 8.96E-02 1.05E+00 2.23E-01 1.93E-02 2.01E-03
2200 6.97E-08 1.17E-10 3.01E-04 3.13E-02 8.04E-01 3.18E-06 1.27E-03 3.31E-05 1.10E-02  6.90E-02 7.52E-02 1.57E-03 9.80E-04
2300 1.39E-08 6.72E-12 2.46E-04 1.60E-02 3.89E-01 1.49E-06 6.93E-04 2.09E-06 5.99E-03  2.82E-02 3.60E-02 7.43E-04 6.30E-04
2400 3.19E-09 4.31E-13 1.94E-04 9.03E-03 1.94E-01 6.99E-07 4.47E-04 1.42E-07 4.32E-03 1.99E-02 2.16E-02 5.38E-04 4.51E-04
2500 8.73E-10 3.07E-14 1.50E-04 5.49E-03 9.97E-02 3.32E-07 3.28E-04 1.04E-08 3.34E-03 1.55E-02 1.50E-02 4.23E-04 3.41E-04
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Table 2 (cont’d)

Phosphates Qil & Gas Chernobyl*  Fallout* All sites/
(continued) sources
Year North Sea Denmark N. Netherlands Norway N. Norway N.  UKN.Sea UKN.SeaN UKN. Sea

SE Seacentral N.SeaSE  Seacentral SeaN central Sw
2001 6.35E+01 8.13E+00 1.89E+00 1.84E+01 9.12E+00 3.13E+01 8.23E+00 1.87E+00 4.41E-01 6.94E+00  2.04E+02
2002 5.93E+01 8.52E+00 1.94E+00 1.91E+01 9.37E+00 3.24E+01 8.45E+00 1.90E+00 4.17E-01 6.80E+00  2.00E+02
2003 5.75E+01 8.92E+00 1.97E+00 2.00E+01 9.64E+00 3.35E+01 8.64E+00 1.93E+00 3.94E-01 6.66E+00  2.00E+02
2004 5.65E+01 9.33E+00 2.02E+00 2.08E+01 9.89E+00 3.46E+01 8.85E+00 1.95E+00 3.74E-01 6.54E+00  2.00E+02
2005 5.57E+01 9.73E+00 2.05E+00 2.16E+01 1.02E+01 3.56E+01 9.05E+00 1.99E+00 3.55E-01 6.42E+00  2.00E+02
2006 5.51E+01 1.01E+01 2.09E+00 2.25E+01 1.04E+01 3.67E+01 9.25E+00 2.01E+00 3.36E-01 6.30E+00  2.01E+02
2007 5.45E+01 1.05E+01 2.12E+00 2.33E+01 1.07E+01 3.77E+01 9.43E+00 2.04E+00 3.20E-01 6.19E+00  2.01E+02
2008 5.39E+01 1.10E+01 2.16E+00 2.42E+01 1.10E+01 3.88E+01 9.61E+00 2.06E+00 3.05E-01 6.08E+00  2.02E+02
2009 5.34E+01 1.14E+01 2.18E+00 2.50E+01 1.12E+01 3.98E+01 9.82E+00 2.08E+00 2.90E-01 5.96E+00  2.03E+02
2010 5.29E+01 1.18E+01 2.21E+00 2.59E+01 1.15E+01 4.08E+01 1.00E+01 2.11E+00 2.77E-01 5.86E+00  2.04E+02
2012 5.18E+01 1.26E+01 2.27E+00 2.76E+01 1.20E+01 4.29E+01 1.04E+01 2.15E+00 2.52E-01 5.66E+00  2.06E+02
2014 5.08E+01 1.35E+01 2.32E+00 2.92E+01 1.25E+01 4.48E+01 1.07E+01 2.19E+00 2.30E-01 547E+00  2.08E+02
2016 5.00E+01 1.44E+01 2.36E+00 3.08E+01 1.30E+01 4.67E+01 1.11E+01 2.22E+00 2.11E-01 5.30E+00  2.11E+02
2018 4.92E+01 1.52E+01 2.40E+00 3.24E+01 1.35E+01 4.85E+01 1.14E+01 2.26E+00 1.93E-01 5.14E+00  2.13E+02
2020 4.84E+01 1.59E+01 2.44E+00 3.40E+01 1.40E+01 5.03E+01 1.18E+01 2.30E+00 1.78E-01 4.99E+00  2.16E+02
2025 1.68E+01 1.17E+01 1.37E+00 2.58E+01 8.37E+00 3.87E+01 7.37E+00 8.51E-01 1.45E-01 4.63E+00 1.38E+02
2030 1.39E+01 1.18E+01 1.27E+00 2.56E+01 8.10E+00 3.78E+01 7.10E+00 7.42E-01 1.20E-01 4.32E+00 1.29E+02
2040 9.67E+00 1.04E+01 1.02E+00 2.24E+01 7.27E+00 3.26E+01 6.32E+00 5.52E-01 8.34E-02 3.80E+00 1.08E+02
2050 6.70E+00 8.35E+00 7.84E-01 1.79E+01 6.23E+00 2.58E+01 5.40E+00 4.00E-01 5.93E-02 3.39E+00  8.52E+01
2060 4.67E+00 6.39E+00 5.82E-01 1.36E+01 5.25E+00 1.96E+01 4.54E+00 2.85E-01 4.27E-02 3.04E+00  6.59E+01
2070 3.29E+00 4.74E+00 4.25E-01 1.01E+01 4.40E+00 1.45E+01 3.83E+00 2.01E-01 3.10E-02 2.77E+00 5.04E+01
2080 2.32E+00 3.47E+00 3.09E-01 7.39E+00 3.72E+00 1.06E+01 3.23E+00 1.42E-01 2.27E-02 2.53E+00  3.86E+01
2090 1.67E+00 2.51E+00 2.24E-01 5.35E+00 3.16E+00 7.66E+00 2.77E+00 9.91E-02 1.67E-02 2.32E+00  2.98E+01
2100 1.22E+00 1.82E+00 1.64E-01 3.88E+00 2.73E+00 5.55E+00 2.38E+00 6.95E-02 1.23E-02 2.15E+00  2.33E+01
2200 1.67E-01 1.60E-01 1.98E-02 3.48E-01 1.05E+00 5.24E-01 9.41E-01 4.14E-03 6.59E-04 1.13E+00 5.37E+00
2300 9.22E-02 7.58E-02 1.05E-02 1.67E-01 6.47E-01 2.58E-01 5.81E-01 1.73E-03 3.94E-05 7.01E-01 3.02E+00
2400 6.61E-02 5.35E-02 7.50E-03 1.19E-01 4.61E-01 1.83E-01 4.17E-01 1.23E-03 2.58E-06 4.85E-01 2.05E+00
2500 5.10E-02 4.12E-02 5.76E-03 9.12E-02 3.52E-01 1.41E-01 3.19E-01 9.51E-04 1.84E-07 3.72E-01 1.52E+00

Note: * - source continues to 2000 only
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Table 3: Integrated Collective doses to the European Union population by site/source due to discharges up to 2000 only

(man Sv)
Baltic Flux ~ Chernobyl Fallout Isotope Phosphates Oil & Gas
Year Baie de la Cumbrian Gulf of Cadiz Irish Sea  Kattegat North Sea SE Denmark N. Netherlands N. Norway N.
Seine Waters NW Sea central Sea SE Sea central

1952 3.64E-04 0.00E+00 1.05E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1953 1.53E-03 0.00E+00 2.28E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1954 4.24E-03 0.00E+00 5.68E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1955 1.31E-02 0.00E+00 1.22E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1956 3.17E-02 0.00E+00 2.11E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1957 6.19E-02 0.00E+00 3.12E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1958 1.03E-01 0.00E+00 4.32E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1959 1.57E-01 0.00E+00 5.98E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1960 2.30E-01 0.00E+00 7.62E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1961 3.07E-01 0.00E+00 8.99E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1962 3.84E-01 0.00E+00 1.10E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1963 4.80E-01 0.00E+00 1.45E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1964 6.30E-01 0.00E+00 1.87E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1965 8.25E-01 0.00E+00 2.27E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00
1966 1.03E+00 0.00E+00 2.58E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1967 1.23E+00 0.00E+00 2.83E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1968 1.41E+00 0.00E+00 3.05E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1969 1.59E+00 0.00E+00 3.24E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1970 1.75E+00 0.00E+00 3.43E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 7.94E-05 0.00E+00
1971 1.88E+00 0.00E+00 3.61E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.94E-04 5.38E-03
1972 1.98E+00 0.00E+00 3.80E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 2.65E-04 4.25E-02
1973 2.06E+00 0.00E+00 3.95E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 3.81E-04 1.19E-01
1974 2.11E+00 0.00E+00 4.10E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 6.33E-04 2.19E-01
1975 2.15E+00 0.00E+00 4.26E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.05E-02 4.70E-01
1976 2.18E+00 0.00E+00 4.39E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 5.27E-02 1.01E+00
1977 2.21E+00 0.00E+00 4.53E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.47E-01 1.80E+00
1978 2.23E+00 0.00E+00 4.66E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 2.86E-01 2.83E+00
1979 2.25E+00 0.00E+00 4.80E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 4.94E-01 4.11E+00
1980 2.26E+00 0.00E+00 4.93E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00 7.76E-01 5.70E+00
1981 2.28E+00 0.00E+00 5.05E+02 0.00E+00 1.93E+01 6.48E+01 7.06E-02 3.36E+00 1.77E+01 1.27E+02 6.84E-02 1.09E+00 7.61E+00
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Table 3 (cont’d)

Baltic Flux Chernobyl Fallout Isotope Phosphates Oil & Gas
Year Baie de la Cumbrian Gulf of Cadiz Irish Sea Kattegat North Sea Denmark N. Netherlands Norway N.
Seine Waters NW SE Seacentral N.Sea SE  Sea central

1982 2.29E+00 0.00E+00 5.17E+02 0.00E+00 5.24E+01 2.13E+02 2.35E-01 1.23E+01 4 18E+01 3.29E+02 3.24E-01 1.44E+00 9.67E+00
1983 2.31E+00 0.00E+00 5.27E+02 0.00E+00 8.81E+01 4.13E+02 4.71E-01 2.49E+01 6.92E+01 5.61E+02 8.05E-01 1.94E+00 1.20E+01
1984 2.32E+00 0.00E+00 5.39E+02 0.00E+00 1.25E+02 6.47E+02 7.80E-01 3.84E+01 1.01E+02 8.07E+02 1.47E+00 2.69E+00 1.47E+01
1985 2.33E+00 0.00E+00 5.49E+02 0.00E+00 1.63E+02 8.93E+02 1.16E+00 4.87E+01 1.31E+02 1.05E+03 2.32E+00 3.70E+00 1.78E+01
1986 2.62E+00 1.26E+01 5.59E+02 0.00E+00 2.00E+02 1.14E+03 1.60E+00 5.61E+01 1.54E+02 1.28E+03 3.43E+00 5.00E+00 2.13E+01
1987 3.16E+00 2.79E+01 5.69E+02 0.00E+00 2.39E+02 1.36E+03 2.08E+00 6.18E+01 1.82E+02 1.49E+03 4.86E+00 6.43E+00 2.54E+01
1988 3.76E+00 3.54E+01 5.79E+02 6.71E-02 2.78E+02 1.58E+03 2.61E+00 6.58E+01 2.07E+02 1.72E+03 6.56E+00 7.90E+00 2.99E+01
1989 4.36E+00 3.94E+01 5.88E+02 1.69E-01 3.16E+02 1.78E+03 3.16E+00 6.84E+01 2.33E+02 1.95E+03 8.57E+00 9.35E+00 3.54E+01
1990 4.94E+00 4 17E+01 5.97E+02 2.88E-01 3.55E+02 1.96E+03 3.72E+00 7.01E+01 2.49E+02 2.17E+03 1.09E+01 1.08E+01 4.19E+01
1991 5.49E+00 4.33E+01 6.05E+02 4.07E-01 3.95E+02 2.12E+03 4.29E+00 7.13E+01 2.64E+02 2.39E+03 1.36E+01 1.23E+01 4.93E+01
1992 5.99E+00 4.44E+01 6.14E+02 5.25E-01 4.26E+02 2.25E+03 4.88E+00 7.24E+01 2.77E+02 2.58E+03 1.67E+01 1.37E+01 5.79E+01
1993 6.44E+00 4.54E+01 6.22E+02 6.35E-01 4.40E+02 2.35E+03 5.50E+00 7.34E+01 2.88E+02 2.75E+03 2.02E+01 1.51E+01 6.76E+01
1994 6.85E+00 4.61E+01 6.30E+02 7.36E-01 4.47E+02 2.42E+03 6.14E+00 7.42E+01 2.90E+02 2.89E+03 2.42E+01 1.67E+01 7.84E+01
1995 7.23E+00 4.69E+01 6.38E+02 8.41E-01 4.52E+02 2.49E+03 6.81E+00 7.51E+01 2.90E+02 3.05E+03 2.84E+01 1.84E+01 9.06E+01
1996 7.56E+00 4.75E+01 6.46E+02 9.63E-01 4.56E+02 2.54E+03 7.53E+00 7.59E+01 2.90E+02 3.23E+03 3.31E+01 2.02E+01 1.04E+02
1997 7.86E+00 4.81E+01 6.53E+02 1.07E+00 4.60E+02 2.58E+03 8.30E+00 7.66E+01 2.90E+02 3.39E+03 3.84E+01 2.19E+01 1.19E+02
1998 8.13E+00 4.86E+01 6.62E+02 1.18E+00 4.63E+02 2.62E+03 9.07E+00 7.75E+01 2.90E+02 3.57E+03 4.41E+01 2.37E+01 1.35E+02
1999 8.37E+00 4.91E+01 6.69E+02 1.28E+00 4.67E+02 2.66E+03 9.89E+00 7.82E+01 2.90E+02 3.74E+03 5.06E+01 2.55E+01 1.52E+02
2000 8.59E+00 4.96E+01 6.75E+02 1.37E+00 4.70E+02 2.70E+03 1.07E+01 7.89E+01 2.90E+02 3.85E+03 5.80E+01 2.73E+01 1.69E+02
2001 8.74E+00 5.00E+01 6.82E+02 1.42E+00 4.74E+02 2.74E+03 1.14E+01 7.95E+01 2.90E+02 3.90E+03 6.45E+01 2.87E+01 1.84E+02
2002 8.84E+00 5.04E+01 6.89E+02 1.44E+00 4.76E+02 2.77E+03 1.22E+01 8.02E+01 2.91E+02 3.94E+03 6.92E+01 2.98E+01 1.96E+02
2003 8.91E+00 5.08E+01 6.96E+02 1.45E+00 4.79E+02 2.80E+03 1.29E+01 8.08E+01 2.91E+02 3.97E+03 7.31E+01 3.07E+01 2.07E+02
2004 8.98E+00 5.12E+01 7.03E+02 1.46E+00 4.83E+02 2.83E+03 1.34E+01 8.14E+01 2.91E+02 3.99E+03 7.67E+01 3.15E+01 2.16E+02
2005 9.04E+00 5.16E+01 7.09E+02 1.48E+00 4.86E+02 2.86E+03 1.40E+01 8.19E+01 2.91E+02 4.02E+03 8.03E+01 3.25E+01 2.26E+02
2006 9.09E+00 5.19E+01 7.16E+02 1.49E+00 4.89E+02 2.89E+03 1.45E+01 8.26E+01 2.91E+02 4.04E+03 8.41E+01 3.33E+01 2.36E+02
2007 9.13E+00 5.23E+01 7.22E+02 1.50E+00 4.91E+02 2.92E+03 1.51E+01 8.31E+01 2.91E+02 4.07E+03 8.77E+01 3.42E+01 2.46E+02
2008 9.18E+00 5.26E+01 7.28E+02 1.51E+00 4.94E+02 2.95E+03 1.55E+01 8.36E+01 2.91E+02 4.09E+03 9.15E+01 3.51E+01 2.56E+02
2009 9.22E+00 5.29E+01 7.34E+02 1.51E+00 4.96E+02 2.98E+03 1.60E+01 8.41E+01 2.91E+02 4.11E+03 9.54E+01 3.60E+01 2.67E+02
2010 9.25E+00 5.31E+01 7.40E+02 1.52E+00 4.99E+02 3.01E+03 1.64E+01 8.46E+01 2.91E+02 4.13E+03 9.94E+01 3.69E+01 2.77E+02
2011 9.29E+00 5.34E+01 7.46E+02 1.53E+00 5.01E+02 3.03E+03 1.68E+01 8.51E+01 2.91E+02 4.16E+03 1.03E+02 3.77E+01 2.89E+02
2012 9.32E+00 5.37E+01 7.51E+02 1.54E+00 5.03E+02 3.06E+03 1.71E+01 8.55E+01 2.91E+02 4.18E+03 1.07E+02 3.86E+01 2.99E+02
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Table 3 (cont’d)

Baltic Flux ~ Chernobyl Fallout Isotope Phosphates Oil & Gas
Year Baie de la Cumbrian Gulf of Cadiz Irish Sea Kattegat North Sea Denmark N. Netherlands Norway N.
Seine Waters NW SE Sea central N. Sea SE Sea central

2013 9.35E+00 5.39E+01 7.57TE+02 1.55E+00 5.05E+02 3.08E+03 1.76E+01 8.59E+01 2.91E+02 4.20E+03 1.11E+02 3.95E+01 3.11E+02
2014 9.38E+00 5.42E+01 7.62E+02 1.56E+00 5.07E+02 3.10E+03 1.79E+01 8.63E+01 2.91E+02 4.22E+03 1.16E+02 4.04E+01 3.21E+02
2015 9.40E+00 5.44E+01 7.68E+02 1.56E+00 5.09E+02 3.12E+03 1.83E+01 8.67E+01 2.91E+02 4.24E+03 1.20E+02 4 12E+01 3.32E+02
2016 9.43E+00 5.46E+01 7.73E+02 1.57E+00 5.11E+02 3.14E+03 1.86E+01 8.71E+01 2.91E+02 4.26E+03 1.24E+02 4.20E+01 3.43E+02
2017 9.45E+00 5.48E+01 7.78E+02 1.58E+00 5.13E+02 3.16E+03 1.89E+01 8.76E+01 2.91E+02 4.27E+03 1.28E+02 4.29E+01 3.53E+02
2018 9.47E+00 5.50E+01 7.84E+02 1.58E+00 5.15E+02 3.18E+03 1.92E+01 8.79E+01 2.91E+02 4.29E+03 1.32E+02 4.37E+01 3.64E+02
2019 9.49E+00 5.52E+01 7.89E+02 1.59E+00 5.16E+02 3.20E+03 1.95E+01 8.83E+01 2.91E+02 4.30E+03 1.36E+02 4.44E+01 3.75E+02
2020 9.51E+00 5.54E+01 7.94E+02 1.59E+00 5.18E+02 3.21E+03 1.99E+01 8.86E+01 2.91E+02 4.32E+03 1.40E+02 4.52E+01 3.86E+02
2025 9.58E+00 5.62E+01 8.18E+02 1.62E+00 5.26E+02 3.29E+03 2.13E+01 9.01E+01 2.91E+02 4.38E+03 1.58E+02 4.89E+01 4.35E+02
2030 9.63E+00 5.68E+01 8.40E+02 1.65E+00 5.32E+02 3.36E+03 2.26E+01 9.13E+01 2.91E+02 4.44E+03 1.76E+02 5.22E+01 4.80E+02
2035 9.67E+00 5.74E+01 8.61E+02 1.67E+00 5.37E+02 3.41E+03 2.37E+01 9.24E+01 2.91E+02 4.48E+03 1.91E+02 5.50E+01 5.22E+02
2040 9.70E+00 5.78E+01 8.81E+02 1.68E+00 5.41E+02 3.45E+03 2.47E+01 9.33E+01 2.91E+02 4.53E+03 2.04E+02 5.75E+01 5.57E+02
2045 9.72E+00 5.82E+01 8.99E+02 1.70E+00 5.44E+02 3.50E+03 2.58E+01 9.40E+01 2.91E+02 4.56E+03 2.17E+02 5.97E+01 5.88E+02
2050 9.74E+00 5.85E+01 9.17E+02 1.71E+00 5.47E+02 3.53E+03 2.67E+01 9.46E+01 2.91E+02 4.59E+03 2.27E+02 6.15E+01 6.16E+02
2055 9.75E+00 5.88E+01 9.32E+02 1.73E+00 5.49E+02 3.56E+03 2.76E+01 9.51E+01 2.91E+02 4.61E+03 2.36E+02 6.31E+01 6.39E+02
2060 9.76E+00 5.90E+01 9.49E+02 1.74E+00 5.51E+02 3.58E+03 2.84E+01 9.56E+01 2.91E+02 4.63E+03 2.43E+02 6.44E+01 6.60E+02
2065 9.77E+00 5.92E+01 9.63E+02 1.75E+00 5.53E+02 3.60E+03 2.91E+01 9.59E+01 2.91E+02 4.65E+03 2.49E+02 6.56E+01 6.76E+02
2070 9.78E+00 5.94E+01 9.77E+02 1.76E+00 5.54E+02 3.62E+03 2.98E+01 9.62E+01 2.91E+02 4.66E+03 2.56E+02 6.66E+01 6.92E+02
2075 9.79E+00 5.96E+01 9.91E+02 1.77E+00 5.55E+02 3.63E+03 3.05E+01 9.64E+01 2.91E+02 4.67E+03 2.60E+02 6.74E+01 7.04E+02
2080 9.79E+00 5.97E+01 1.00E+03 1.77E+00 5.56E+02 3.64E+03 3.11E+01 9.66E+01 2.91E+02 4.68E+03 2.64E+02 6.81E+01 7.14E+02
2085 9.80E+00 5.98E+01 1.02E+03 1.78E+00 5.57E+02 3.65E+03 3.17E+01 9.68E+01 2.91E+02 4.69E+03 2.68E+02 6.87E+01 7.24E+02
2090 9.80E+00 5.99E+01 1.03E+03 1.79E+00 5.58E+02 3.66E+03 3.22E+01 9.70E+01 2.91E+02 4.69E+03 2.71E+02 6.93E+01 7.31E+02
2095 9.81E+00 6.00E+01 1.04E+03 1.80E+00 5.58E+02 3.67E+03 3.28E+01 9.71E+01 2.91E+02 4.70E+03 2.73E+02 6.97E+01 7.38E+02
2100 9.81E+00 6.00E+01 1.05E+03 1.80E+00 5.60E+02 3.67E+03 3.32E+01 9.72E+01 2.91E+02 4.70E+03 2.75E+02 7.01E+01 7.43E+02
2200 9.83E+00 6.04E+01 1.21E+03 1.88E+00 5.63E+02 3.70E+03 3.88E+01 9.79E+01 2.91E+02 4.74E+03 2.89E+02 7.28E+01 7.79E+02
2300 9.83E+00 6.04E+01 1.30E+03 1.92E+00 5.63E+02 3.71E+03 4 11E+01 9.80E+01 2.92E+02 4.75E+03 2.92E+02 7.35E+01 7.88E+02
2400 9.83E+00 6.04E+01 1.35E+03 1.94E+00 5.64E+02 3.71E+03 4.22E+01 9.80E+01 2.92E+02 4.75E+03 2.94E+02 7.40E+01 7.93E+02
2500 9.83E+00 6.04E+01 1.40E+03 1.95E+00 5.64E+02 3.71E+03 4.31E+01 9.81E+01 2.92E+02 4.76E+03 2.95E+02 7.45E+01 7.97E+02
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Table 3 (cont’d)

Oil & Gas (continued) Nuclear Power Other Nucl. La Hague Sellafield UK Military All sites
Year Norway N.  UKN.Sea UKN.SeaN UKN. SeaSW Stations Isources

Sea N central
1952 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.46E-02 0.00E+00 3.07E+00 0.00E+00 4.19E+00
1953 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.75E-02 0.00E+00 1.10E+01 0.00E+00 1.33E+01
1954 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 9.12E-02 0.00E+00 2.40E+01 0.00E+00 2.97E+01
1955 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.05E-01 0.00E+00 3.75E+01 0.00E+00 4.98E+01
1956 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.21E-01 0.00E+00 9.19E+01 0.00E+00 1.13E+02
1957 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.36E-01 0.00E+00 1.56E+02 0.00E+00 1.87E+02
1958 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.74E-01 0.00E+00 2.33E+02 0.00E+00 2.76E+02
1959 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.26E-04 6.15E-01 0.00E+00 3.12E+02 0.00E+00 3.72E+02
1960 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.83E-03 1.11E+00 0.00E+00 3.93E+02 0.00E+00 4.71E+02
1961 0.00E+00 0.00E+00 0.00E+00 0.00E+00 8.74E-03 1.57E+00 0.00E+00  4.62E+02 0.00E+00 5.53E+02
1962 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.28E-02 2.41E+00 0.00E+00 5.17E+02 0.00E+00 6.29E+02
1963 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.09E-02 3.33E+00 0.00E+00 5.79E+02 0.00E+00 7.28E+02
1964 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.42E-02  4.76E+00 0.00E+00 6.40E+02 0.00E+00 8.33E+02
1965 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.36E-01 6.94E+00 0.00E+00 6.92E+02 0.00E+00 9.26E+02
1966 0.00E+00 0.00E+00 0.00E+00 0.00E+00 2.30E-01 9.08E+00 3.42E-01 7.46E+02 0.00E+00 1.01E+03
1967 0.00E+00 0.00E+00 0.00E+00 0.00E+00 4.18E-01 1.16E+01 1.76E+00 7.98E+02 0.00E+00 1.10E+03
1968 0.00E+00 0.00E+00 0.00E+00 0.00E+00 6.88E-01 1.44E+01 4.29E+00 8.58E+02 0.00E+00 1.18E+03
1969 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.09E+00 1.71E+01 7.07E+00 9.25E+02 0.00E+00 1.28E+03
1970 0.00E+00 4. 17E-03 1.70E-03 0.00E+00 1.69E+00 1.99E+01 1.33E+01 1.01E+03 0.00E+00 1.39E+03
1971 3.75E-03 5.01E-02 7.83E-03 9.45E-02 2.69E+00  2.20E+01 2.64E+01 1.12E+03 0.00E+00 1.54E+03
1972 2.89E-02 1.86E-01 2.23E-02 3.55E-01 3.52E+00  2.39E+01 4.12E+01 1.25E+03 0.00E+00 1.70E+03
1973 7.68E-02 3.94E-01 4.49E-02 7.20E-01 4.09E+00  2.58E+01 5.45E+01 1.40E+03 0.00E+00 1.88E+03
1974 1.38E-01 6.52E-01 7.35E-02 1.16E+00 4.67E+00  2.75E+01 7.29E+01 1.55E+03 0.00E+00 2.07E+03
1975 3.02E-01 9.85E-01 1.19E-01 1.68E+00 5.62E+00  2.90E+01 1.01E+02 1.73E+03 0.00E+00 2.30E+03
1976 6.47E-01 1.67E+00 2.94E-01 2.24E+00 6.48E+00 3.00E+01 1.30E+02 1.95E+03 0.00E+00 2.56E+03
1977 1.13E+00 3.46E+00 8.91E-01 2.84E+00 7.22E+00 3.07E+01 1.53E+02 2.17E+03 0.00E+00 2.83E+03
1978 1.73E+00 6.93E+00 2.07E+00 3.46E+00 8.07E+00 3.13E+01 1.81E+02 2.41E+03 0.00E+00 3.12E+03
1979 2.45E+00 1.23E+01 3.93E+00 4.09E+00 9.18E+00 3.17E+01 2.14E+02 2.64E+03 0.00E+00 3.40E+03
1980 3.35E+00 1.94E+01 6.38E+00 4.74E+00 1.11E+01 3.21E+01 2.45E+02 2.84E+03 0.00E+00 3.66E+03
1981 4.38E+00 2.79E+01 9.25E+00 5.38E+00 1.28E+01 3.29E+01 2.75E+02 3.02E+03 0.00E+00 4.14E+03
1982 5.50E+00 3.76E+01 1.26E+01 6.04E+00 1.39E+01 3.35E+01 3.08E+02 3.19E+03 0.00E+00 4.78E+03




£¢- 93eq

Table 3 (cont’d)

Oil & Gas (continued) Nuclear Power Other Nucl. La Hague Sellafield UK Military All sites
Year Norway N.  UKN.Sea UKN.SeaN UKN. SeaSW Stations Isources

Sea N central
1983 6.78E+00 4.92E+01 1.64E+01 6.71E+00 1.48E+01 3.43E+01 3.42E+02 3.33E+03 0.00E+00 5.50E+03
1984 8.24E+00 6.21E+01 2.08E+01 7.41E+00 1.59E+01 3.53E+01 3.73E+02 3.46E+03 0.00E+00 6.26E+03
1985 9.93E+00 7.67E+01 2.56E+01 8.14E+00 1.65E+01 3.60E+01 4.08E+02 3.55E+03 0.00E+00 6.99E+03
1986 1.18E+01 9.24E+01 3.07E+01 8.92E+00 1.69E+01 3.65E+01 4.43E+02 3.61E+03 0.00E+00 7.68E+03
1987 1.40E+01 1.09E+02 3.61E+01 9.74E+00 1.74E+01 3.70E+01 4.82E+02 3.65E+03 0.00E+00 8.33E+03
1988 1.65E+01 1.26E+02 4.15E+01 1.06E+01 1.78E+01 3.74E+01 5.14E+02 3.68E+03 5.49E-05 8.95E+03
1989 1.94E+01 1.43E+02 4.66E+01 1.14E+01 1.81E+01 3.78E+01 5.39E+02 3.72E+03 1.49E-04 9.58E+03
1990 2.30E+01 1.60E+02 5.17E+01 1.23E+01 1.85E+01 3.81E+01 5.58E+02 3.74E+03 2.02E-04 1.01E+04
1991 2.70E+01 1.77E+02 5.66E+01 1.33E+01 1.87E+01 3.83E+01 5.67E+02 3.74E+03 2.49E-04 1.06E+04
1992 3.17E+01 1.95E+02 6.16E+01 1.44E+01 1.89E+01 3.86E+01 5.71E+02 3.76E+03 3.16E-04 1.11E+04
1993 3.69E+01 2.14E+02 6.68E+01 1.55E+01 1.91E+01 3.88E+01 5.73E+02 3.78E+03 3.72E-04 1.14E+04
1994 4.28E+01 2.35E+02 7.26E+01 1.66E+01 1.93E+01 3.91E+01 5.77E+02 3.79E+03 4.04E-04 1.17E+04
1995 4.94E+01 2.57E+02 7.90E+01 1.79E+01 1.94E+01 3.94E+01 5.80E+02 3.81E+03 4.33E-04 1.20E+04
1996 5.67E+01 2.82E+02 8.58E+01 1.94E+01 1.96E+01 3.97E+01 5.84E+02 3.81E+03 4.58E-04 1.24E+04
1997 6.45E+01 3.07E+02 9.29E+01 2.10E+01 1.97E+01 3.99E+01 5.87E+02 3.82E+03 4.80E-04 1.27E+04
1998 7.28E+01 3.34E+02 1.00E+02 2.27E+01 1.98E+01 4.00E+01 5.91E+02 3.84E+03 5.01E-04 1.30E+04
1999 8.14E+01 3.63E+02 1.08E+02 2.45E+01 2.00E+01 4.03E+01 5.96E+02 3.85E+03 5.20E-04 1.33E+04
2000 9.02E+01 3.92E+02 1.16E+02 2.63E+01 2.01E+01 4.04E+01 6.00E+02 3.86E+03 5.38E-04 1.35E+04
2001 9.72E+01 4.19E+02 1.22E+02 2.76E+01 2.01E+01 4.05E+01 6.01E+02 3.86E+03 5.51E-04 1.37E+04
2002 1.02E+02 4.42E+02 1.27E+02 2.83E+01 2.02E+01 4.06E+01 6.02E+02 3.87E+03 5.61E-04 1.38E+04
2003 1.06E+02 4.62E+02 1.32E+02 2.89E+01 2.03E+01 4.08E+01 6.03E+02 3.89E+03 5.71E-04 1.40E+04
2004 1.10E+02 4.83E+02 1.36E+02 2.93E+01 2.03E+01 4.09E+01 6.03E+02 3.89E+03 5.78E-04 1.41E+04
2005 1.13E+02 5.02E+02 1.40E+02 2.99E+01 2.04E+01 4.11E+01 6.04E+02 3.90E+03 5.85E-04 1.42E+04
2006 1.17E+02 5.22E+02 1.43E+02 3.03E+01 2.04E+01 4.12E+01 6.04E+02 3.90E+03 5.91E-04 1.43E+04
2007 1.20E+02 5.43E+02 1.47E+02 3.07E+01 2.05E+01 4.13E+01 6.04E+02 3.91E+03 5.95E-04 1.44E+04
2008 1.23E+02 5.64E+02 1.51E+02 3.11E+01 2.05E+01 4.14E+01 6.05E+02 3.91E+03 5.99E-04 1.46E+04
2009 1.27E+02 5.83E+02 1.55E+02 3.15E+01 2.06E+01 4.15E+01 6.05E+02 3.92E+03 6.02E-04 1.47E+04
2010 1.30E+02 6.04E+02 1.59E+02 3.19E+01 2.06E+01 4 17E+01 6.05E+02 3.92E+03 6.05E-04 1.48E+04
2011 1.34E+02 6.25E+02 1.63E+02 3.23E+01 2.06E+01 4.18E+01 6.06E+02 3.92E+03 6.07E-04 1.49E+04
2012 1.37E+02 6.47E+02 1.66E+02 3.27E+01 2.07E+01 4.19E+01 6.06E+02 3.93E+03 6.09E-04 1.50E+04
2013 1.40E+02 6.67E+02 1.70E+02 3.31E+01 2.07E+01 4.20E+01 6.06E+02 3.94E+03 6.11E-04 1.51E+04
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Table 3 (cont’d)

Oil & Gas (continued) Nuclear Power Other Nucl. La Hague Sellafield UK Military All sites
Year Norway N.  UKN.Sea UKN.SeaN UKN. SeaSW Stations Isources

Sea N central
2014 1.44E+02 6.87E+02 1.74E+02 3.35E+01 2.08E+01 4.21E+01 6.06E+02 3.95E+03 6.13E-04 1.52E+04
2015 1.47E+02 7.08E+02 1.77E+02 3.38E+01 2.08E+01 4.22E+01 6.07E+02 3.95E+03 6.15E-04 1.53E+04
2016 1.50E+02 7.28E+02 1.81E+02 3.42E+01 2.08E+01 4.23E+01 6.07E+02 3.96E+03 6.16E-04 1.54E+04
2017 1.54E+02 7.48E+02 1.85E+02 3.45E+01 2.09E+01 4.24E+01 6.07E+02 3.96E+03 6.17E-04 1.55E+04
2018 1.57E+02 7.67E+02 1.88E+02 3.48E+01 2.09E+01 4.25E+01 6.07E+02 3.96E+03 6.17E-04 1.56E+04
2019 1.60E+02 7.87E+02 1.92E+02 3.51E+01 2.10E+01 4.26E+01 6.08E+02 3.97E+03 6.19E-04 1.56E+04
2020 1.64E+02 8.06E+02 1.95E+02 3.54E+01 2.10E+01 4.27E+01 6.08E+02 3.97E+03 6.19E-04 1.57E+04
2025 1.79E+02 8.97E+02 2.12E+02 3.69E+01 2.11E+01 4.32E+01 6.09E+02 3.99E+03 6.21E-04 1.61E+04
2030 1.93E+02 9.79E+02 2.28E+02 3.80E+01 2.13E+01 4.37E+01 6.10E+02  4.01E+03 6.22E-04 1.65E+04
2035 2.07E+02 1.05E+03 2.43E+02 3.90E+01 2.15E+01 4.42E+01 6.10E+02  4.02E+03 6.22E-04 1.68E+04
2040 2.20E+02 1.12E+03 2.56E+02 3.99E+01 2.16E+01 4.46E+01 6.11E+02  4.04E+03 6.23E-04 1.70E+04
2045 2.31E+02 1.17E+03 2.68E+02 4.06E+01 2.17E+01 4.50E+01 6.12E+02  4.06E+03 6.23E-04 1.73E+04
2050 2.42E+02 1.22E+03 2.79E+02 4.12E+01 2.18E+01 4.55E+01 6.12E+02  4.07E+03 6.23E-04 1.75E+04
2055 2.51E+02 1.27E+03 2.90E+02 4 17E+01 2.20E+01 4.58E+01 6.13E+02  4.08E+03 6.23E-04 1.77E+04
2060 2.59E+02 1.30E+03 2.99E+02 4.22E+01 2.21E+01 4.61E+01 6.13E+02  4.09E+03 6.23E-04 1.78E+04
2065 2.68E+02 1.33E+03 3.07E+02 4.25E+01 2.22E+01 4.65E+01 6.14E+02  4.11E+03 6.23E-04 1.80E+04
2070 2.75E+02 1.35E+03 3.16E+02 4.28E+01 2.23E+01 4.68E+01 6.14E+02  4.13E+03 6.23E-04 1.81E+04
2075 2.81E+02 1.38E+03 3.23E+02 4.30E+01 2.24E+01 4.71E+01 6.14E+02  4.14E+03 6.23E-04 1.82E+04
2080 2.88E+02 1.39E+03 3.29E+02 4.33E+01 2.25E+01 4.75E+01 6.15E+02  4.15E+03 6.23E-04 1.83E+04
2085 2.94E+02 1.41E+03 3.36E+02 4.34E+01 2.26E+01 4.78E+01 6.15E+02  4.16E+03 6.23E-04 1.84E+04
2090 2.99E+02 1.42E+03 3.42E+02 4.36E+01 2.27E+01 4.80E+01 6.15E+02  4.17E+03 6.23E-04 1.85E+04
2095 3.04E+02 1.43E+03 3.47E+02 4.37E+01 2.28E+01 4.84E+01 6.16E+02  4.18E+03 6.23E-04 1.85E+04
2100 3.08E+02 1.44E+03 3.52E+02 4.38E+01 2.28E+01 4.86E+01 6.16E+02  4.19E+03 6.23E-04 1.86E+04
2200 3.66E+02 1.51E+03 4.15E+02 4.45E+01 2.38E+01 5.24E+01 6.20E+02  4.31E+03 6.23E-04 1.92E+04
2300 3.96E+02 1.52E+03 4.49E+02 4.46E+01 2.41E+01 5.41E+01 6.21E+02  4.36E+03 6.23E-04 1.95E+04
2400 4. 17E+02 1.53E+03 4.71E+02 4.46E+01 2.43E+01 5.49E+01 6.22E+02  4.39E+03 6.23E-04 1.96E+04
2500 4.31E+02 1.55E+03 4.89E+02 4 47E+01 2.43E+01 5.52E+01 6.23E+02  4.41E+03 6.23E-04 1.97E+04
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Table 4: Integrated collective doses to the European Union population by site/source assuming discharges continue to 2020

(man Sv)
Baltic Flux* Chernobyl*  Fallout* Isotope Phosphates Oil & Gas
Year Baie de la Cumbrian Irish Sea Kattegat Gulf of Cadiz North Sea Denmark N. Netherlands Norway N.
Seine Waters NW SE Sea central N. Sea SE  Sea central
2001 8.74E+00 5.00E+01 6.82E+02 1.48E+00 4.74E+02 2.74E+03 7.95E+01 2.90E+02 1.16E+01 3.92E+03 6.58E+01 2.91E+01 1.87E+02
2002 8.84E+00 5.04E+01 6.89E+02 1.58E+00 4.76E+02 2.77E+03 8.02E+01 2.91E+02 1.25E+01 3.98E+03 7.42E+01 3.10E+01  2.06E+02
2003 8.91E+00 5.08E+01 6.96E+02 1.67E+00 4.79E+02 2.80E+03 8.08E+01 2.91E+02 1.34E+01 4.04E+03 8.29E+01 3.30E+01  2.25E+02
2004 8.98E+00 5.12E+01 7.03E+02 1.77E+00 4.83E+02 2.83E+03 8.14E+01 2.91E+02 1.43E+01 4.09E+03 9.20E+01 3.50E+01  2.45E+02
2005 9.04E+00 5.16E+01 7.09E+02 1.88E+00 4.86E+02 2.86E+03 8.19E+01 2.91E+02 1.53E+01 4.16E+03 1.02E+02 3.70E+01  2.67E+02
2006 9.09E+00 5.19E+01 7.16E+02 1.98E+00 4.89E+02 2.89E+03 8.26E+01 2.91E+02 1.62E+01 4.21E+03 1.11E+02 3.91E+01  2.88E+02
2007 9.13E+00 5.23E+01 7.22E+02 2.08E+00 4.91E+02 2.92E+03 8.31E+01 2.91E+02 1.72E+01 4.26E+03 1.22E+02 4.12E+01  3.12E+02
2008 9.18E+00 5.26E+01 7.28E+02 2.19E+00 4.94E+02 2.95E+03 8.36E+01 2.91E+02 1.83E+01 4.32E+03 1.33E+02 4.34E+01  3.35E+02
2009 9.22E+00 5.29E+01 7.34E+02 2.29E+00 4.96E+02 2.98E+03 8.41E+01 2.91E+02 1.93E+01 4.37E+03 1.44E+02 4.55E+01  3.60E+02
2010 9.25E+00 5.31E+01 7.40E+02 2.39E+00 4.99E+02 3.01E+03 8.46E+01 2.91E+02 2.03E+01 4.42E+03 1.55E+02 4.78E+01  3.86E+02
2012 9.32E+00 5.37E+01 7.51E+02 2.61E+00 5.03E+02 3.06E+03 8.55E+01 2.91E+02 2.25E+01 4.53E+03 1.80E+02 5.22E+01  4.39E+02
2014 9.38E+00 5.42E+01 7.62E+02 2.81E+00 5.07E+02 3.10E+03 8.63E+01 2.91E+02 2.47E+01 4.63E+03 2.06E+02 5.68E+01  4.95E+02
2016 9.43E+00 5.46E+01 7.73E+02 3.03E+00 5.11E+02 3.14E+03 8.71E+01 2.91E+02 2.69E+01 4.73E+03 2.34E+02 6.15E+01  5.55E+02
2018 9.47E+00 5.50E+01 7.84E+02 3.25E+00 5.15E+02 3.18E+03 8.79E+01 2.91E+02 2.93E+01 4.83E+03 2.63E+02 6.63E+01  6.19E+02
2020 9.51E+00 5.54E+01 7.94E+02 3.46E+00 5.18E+02 3.21E+03 8.86E+01 2.91E+02 3.17E+01 4.93E+03 2.94E+02 7.10E+01  6.85E+02
2025 9.58E+00 5.62E+01 8.18E+02 3.60E+00 5.26E+02 3.29E+03 9.01E+01 2.91E+02 3.67E+01 5.04E+03 3.58E+02 7.90E+01  8.23E+02
2030 9.63E+00 5.68E+01 8.40E+02 3.69E+00 5.32E+02 3.36E+03 9.13E+01 2.91E+02 4.05E+01 5.11E+03 4.16E+02 8.55E+01  9.52E+02
2040 9.70E+00 5.78E+01 8.81E+02 3.81E+00 5.41E+02 3.45E+03 9.33E+01 2.91E+02 4.66E+01 5.22E+03 5.28E+02 9.71E+01 1.19E+03
2050 9.74E+00 5.85E+01 9.17E+02 3.91E+00 5.47E+02 3.53E+03 9.46E+01 2.91E+02 5.14E+01 5.31E+03 6.22E+02 1.06E+02  1.40E+03
2060 9.76E+00 5.90E+01 9.49E+02 3.98E+00 5.51E+02 3.58E+03 9.56E+01 2.91E+02 5.55E+01 5.37E+03 6.95E+02 1.13E+02  1.55E+03
2070 9.78E+00 5.94E+01 9.77E+02 4.04E+00 5.54E+02 3.62E+03 9.62E+01 2.91E+02 5.91E+01 5.41E+03 7.51E+02 1.18E+02  1.67E+03
2080 9.79E+00 5.97E+01 1.00E+03 4.09E+00 5.56E+02 3.64E+03 9.66E+01 2.91E+02 6.22E+01 5.43E+03 7.92E+02 1.22E+02  1.76E+03
2090 9.80E+00 5.99E+01 1.03E+03 4.13E+00 5.58E+02 3.66E+03 9.70E+01 2.91E+02 6.49E+01 5.45E+03 8.21E+02 1.24E+02  1.82E+03
2100 9.81E+00 6.00E+01 1.05E+03 4.16E+00 5.60E+02 3.67E+03 9.72E+01 2.91E+02 6.73E+01 5.47E+03 8.42E+02 1.26E+02  1.87E+03
2200 9.83E+00 6.04E+01 1.21E+03 4.37E+00 5.63E+02 3.70E+03 9.79E+01 2.91E+02 8.04E+01 5.51E+03 9.02E+02 1.32E+02  1.99E+03
2300 9.83E+00 6.04E+01 1.30E+03 4.46E+00 5.63E+02 3.71E+03 9.80E+01 2.92E+02 8.56E+01 5.52E+03 9.12E+02 1.33E+02  2.01E+03
2400 9.83E+00 6.04E+01 1.35E+03 4.52E+00 5.64E+02 3.71E+03 9.80E+01 2.92E+02 8.84E+01 5.53E+03 9.19E+02 1.34E+02  2.03E+03
2500 9.83E+00 6.04E+01 1.40E+03 4.55E+00 5.64E+02 3.71E+03 9.81E+01 2.92E+02 9.02E+01 5.53E+03 9.23E+02 1.35E+02  2.04E+03
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Table 4 (cont’d)

Oil & Gas (continued) Nuclear Power Other Nuclear La Hague Sellafield UK Military All sites
Year Norway N. UKN.Sea UKN.SeaN UKN. Sea Stations Isources

Sea N central SW
2001 9.90E+01 4.24E+02 1.24E+02 2.81E+01 2.02E+01 4.05E+01 6.03E+02 3.86E+03 5.56E-04 1.37E+04
2002 1.08E+02 4.55E+02 1.32E+02 3.01E+01 2.03E+01 4.06E+01 6.06E+02 3.87E+03 5.72E-04 1.39E+04
2003 1.18E+02 4.88E+02 1.41E+02 3.19E+01 2.04E+01 4.09E+01 6.10E+02 3.89E+03 5.87E-04 1.41E+04
2004 1.28E+02 5.23E+02 1.49E+02 3.39E+01 2.05E+01 4.10E+01 6.14E+02 3.90E+03 6.02E-04 1.43E+04
2005 1.38E+02 5.57E+02 1.58E+02 3.59E+01 2.06E+01 4. 11E+01 6.18E+02 3.90E+03 6.16E-04 1.45E+04
2006 1.48E+02 5.93E+02 1.67E+02 3.79E+01 2.07E+01 4.12E+01 6.21E+02 3.91E+03 6.29E-04 1.47E+04
2007 1.59E+02 6.31E+02 1.77E+02 3.99E+01 2.08E+01 4.13E+01 6.24E+02 3.92E+03 6.43E-04 1.49E+04
2008 1.69E+02 6.69E+02 1.86E+02 4.20E+01 2.09E+01 4.15E+01 6.28E+02 3.92E+03 6.57E-04 1.51E+04
2009 1.80E+02 7.08E+02 1.96E+02 4.40E+01 2.10E+01 4 17E+01 6.32E+02 3.93E+03 6.70E-04 1.53E+04
2010 1.92E+02 7.48E+02 2.06E+02 4.60E+01 2.11E+01 4.18E+01 6.36E+02 3.95E+03 6.83E-04 1.56E+04
2012 2.15E+02 8.31E+02 2.26E+02 5.03E+01 2.12E+01 4.20E+01 6.43E+02 3.96E+03 7.08E-04 1.60E+04
2014 2.40E+02 9.20E+02 2.47E+02 5.46E+01 2.14E+01 4.22E+01 6.50E+02 3.97E+03 7.33E-04 1.64E+04
2016 2.66E+02 1.01E+03 2.70E+02 5.92E+01 2.16E+01 4.24E+01 6.57E+02 3.98E+03 7.56E-04 1.68E+04
2018 2.93E+02 1.11E+03 2.92E+02 6.37E+01 2.18E+01 4.28E+01 6.65E+02 4.01E+03 7.80E-04 1.72E+04
2020 3.19E+02 1.20E+03 3.14E+02 6.82E+01 2.20E+01 4.30E+01 6.73E+02 4.02E+03 8.05E-04 1.76E+04
2025 3.68E+02 1.41E+03 3.57E+02 7.39E+01 2.22E+01 4.34E+01 6.77E+02 4.05E+03 8.31E-04 1.84E+04
2030 4.08E+02 1.61E+03 3.93E+02 7.78E+01 2.24E+01 4.39E+01 6.79E+02 4.07E+03 8.43E-04 1.91E+04
2040 4.86E+02 1.96E+03 4.61E+02 8.43E+01 2.26E+01 4.48E+01 6.83E+02 4.11E+03 8.51E-04 2.03E+04
2050 5.54E+02 2.25E+03 5.19E+02 8.90E+01 2.29E+01 4.57E+01 6.85E+02 4.14E+03 8.54E-04 2.12E+04
2060 6.10E+02 2.47E+03 5.70E+02 9.24E+01 2.31E+01 4.64E+01 6.87E+02 4.16E+03 8.54E-04 2.20E+04
2070 6.58E+02 2.65E+03 6.12E+02 9.48E+01 2.34E+01 4.71E+01 6.88E+02 4.19E+03 8.54E-04 2.26E+04
2080 6.99E+02 2.77E+03 6.46E+02 9.65E+01 2.36E+01 4.77E+01 6.89E+02 4.21E+03 8.54E-04 2.30E+04
2090 7.34E+02 2.86E+03 6.76E+02 9.77E+01 2.38E+01 4.83E+01 6.90E+02 4.23E+03 8.54E-04 2.33E+04
2100 7.63E+02 2.93E+03 7.01E+02 9.85E+01 2.39E+01 4.89E+01 6.91E+02 4.25E+03 8.54E-04 2.36E+04
2200 9.27E+02 3.11E+03 8.47E+02 1.01E+02 2.49E+01 5.27E+01 6.96E+02 4.37E+03 8.54E-04 2.47E+04
2300 1.01E+03 3.14E+03 9.20E+02 1.01E+02 2.52E+01 5.44E+01 6.98E+02 4.43E+03 8.54E-04 2.51E+04
2400 1.06E+03 3.16E+03 9.69E+02 1.01E+02 2.53E+01 5.52E+01 6.99E+02 4.45E+03 8.54E-04 2.53E+04
2500 1.10E+03 3.18E+03 1.01E+03 1.01E+02 2.54E+01 5.54E+01 7.00E+02 4.47E+03 8.54E-04 2.55E+04

Note:

* - source continues to 2000 only
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Table 5: Collective dose rates by affected country due to discharges up to 2000 only (man Sv y'l)

Year Austria Belgium Denmark Finland France Germany Greece Ireland Italy Netherlands Portugal Spain  Sweden U.K.
1952 2.84E-03 9.55E-02 1.02E-01 1.63E-03 1.30E+00 1.34E-01 7.38E-03 6.72E-01 2.48E-01 1.17E-01  3.40E-02 3.90E-01 3.33E-02 2.10E+00
1953 9.31E-03 2.26E-01 2.95E-01 4.74E-03 2.79E+00 4.11E-01 1.75E-02 1.39E+00 5.40E-01 3.05E-01 8.57E-02 8.45E-01 1.03E-01 4.40E+00
1954 2.28E-02 4.33E-01 6.80E-01 1.10E-02 4.58E+00 9.59E-01 3.35E-02 2.15E+00 9.13E-01 6.29E-01  1.89E-01 1.44E+00 2.59E-01 7.17E+00
1955 3.71E-02 5.58E-01 1.09E+00 1.78E-02 4.56E+00 1.52E+00 4.36E-02 1.92E+00 9.59E-01 8.72E-01  3.00E-01 1.58E+00 4.30E-01 7.28E+00
1956 4.90E-02 1.45E+00 1.49E+00  2.56E-02 2.19E+01 2.29E+00 1.20E-01 1.11E+01 4.16E+00 1.96E+00 5.56E-01 6.38E+00 5.86E-01 3.30E+01
1957 5.89E-02 1.31E+00 1.95E+00  3.05E-02 1.71E+01 2.80E+00 1.07E-01 8.40E+00 3.32E+00 1.89E+00 5.98E-01 5.24E+00 6.34E-01 2.62E+01
1958 7.58E-02 1.84E+00 2.54E+00  3.99E-02 2.47E+01 3.70E+00 1.49E-01 1.23E+01 4.77E+00 2.60E+00 7.94E-01 7.49E+00 8.07E-01 3.78E+01
1959 1.03E-01 1.98E+00 3.34E+00  5.25E-02 2.30E+01 4.79E+00 1.61E-01 1.09E+01 4.54E+00 2.99E+00 9.81E-01 7.27E+00 1.11E+00 3.55E+01
1960 8.46E-02 1.80E+00 2.85E+00  4.51E-02 2.42E+01 4.20E+00 1.55E-01 1.18E+01 4.71E+00 2.71E+00 9.48E-01 7.54E+00 8.89E-01 3.70E+01
1961 7.66E-02 1.43E+00 2.67E+00  4.19E-02 1.75E+01 3.83E+00 1.25E-01 8.28E+00 3.44E+00 2.24E+00 8.87E-01 5.73E+00 7.97E-01 2.68E+01
1962 1.17E-01 1.87E+00 3.80E+00  6.16E-02 1.75E+01 5.30E+00 1.56E-01 7.63E+00 3.59E+00 2.97E+00 1.19E+00 6.16E+00 1.31E+00 2.74E+01
1963 1.88E-01 2.85E+00 5.68E+00  9.53E-02 2.42E+01 7.91E+00 2.34E-01 1.02E+01 5.05E+00 4.51E+00 1.80E+00 8.71E+00 2.21E+00 3.80E+01
1964 1.87E-01 2.59E+00 5.80E+00  9.81E-02 2.11E+01 7.98E+00 2.28E-01 8.57E+00 4.49E+00 4.29E+00 1.97E+00 8.15E+00 2.20E+00 3.44E+01
1965 1.57E-01 2.11E+00 5.12E+00  8.75E-02 1.78E+01 6.98E+00 2.01E-01 7.33E+00 3.78E+00 3.59E+00 1.90E+00 7.27E+00 1.82E+00 3.00E+01
1966 1.27E-01 1.93E+00 4.31E+00 7.61E-02 1.91E+01 5.86E+00 1.91E-01 8.39E+00 3.89E+00 3.17E+00 1.82E+00 7.54E+00 1.44E+00 3.10E+01
1967 1.13E-01 1.75E+00 4.08E+00  7.05E-02 1.63E+01 5.48E+00 1.70E-01 6.88E+00 3.31E+00 2.88E+00 1.72E+00 6.69E+00 1.20E+00 2.68E+01
1968 1.11E-01 2.03E+00 4.09E+00  7.07E-02 2.05E+01 5.42E+00 1.86E-01 9.09E+00 4.03E+00 3.10E+00 1.74E+00 7.83E+00 1.15E+00 3.31E+01
1969 1.12E-01 2.06E+00 4.16E+00  7.16E-02 2.05E+01 5.44E+00 1.88E-01 9.26E+00 4.05E+00 3.11E+00 1.72E+00 7.90E+00 1.12E+00 3.46E+01
1970 1.40E-01 3.07E+00 5.49E+00  8.75E-02 2.67E+01 6.85E+00 2.29E-01 1.17E+01 5.11E+00 4.16E+00 1.91E+00 9.82E+00 1.26E+00 4.41E+01
1971 1.90E-01 4.36E+00 7.12E+00 1.11E-01 3.77E+01 9.00E+00 3.03E-01 1.63E+01 7.13E+00 5.79E+00 2.20E+00 1.31E+01 1.57E+00 6.16E+01
1972 2.09E-01 4.35E+00 7.77E+00 1.17E-01 3.54E+01 9.86E+00 3.05E-01 1.56E+01 6.86E+00 5.93E+00 2.21E+00 1.26E+01 1.70E+00 6.16E+01
1973 2.22E-01 4.52E+00 7.82E+00 1.19E-01 4.01E+01 1.03E+01 3.29E-01 1.79E+01 7.77E+00 6.31E+00 2.23E+00 1.38E+01 1.80E+00 6.89E+01
1974 2.77E-01 6.54E+00 1.15E+01 1.59E-01 4.42E+01 1.33E+01 3.91E-01 1.92E+01 8.48E+00 8.00E+00 2.68E+00 1.60E+01 2.08E+00 7.91E+01
1975 3.94E-01 8.74E+00 1.62E+01 2.18E-01 4.90E+01 1.86E+01 4.92E-01 2.03E+01 9.43E+00 1.07E+01 3.29E+00 1.85E+01 2.60E+00 9.31E+01
1976 4.87E-01 8.87E+00 1.80E+01 2.51E-01 4.85E+01 2.13E+01 5.55E-01 2.08E+01 9.77E+00 1.16E+01 3.55E+00 1.89E+01 3.31E+00 1.00E+02
1977 5.61E-01 9.38E+00 1.96E+01 2.79E-01 5.01E+01 2.35E+01 6.03E-01 2.11E+01 1.03E+01 1.27E+01 3.79E+00 1.98E+01 4.09E+00 1.05E+02
1978 6.25E-01 1.04E+01 2.13E+01 3.02E-01 5.55E+01 2.63E+01 6.47E-01 2.18E+01 1.14E+01 1.43E+01 4.00E+00 2.11E+01 4.72E+00 1.11E+02
1979 6.35E-01 9.71E+00 2.08E+01 2.98E-01 4.75E+01 2.64E+01 6.03E-01 1.69E+01 1.00E+01 1.40E+01 3.82E+00 1.85E+01 4.98E+00 9.55E+01
1980 6.14E-01 9.41E+00 2.02E+01 2.90E-01 4.36E+01 2.57E+01 5.67E-01 1.45E+01 9.30E+00 1.35E+01 3.67E+00 1.72E+01 5.01E+00 8.61E+01
1981 1.77E+00 3.38E+01 4.60E+01 7.42E-01 1.04E+02 6.29E+01 1.44E+00 3.08E+01 2.75E+01 4.62E+01 8.33E+00 4.35E+01 2.06E+01 1.64E+02
1982 2.15E+00 3.88E+01 5.52E+01 8.87E-01 1.19E+02 7.71E+01 1.73E+00 3.46E+01 3.19E+01 5.42E+01 9.70E+00 5.01E+01 2.47E+01 1.93E+02
1983 2.40E+00 4.15E+01 6.00E+01 9.72E-01 1.25E+02 8.53E+01 1.89E+00 3.64E+01 3.43E+01 5.89E+01 1.04E+01 5.31E+01 2.76E+01 2.07E+02
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Table 5 (cont’d)

Year Austria Belgium Denmark Finland France Germany Greece Ireland ltaly Netherlands  Portugal Spain  Sweden U.K.
1984 2.52E+00 4.26E+01 6.22E+01  1.02E+00 1.27E+02 8.92E+01 1.95E+00 3.56E+01 3.52E+01 6.12E+01 1.07E+01 5.39E+01 3.06E+01 2.06E+02
1985 2.44E+00 4.08E+01 5.99E+01 9.73E-01 1.18E+02 8.73E+01  1.86E+00 3.04E+01 3.30E+01 5.89E+01 1.02E+01 5.03E+01 2.82E+01 1.88E+02
1986 2.36E+00 3.87E+01 5.78E+01 9.94E-01 1.11E+02 8.46E+01  1.78E+00 2.76E+01 3.14E+01 5.62E+01 9.93E+00 4.78E+01 2.55E+01 1.77E+02
1987 2.31E+00 3.82E+01 5.60E+01 9.47E-01 1.07E+02 8.26E+01  1.71E+00 2.35E+01 3.00E+01 5.55E+01 9.49E+00 4.52E+01 2.75E+01 1.61E+02
1988 2.26E+00 3.78E+01 5.39E+01 8.94E-01 1.03E+02 8.03E+01  1.67E+00 2.41E+01 2.98E+01 5.49E+01 9.33E+00 4.46E+01 2.51E+01 1.57E+02
1989 2.18E+00 3.62E+01 5.15E+01 8.62E-01 9.69E+01 7.73E+01  1.60E+00 2.09E+01 2.81E+01 5.29E+01 8.89E+00 4.18E+01 2.51E+01 1.45E+02
1990 2.04E+00 3.37E+01 4.67E+01 7.67E-01 8.74E+01 7.23E+01  1.48E+00 1.78E+01 2.58E+01 4 97E+01 8.24E+00 3.80E+01 1.88E+01 1.30E+02
1991 1.93E+00 3.14E+01 4.34E+01 7.20E-01 7.86E+01 6.77E+01  1.38E+00 1.49E+01 2.37E+01 4.66E+01 7.68E+00 3.46E+01 1.77E+01 1.16E+02
1992 1.72E+00 2.70E+01 3.84E+01 6.24E-01 6.61E+01 6.04E+01  1.21E+00 1.22E+01 2.05E+01 4.07E+01 6.76E+00 2.89E+01 1.59E+01 1.00E+02
1993 1.37E+00 1.96E+01 3.11E+01 4.97E-01 4.82E+01 4.87E+01 9.44E-01 8.35E+00 1.52E+01 3.07E+01 5.32E+00 2.08E+01 1.39E+01 7.70E+01
1994 1.33E+00 2.05E+01 2.91E+01 4.35E-01 4.74E+01 4.80E+01 9.07E-01 6.86E+00 1.51E+01 3.19E+01 5.18E+00 2.01E+01 7.68E+00 7.13E+01
1995 1.39E+00 2.19E+01 3.00E+01 4.48E-01 4.91E+01 4.99E+01 9.36E-01 6.30E+00 1.57E+01 3.39E+01 5.32E+00 2.06E+01 7.99E+00 7.08E+01
1996 1.41E+00 2.22E+01 3.05E+01 4.54E-01 4.93E+01 5.07E+01 9.44E-01 5.95E+00 1.59E+01 3.44E+01 5.37E+00 2.06E+01 8.16E+00 7.02E+01
1997 1.40E+00 2.18E+01 3.03E+01 4.52E-01 4.83E+01 5.03E+01 9.33E-01 5.58E+00 1.56E+01 3.39E+01 5.30E+00 2.02E+01 8.18E+00 6.86E+01
1998 1.43E+00 2.23E+01 3.08E+01 4.59E-01 4.87E+01 5.13E+01 9.44E-01 5.29E+00 1.58E+01 3.46E+01 5.35E+00 2.03E+01 8.31E+00 6.84E+01
1999 1.44E+00 2.25E+01 3.12E+01 4.64E-01 4.87E+01 5.19E+01 9.52E-01 5.12E+00 1.59E+01 3.48E+01 5.37E+00 2.03E+01 8.41E+00 6.83E+01
2000 9.68E-01 1.23E+01 2.34E+01 3.53E-01 3.15E+01 3.67E+01 6.62E-01 4.64E+00 1.02E+01 2.03E+01 3.96E+00 1.42E+01 6.67E+00 5.26E+01
2001 6.68E-01 7.80E+00 1.68E+01 2.64E-01 2.17E+01 2.58E+01 4.79E-01 4.27E+00 7.11E+00 1.32E+01 2.97E+00 1.07E+01 4.68E+00 3.98E+01
2002 5.67E-01 6.68E+00 1.42E+01 2.27E-01 1.88E+01 2.20E+01 4.14E-01 3.89E+00 6.12E+00 1.13E+01 2.62E+00 9.44E+00 3.74E+00 3.44E+01
2003 5.25E-01 6.22E+00 1.31E+01 2.10E-01 1.76E+01 2.03E+01 3.86E-01 3.71E+00 5.69E+00 1.05E+01 2.45E+00 8.84E+00 3.35E+00 3.20E+01
2004 5.06E-01 6.01E+00 1.25E+01 2.02E-01 1.69E+01 1.96E+01 3.72E-01 3.57E+00 5.49E+00 1.01E+01 2.36E+00 8.47E+00 3.18E+00 3.08E+01
2005 4.96E-01 5.87E+00 1.22E+01 1.96E-01 1.65E+01 1.91E+01 3.64E-01 3.43E+00 5.37E+00  9.90E+00 2.29E+00 8.19E+00 3.09E+00 2.99E+01
2006 4.89E-01 5.78E+00 1.19E+01 1.91E-01 1.61E+01 1.88E+01 3.58E-01 3.31E+00 5.27E+00  9.74E+00 2.24E+00 7.96E+00 3.03E+00 2.92E+01
2007 4.84E-01 5.68E+00 1.17E+01 1.87E-01 1.58E+01 1.86E+01 3.52E-01 3.20E+00 5.18E+00 9.61E+00 2.19E+00 7.75E+00 2.99E+00 2.86E+01
2008 4.78E-01 5.60E+00 1.16E+01 1.83E-01 1.55E+01 1.83E+01 3.47E-01 3.10E+00 5.10E+00  9.47E+00 2.15E+00 7.56E+00 2.95E+00 2.80E+01
2009 4.70E-01 5.51E+00 1.13E+01 1.80E-01 1.52E+01 1.80E+01 3.41E-01 3.01E+00 5.01E+00  9.31E+00 2.11E+00 7.36E+00 2.90E+00 2.74E+01
2010 4.65E-01 5.41E+00 1.11E+01 1.76E-01 1.49E+01 1.78E+01 3.36E-01 2.91E+00 4.93E+00  9.18E+00 2.07E+00 7.19E+00 2.86E+00 2.68E+01
2011 4.58E-01 5.33E+00 1.09E+01 1.73E-01 1.46E+01 1.75E+01 3.30E-01 2.82E+00 4.84E+00  9.03E+00 2.03E+00 7.01E+00 2.81E+00 2.62E+01
2012 4.50E-01 5.22E+00 1.07E+01 1.69E-01 1.43E+01 1.72E+01 3.24E-01 2.73E+00 4.76E+00  8.87E+00 1.98E+00 6.83E+00 2.76E+00 2.56E+01
2013 4.43E-01 5.13E+00 1.05E+01 1.66E-01 1.40E+01 1.69E+01 3.19E-01 2.65E+00 4.66E+00  8.70E+00 1.94E+00 6.67E+00 2.72E+00 2.51E+01
2014 4.35E-01 5.03E+00 1.03E+01 1.62E-01 1.37E+01 1.66E+01 3.13E-01 2.58E+00 4.58E+00  8.54E+00 1.90E+00 6.51E+00 2.67E+00 2.45E+01
2015 4.26E-01 4.92E+00 1.01E+01 1.59E-01 1.34E+01 1.63E+01 3.07E-01 2.50E+00 4.48E+00  8.37E+00 1.86E+00 6.35E+00 2.62E+00 2.39E+01
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Table 5 (cont’d)

Year Austria Belgium Denmark Finland France Germany Greece Ireland ltaly Netherlands  Portugal Spain  Sweden U.K.
2016 4.18E-01 4.83E+00 9.89E+00 1.55E-01 1.31E+01 1.60E+01 3.01E-01 2.42E+00  4.39E+00 8.20E+00 1.83E+00 6.19E+00 2.57E+00 2.34E+01
2017 4.10E-01 4.73E+00 9.69E+00 1.52E-01 1.28E+01 1.56E+01 2.95E-01 2.35E+00  4.30E+00 8.05E+00 1.79E+00 6.03E+00 2.52E+00 2.28E+01
2018 4.01E-01 4.62E+00 9.47E+00 1.48E-01 1.25E+01 1.53E+01 2.88E-01 2.28E+00  4.20E+00 7.87E+00 1.75E+00 5.88E+00 2.46E+00 2.23E+01
2019 3.93E-01 4.52E+00 9.28E+00 1.45E-01 1.22E+01 1.50E+01 2.82E-01 2.22E+00  4.11E+00 7.69E+00 1.71E+00 5.75E+00 2.41E+00 2.18E+01
2020 3.85E-01 4.41E+00 9.06E+00 1.42E-01 1.20E+01 1.47E+01 2.76E-01 2.16E+00  4.01E+00 7.52E+00 1.67E+00 5.60E+00 2.36E+00 2.12E+01
2025 3.42E-01 3.91E+00 8.03E+00 1.26E-01 1.06E+01 1.30E+01 2.46E-01 1.87E+00  3.56E+00 6.68E+00 1.49E+00 4.93E+00 2.10E+00 1.87E+01
2030 3.02E-01 3.43E+00 7.07E+00 1.11E-01 9.35E+00 1.15E+01 2.18E-01 1.64E+00  3.13E+00 5.87E+00 1.33E+00 4.34E+00 1.86E+00 1.64E+01
2035 2.63E-01 2.99E+00 6.20E+00  9.80E-02 8.20E+00 1.01E+01 1.92E-01 1.44E+00  2.74E+00 5.14E+00 1.18E+00 3.81E+00 1.63E+00 1.44E+01
2040 2.29E-01 2.60E+00 5.40E+00  8.61E-02 7.20E+00 8.77E+00 1.69E-01 1.27E+00  2.39E+00 4.47E+00 1.05E+00 3.35E+00 1.42E+00 1.26E+01
2045 1.98E-01 2.25E+00 4.70E+00  7.54E-02 6.31E+00 7.61E+00 1.48E-01 1.12E+00  2.08E+00 3.87E+00 9.34E-01 2.95E+00 1.24E+00 1.10E+01
2050 1.72E-01 1.94E+00 4.09E+00 6.61E-02 5.54E+00 6.61E+00 1.30E-01 1.00E+00  1.81E+00 3.36E+00 8.32E-01 2.60E+00 1.09E+00 9.62E+00
2055 1.48E-01 1.67E+00 3.55E+00  5.80E-02 4.86E+00 5.73E+00 1.14E-01 9.00E-01 1.57E+00 2.91E+00 7.42E-01 2.30E+00 9.44E-01 8.43E+00
2060 1.28E-01 1.44E+00 3.09E+00  5.09E-02 4.28E+00 4.97E+00 1.00E-01 8.11E-01 1.37E+00 2.52E+00 6.64E-01 2.04E+00 8.23E-01 7.41E+00
2065 1.11E-01 1.25E+00 2.69E+00  4.49E-02 3.78E+00 4.32E+00 8.81E-02 7.33E-01 1.19E+00 2.18E+00 5.96E-01 1.82E+00 7.18E-01 6.53E+00
2070 9.58E-02 1.08E+00 2.35E+00  3.95E-02 3.34E+00 3.75E+00 7.77E-02 6.67E-01 1.04E+00 1.89E+00 5.37E-01 1.62E+00 6.29E-01 5.76E+00
2075 8.30E-02 9.32E-01 2.05E+00  3.50E-02 2.97E+00 3.27E+00 6.87E-02 6.09E-01 9.11E-01 1.64E+00 4.85E-01 1.46E+00 5.51E-01 5.11E+00
2080 7.21E-02 8.10E-01 1.81E+00  3.11E-02 2.65E+00 2.86E+00 6.11E-02 5.58E-01 8.01E-01 1.43E+00 4.42E-01 1.31E+00 4.86E-01 4.55E+00
2085 6.29E-02 7.04E-01 1.59E+00  2.78E-02 2.37E+00 2.51E+00 5.47E-02 5.14E-01 7.07E-01 1.25E+00 4.02E-01 1.19E+00 4.29E-01 4.07E+00
2090 5.50E-02 6.17E-01 1.41E+00  2.50E-02 2.14E+00 2.21E+00 4.90E-02 4.75E-01 6.27E-01 1.10E+00 3.69E-01 1.08E+00 3.81E-01 3.67E+00
2095 4.84E-02 5.40E-01 1.26E+00  2.25E-02 1.93E+00 1.96E+00 4.42E-02 4.42E-01 5.57E-01 9.73E-01 3.39E-01 9.87E-01 3.41E-01 3.31E+00
2100 4.28E-02 4.76E-01 1.13E+00  2.04E-02 1.76E+00 1.75E+00 4.00E-02 4.11E-01 4.99E-01 8.63E-01 3.14E-01 9.07E-01 3.05E-01 3.01E+00
2200 1.01E-02 1.08E-01 3.31E-01 6.75E-03 5.53E-01 4.71E-01 1.29E-02 1.53E-01 1.33E-01 2.16E-01 1.24E-01 3.30E-01 8.44E-02 9.52E-01
2300 5.86E-03 6.17E-02 1.95E-01 4.07E-03 3.06E-01 2.77E-01 7.77E-03 7.97E-02 7.41E-02 1.26E-01 7.62E-02 1.94E-01 4.75E-02 5.38E-01
2400 4.01E-03 4.12E-02 1.30E-01 2.77E-03 1.98E-01 1.85E-01 5.49E-03 4.85E-02 4.86E-02 8.49E-02 5.43E-02 1.33E-01 3.12E-02 3.55E-01
2500 2.97E-03 2.99E-02 9.36E-02  2.05E-03 1.42E-01 1.35E-01 4.25E-03 3.33E-02 3.51E-02 6.23E-02 4.28E-02 1.00E-01 2.26E-02 2.57E-01




0v-d 93ed

Table 6: Collective dose rates by affected country assuming discharges continue to 2020 (man Sv y'l)

Year Austria Belgium Denmark Finland France Germany Greece Ireland Italy Netherlands Portugal Spain  Sweden U.K.
2001 9.03E-01 1.15E+01 2.21E+01 3.36E-01 2.96E+01 3.43E+01 6.21E-01 4.45E+00 9.59E+00 1.89E+01 3.76E+00 1.34E+01 6.28E+00 4.97E+01
2002 8.89E-01 1.13E+01 2.17E+01 3.32E-01 2.90E+01 3.37E+01 6.11E-01 4.29E+00 9.41E+00 1.86E+01 3.70E+00 1.32E+01 6.21E+00 4.88E+01
2003 8.89E-01 1.13E+01 2.17E+01 3.32E-01 2.88E+01 3.38E+01 6.09E-01 4.17E+00 9.37E+00  1.86E+01 3.68E+00 1.31E+01 6.20E+00 4.83E+01
2004 8.94E-01 1.13E+01 2.18E+01 3.34E-01 2.88E+01 3.40E+01 6.11E-01 4.06E+00 9.39E+00 1.87E+01 3.68E+00 1.31E+01 6.24E+00 4.81E+01
2005 9.01E-01 1.14E+01 2.20E+01 3.36E-01 2.88E+01 3.43E+01 6.14E-01 3.95E+00 9.41E+00 1.88E+01 3.69E+00 1.30E+01 6.28E+00 4.80E+01
2006 9.09E-01 1.14E+01 2.21E+01 3.39E-01 2.88E+01 3.46E+01 6.17E-01 3.86E+00 9.45E+00 1.89E+01 3.70E+00 1.30E+01 6.34E+00 4.79E+01
2007 9.16E-01 1.15E+01 2.23E+01 3.41E-01 2.88E+01 3.48E+01 6.22E-01 3.77E+00 9.49E+00 1.90E+01 3.71E+00 1.30E+01 6.39E+00 4.79E+01
2008 9.25E-01 1.16E+01 2.25E+01 3.44E-01 2.89E+01 3.52E+01 6.25E-01 3.69E+00 9.54E+00 1.92E+01 3.72E+00 1.30E+01 6.45E+00 4.79E+01
2009 9.34E-01 1.16E+01 2.26E+01 3.47E-01 2.89E+01 3.55E+01 6.30E-01 3.61E+00 9.61E+00  1.93E+01 3.74E+00 1.30E+01 6.50E+00 4.79E+01
2010 9.43E-01 1.17E+01 2.28E+01 3.50E-01 2.90E+01 3.58E+01 6.34E-01 3.54E+00 9.66E+00  1.95E+01 3.75E+00 1.31E+01 6.56E+00 4.80E+01
2012 9.61E-01 1.18E+01 2.32E+01 3.55E-01 2.92E+01 3.65E+01 6.43E-01 3.40E+00 9.78E+00  1.98E+01 3.78E+00 1.31E+01 6.67E+00 4.82E+01
2014 9.79E-01 1.20E+01 2.36E+01 3.61E-01 2.94E+01 3.72E+01 6.53E-01 3.29E+00 9.89E+00 2.01E+01 3.82E+00 1.32E+01 6.79E+00 4.84E+01
2016 9.98E-01 1.22E+01 2.40E+01 3.67E-01 2.96E+01 3.79E+01 6.63E-01 3.18E+00 1.00E+01  2.04E+01 3.86E+00 1.32E+01 6.90E+00 4.86E+01
2018 1.02E+00 1.23E+01 2.44E+01 3.73E-01 2.98E+01 3.86E+01 6.73E-01 3.10E+00 1.02E+01  2.07E+01 3.90E+00 1.33E+01 7.01E+00 4.90E+01
2020 1.03E+00 1.25E+01 2.48E+01 3.79E-01 3.01E+01 3.93E+01 6.84E-01 3.02E+00 1.03E+01  2.10E+01 3.94E+00 1.34E+01 7.13E+00 4.93E+01
2025 6.73E-01 7.43E+00 1.60E+01 2.53E-01 1.85E+01 2.58E+01 4.59E-01 2.33E+00 6.57E+00  1.29E+01 2.64E+00 8.79E+00 4.21E+00 3.22E+01
2030 6.39E-01 7.04E+00 1.49E+01 2.34E-01 1.73E+01 2.44E+01 4.34E-01 2.09E+00 6.22E+00  1.22E+01 2.45E+00 8.00E+00 3.95E+00 3.01E+01
2040 5.37E-01 5.88E+00 1.24E+01 1.93E-01 1.45E+01 2.04E+01 3.66E-01 1.68E+00 5.21E+00  1.02E+01 2.04E+00 6.52E+00 3.30E+00 2.49E+01
2050 4.23E-01 4.63E+00 9.76E+00 1.54E-01 1.15E+01 1.61E+01 2.93E-01 1.36E+00 4.11E+00 8.08E+00 1.64E+00 5.17E+00 2.61E+00 1.98E+01
2060 3.23E-01 3.54E+00 7.49E+00 1.20E-01 8.95E+00 1.23E+01 2.29E-01 1.10E+00 3.16E+00 6.19E+00 1.30E+00 4.05E+00 2.00E+00 1.53E+01
2070 2.43E-01 2.66E+00 5.67E+00  9.23E-02 6.92E+00 9.29E+00 1.77E-01 9.11E-01 2.40E+00 4.67E+00 1.03E+00 3.16E+00 1.52E+00 1.19E+01
2080 1.81E-01 1.99E+00 4.28E+00  7.12E-02 5.35E+00 6.99E+00 1.37E-01 7.64E-01 1.81E+00 3.51E+00  8.21E-01 2.49E+00 1.15E+00 9.21E+00
2090 1.36E-01 1.49E+00 3.26E+00  5.55E-02 4.19E+00 5.28E+00 1.07E-01 6.50E-01 1.38E+00 2.65E+00 6.61E-01 1.99E+00 8.78E-01 7.21E+00
2100 1.03E-01 1.12E+00 2.51E+00  4.38E-02 3.32E+00 4.02E+00 8.47E-02 5.61E-01 1.06E+00 2.01E+00 5.41E-01 1.61E+00 6.77E-01 5.73E+00
2200 1.77E-02 1.84E-01 5.29E-01 1.12E-02 8.25E-01 7.79E-01 2.18E-02 2.11E-01 2.10E-01 3.67E-01 1.73E-01 4.76E-01 1.37E-01 1.49E+00
2300 9.82E-03 9.98E-02 3.01E-01 6.58E-03 4.57E-01 4.39E-01 1.29E-02 1.15E-01 1.15E-01 2.05E-01 1.05E-01 2.78E-01 7.38E-02 8.44E-01
2400 6.77E-03 6.79E-02 2.03E-01 4.50E-03 3.05E-01 2.99E-01 9.14E-03 7.41E-02 7.71E-02 1.40E-01 7.44E-02 1.92E-01 4.86E-02 5.72E-01
2500 5.06E-03 5.01E-02 1.48E-01 3.32E-03 2.24E-01 2.21E-01 7.07E-03 5.32E-02 5.69E-02 1.05E-01 5.83E-02 1.45E-01 3.52E-02 4.24E-01
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Table 7: Integrated collective doses by affected country due to discharges up to 2000 only (man Sv)

Year Austria Belgium Denmark Finland France Germany Greece Ireland Italy Netherlands Portugal Spain  Sweden U.K.
1952 4.34E-03 9.23E-02 1.30E-01 2.24E-03 9.74E-01 1.80E-01 7.26E-03 4.63E-01 1.93E-01 1.26E-01 4.43E-02 3.15E-01 5.50E-02 1.61E+00
1953 1.07E-02 2.66E-01 3.38E-01 5.60E-03 3.23E+00 4.67E-01 2.08E-02 1.60E+00 6.27E-01 3.54E-01 1.07E-01 9.90E-01 1.28E-01 5.19E+00
1954 2.76E-02 6.18E-01 8.48E-01 1.38E-02 7.16E+00 1.19E+00 4.79E-02 3.48E+00 1.40E+00 8.49E-01 2.49E-01 2.20E+00 3.19E-01 1.13E+01
1955 5.84E-02 1.12E+00 1.76E+00  2.86E-02 1.17E+01 2.45E+00 8.66E-02 5.45E+00 2.32E+00 1.61E+00 4.96E-01 3.70E+00 6.73E-01 1.85E+01
1956 1.02E-01 2.27E+00 3.04E+00  5.04E-02 2.76E+01 4.41E+00 1.80E-01 1.35E+01 5.39E+00 3.18E+00 9.51E-01 8.43E+00 1.19E+00 4.30E+01
1957 1.56E-01 3.60E+00 4.77E+00  7.86E-02 4.62E+01 6.93E+00 2.89E-01 2.27E+01 8.98E+00 5.06E+00 1.52E+00 1.40E+01 1.80E+00 7.11E+01
1958 2.24E-01 5.25E+00 7.04E+00 1.14E-01 6.83E+01 1.02E+01 4.23E-01 3.36E+01 1.32E+01  7.38E+00 2.23E+00 2.07E+01 2.53E+00 1.05E+02
1959 3.15E-01 7.15E+00 1.00E+01 1.61E-01 9.17E+01 1.45E+01 5.78E-01 4.50E+01 1.78E+01 1.02E+01 3.12E+00 2.79E+01 3.50E+00 1.41E+02
1960 4.07E-01 9.03E+00 1.31E+01 2.09E-01 1.15E+02 1.90E+01 7.35E-01 5.65E+01 2.26E+01 1.30E+01 4.08E+00 3.54E+01 4.49E+00 1.77E+02
1961 4.88E-01 1.06E+01 1.58E+01 2.52E-01 1.35E+02 2.30E+01 8.71E-01 6.59E+01 2.64E+01 1.54E+01 4.98E+00 4.18E+01 5.33E+00 2.08E+02
1962 5.87E-01 1.23E+01 1.92E+01 3.05E-01 1.52E+02 2.78E+01 1.01E+00 7.39E+01 2.99E+01 1.81E+01 6.04E+00 4.78E+01 6.42E+00 2.35E+02
1963 7.44E-01 1.47E+01 2.41E+01 3.86E-01 1.75E+02 3.45E+01 1.21E+00 8.31E+01 3.44E+01 2.19E+01 7.55E+00 5.54E+01 8.23E+00 2.69E+02
1964 9.31E-01 1.74E+01 2.98E+01 4.82E-01 1.97E+02 4.24E+01 1.44E+00 9.22E+01 3.90E+01  2.64E+01 9.42E+00 6.36E+01 1.04E+01 3.05E+02
1965 1.10E+00 1.97E+01 3.51E+01 5.74E-01 2.16E+02 4.97E+01 1.65E+00 1.00E+02 4.32E+01  3.02E+01 1.13E+01 7.12E+01 1.24E+01 3.36E+02
1966 1.24E+00 2.17E+01 3.98E+01 6.54E-01 2.34E+02 5.61E+01 1.85E+00 1.08E+02 4.70E+01  3.35E+01 1.32E+01 7.88E+01 1.40E+01 3.67E+02
1967 1.36E+00 2.35E+01 4.39E+01 7.27E-01 2.52E+02 6.17E+01  2.03E+00 1.15E+02 5.06E+01  3.64E+01 1.49E+01 8.58E+01 1.53E+01 3.96E+02
1968 1.47E+00 2.54E+01 4.80E+01 7.98E-01 2.71E+02 6.71E+01  2.21E+00 1.24E+02 5.44E+01 3.95E+01 1.67E+01 9.33E+01 1.65E+01 4.27E+02
1969 1.58E+00 2.75E+01 5.21E+01 8.69E-01 2.92E+02 7.25E+01  2.39E+00 1.33E+02 5.83E+01  4.26E+01 1.85E+01 1.01E+02 1.76E+01 4.61E+02
1970 1.71E+00 3.01E+01 5.69E+01 9.47E-01 3.16E+02 7.86E+01  2.60E+00 1.44E+02 6.31E+01  4.63E+01 2.02E+01 1.10E+02 1.88E+01 5.01E+02
1971 1.87E+00 3.39E+01 6.31E+01  1.05E+00 3.51E+02 8.65E+01  2.87E+00 1.58E+02 6.95E+01  5.14E+01 2.23E+01 1.22E+02 2.02E+01 5.57E+02
1972 2.07E+00 3.82E+01 7.06E+01  1.16E+00 3.86E+02 9.60E+01  3.18E+00 1.75E+02 7.65E+01  5.72E+01 2.45E+01 1.35E+02 2.18E+01 6.19E+02
1973 2.28E+00 4.28E+01 7.85E+01  1.28E+00 4.26E+02 1.06E+02  3.50E+00 1.92E+02 8.39E+01  6.35E+01 2.68E+01 1.48E+02 2.36E+01 6.85E+02
1974 2.53E+00 4.83E+01 8.79E+01  1.42E+00 4.67E+02 1.18E+02  3.85E+00 2.10E+02 9.19E+01  7.05E+01 2.92E+01 1.62E+02 2.55E+01 7.58E+02
1975 2.86E+00 5.59E+01 1.02E+02  1.60E+00 5.13E+02 1.34E+02  4.29E+00 2.29E+02 1.01E+02  7.98E+01 3.21E+01 1.80E+02 2.78E+01 8.43E+02
1976 3.31E+00 6.48E+01 1.19E+02  1.84E+00 5.61E+02 1.54E+02  4.82E+00 2.49E+02 1.10E+02  9.11E+01 3.56E+01 1.98E+02 3.08E+01 9.38E+02
1977 3.83E+00 7.38E+01 1.38E+02  2.11E+00 6.11E+02 1.76E+02  5.39E+00 2.71E+02 1.20E+02  1.03E+02 3.93E+01 2.18E+02 3.45E+01 1.04E+03
1978 4.43E+00 8.39E+01 1.58E+02  2.40E+00 6.65E+02 2.01E+02  6.02E+00 2.92E+02 1.32E+02 1.17E+02 4.31E+01 2.38E+02 3.89E+01 1.15E+03
1979 5.07E+00 9.38E+01 1.79E+02  2.70E+00 7.15E+02 2.28E+02  6.65E+00 3.12E+02 1.42E+02 1.31E+02 4.71E+01 2.58E+02 4.37E+01 1.25E+03
1980 5.69E+00 1.03E+02 2.00E+02  2.99E+00 7.60E+02 2.54E+02  7.23E+00 3.26E+02 1.52E+02  1.45E+02 5.08E+01 2.76E+02 4.88E+01 1.35E+03
1981 7.08E+00 1.30E+02 2.36E+02  3.59E+00 8.43E+02 3.04E+02  8.37E+00 3.51E+02 1.74E+02 1.81E+02 5.76E+01 3.11E+02 6.61E+01 1.48E+03
1982 9.08E+00 1.67E+02 2.88E+02  4.42E+00 9.56E+02 3.74E+02  9.97E+00 3.84E+02 2.03E+02 2.32E+02 6.67E+01 3.58E+02 8.98E+01 1.65E+03
1983 1.14E+01 2.08E+02 3.46E+02  5.35E+00 1.08E+03 4.56E+02  1.18E+01 4.20E+02 2.36E+02 2.90E+02 7.69E+01 4.10E+02 1.17E+02 1.85E+03
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Table 7 (cont’d)

Year Austria Belgium Denmark Finland France Germany Greece Ireland Italy Netherlands Portugal Spain  Sweden U.K.
1984 1.39E+01 2.50E+02 4.07E+02  6.36E+00 1.21E+03 5.44E+02  1.37E+01 4.55E+02 2.71E+02  3.50E+02 8.75E+01 4.64E+02 1.47E+02 2.06E+03
1985 1.63E+01 2.92E+02 4.68E+02  7.36E+00 1.33E+03 6.33E+02  1.56E+01 4.87E+02 3.05E+02  4.10E+02 9.80E+01 5.15E+02 1.75E+02 2.25E+03
1986 1.87E+01 3.31E+02 5.26E+02  8.34E+00 1.44E+03 7.17E+02  1.74E+01 5.16E+02 3.37E+02  4.66E+02 1.08E+02 5.63E+02 2.01E+02 2.44E+03
1987 2.11E+01 3.69E+02 5.83E+02  9.32E+00 1.55E+03 8.01E+02  1.92E+01 5.41E+02 3.67E+02  5.22E+02 1.18E+02 6.11E+02 2.29E+02 2.61E+03
1988 2.33E+01 4.07E+02 6.39E+02  1.02E+01 1.65E+03 8.82E+02  2.09E+01 5.66E+02 3.98E+02 5.78E+02 1.27E+02 6.55E+02 2.54E+02 2.76E+03
1989 2.55E+01 4.44E+02 6.91E+02  1.11E+01 1.75E+03 9.61E+02  2.25E+01 5.87E+02 427E+02 6.32E+02 1.36E+02 6.97E+02 2.80E+02 2.91E+03
1990 2.76E+01 4.78E+02 7.39E+02  1.19E+01 1.84E+03 1.04E+03  2.40E+01 6.06E+02 452E+02 6.82E+02 1.45E+02 7.37E+02 3.00E+02 3.05E+03
1991 2.96E+01 5.11E+02 7.85E+02  1.26E+01 1.92E+03 1.11E+03  2.55E+01 6.22E+02 4.78E+02  7.30E+02 1.52E+02 7.74E+02 3.18E+02 3.17E+03
1992 3.14E+01 5.39E+02 8.25E+02  1.33E+01 2.00E+03 1.17E+03  2.67E+01 6.36E+02 499E+02  7.73E+02 1.60E+02 8.05E+02 3.34E+02 3.28E+03
1993 3.29E+01 5.61E+02 8.59E+02  1.38E+01 2.05E+03 1.22E+03  2.78E+01 6.45E+02 5.16E+02  8.06E+02 1.65E+02 8.28E+02 3.48E+02 3.36E+03
1994 3.42E+01 5.81E+02 8.89E+02  1.43E+01 2.10E+03 1.27E+03  2.87E+01 6.53E+02 5.31E+02  8.38E+02 1.71E+02 8.48E+02 3.57E+02 3.44E+03
1995 3.56E+01 6.03E+02 9.18E+02  1.47E+01 2.15E+03 1.32E+03  2.96E+01 6.60E+02 547E+02 8.72E+02 1.76E+02 8.68E+02 3.65E+02 3.51E+03
1996 3.70E+01 6.25E+02 9.47E+02  1.52E+01 2.20E+03 1.37E+03  3.05E+01 6.66E+02 5.63E+02 9.06E+02 1.81E+02 8.89E+02 3.73E+02 3.58E+03
1997 3.84E+01 6.47E+02 9.79E+02  1.56E+01 2.24E+03 1.42E+03  3.15E+01 6.72E+02 5.78E+02  9.40E+02 1.87E+02 9.09E+02 3.81E+02 3.65E+03
1998 3.99E+01 6.69E+02 1.01E+03  1.61E+01 2.29E+03 1.47E+03  3.24E+01 6.77E+02 5.95E+02 9.75E+02 1.92E+02 9.29E+02 3.89E+02 3.72E+03
1999 4.12E+01 6.92E+02 1.04E+03  1.65E+01 2.34E+03 1.52E+03  3.33E+01 6.83E+02 6.10E+02  1.01E+03 1.97E+02 9.50E+02 3.98E+02 3.79E+03
2000 4.24E+01 7.06E+02 1.07E+03  1.69E+01 2.38E+03 1.56E+03  3.42E+01 6.87E+02 6.23E+02  1.03E+03 2.02E+02 9.67E+02 4.05E+02 3.85E+03
2001 4.32E+01 7.15E+02 1.09E+03  1.72E+01 2.40E+03 1.59E+03  3.47E+01 6.92E+02 6.29E+02  1.05E+03 2.05E+02 9.78E+02 4.11E+02 3.90E+03
2002 4.14E+01 7.00E+02 1.03E+03  1.58E+01 2.32E+03 1.52E+03  3.20E+01 6.78E+02 6.10E+02  1.01E+03 1.63E+02 8.95E+02 3.85E+02 3.74E+03
2003 4.19E+01 7.06E+02 1.04E+03  1.60E+01 2.34E+03 1.54E+03  3.23E+01 6.83E+02 6.16E+02  1.03E+03 1.66E+02 9.05E+02 3.88E+02 3.78E+03
2004 4.24E+01 7.12E+02 1.05E+03  1.62E+01 2.35E+03 1.56E+03  3.27E+01 6.86E+02 6.21E+02  1.04E+03 1.68E+02 9.13E+02 3.91E+02 3.81E+03
2005 4.29E+01 7.18E+02 1.06E+03  1.64E+01 2.37E+03 1.58E+03  3.31E+01 6.90E+02 6.27E+02  1.05E+03 1.70E+02 9.22E+02 3.94E+02 3.84E+03
2006 4.34E+01 7.24E+02 1.08E+03  1.66E+01 2.39E+03 1.60E+03  3.35E+01 6.92E+02 6.33E+02  1.06E+03 1.73E+02 9.30E+02 3.98E+02 3.86E+03
2007 4.39E+01 7.30E+02 1.09E+03  1.68E+01 2.40E+03 1.62E+03  3.39E+01 6.96E+02 6.37E+02  1.07E+03 1.75E+02 9.37E+02 4.01E+02 3.89E+03
2008 4.44E+01 7.35E+02 1.10E+03  1.69E+01 2.42E+03 1.64E+03  3.42E+01 7.00E+02 6.43E+02  1.08E+03 1.77E+02 9.46E+02 4.03E+02 3.93E+03
2009 4.48E+01 7.41E+02 1.11E+03  1.71E+01 2.43E+03 1.65E+03  3.45E+01 7.02E+02 6.47E+02  1.08E+03 1.79E+02 9.52E+02 4.06E+02 3.95E+03
2010 4.54E+01 7.47E+02 1.12E+03  1.73E+01 2.45E+03 1.67E+03  3.49E+01 7.06E+02 6.53E+02  1.09E+03 1.81E+02 9.59E+02 4.09E+02 3.98E+03
2011 4.58E+01 7.52E+02 1.13E+03  1.75E+01 2.46E+03 1.69E+03  3.52E+01 7.08E+02 6.57E+02  1.10E+03 1.83E+02 9.67E+02 4.12E+02 4.00E+03
2012 4.63E+01 7.57E+02 1.14E+03  1.77E+01 2.48E+03 1.71E+03  3.55E+01 7.11E+02 6.62E+02  1.11E+03 1.85E+02 9.75E+02 4.15E+02 4.03E+03
2013 4.67E+01 7.62E+02 1.15E+03  1.78E+01 2.49E+03 1.72E+03  3.59E+01 7.14E+02 6.66E+02  1.12E+03 1.87E+02 9.81E+02 4.18E+02 4.06E+03
2014 4.71E+01 7.68E+02 1.17E+03  1.80E+01 2.51E+03 1.74E+03  3.62E+01 7.16E+02 6.71E+02  1.13E+03 1.89E+02 9.87E+02 4.20E+02 4.09E+03
2015 4.76E+01 7.72E+02 1.18E+03  1.81E+01 2.52E+03 1.76E+03  3.65E+01 7.19E+02 6.76E+02  1.14E+03 1.91E+02 9.94E+02 4.23E+02 4.10E+03




€~ 93ed

Table 7 (cont’d)

Year Austria Belgium Denmark Finland France Germany Greece Ireland Italy Netherlands Portugal Spain Sweden U.K.
2016 4.80E+01 7.77E+02 1.19E+03  1.83E+01 2.53E+03 1.77E+03  3.68E+01 7.20E+02 6.81E+02 1.15E+03 1.93E+02 9.99E+02 4.26E+02 4.13E+03
2017 4.84E+01 7.82E+02 1.19E+03  1.84E+01 2.55E+03 1.79E+03  3.71E+01 7.24E+02 6.85E+02 1.15E+03 1.95E+02 1.01E+03 4.28E+02 4.15E+03
2018 4.88E+01 7.87E+02 1.20E+03  1.86E+01 2.56E+03 1.81E+03  3.74E+01 7.26E+02 6.88E+02 1.16E+03 1.97E+02 1.01E+03 4.30E+02 4.19E+03
2019 4.92E+01 7.92E+02 1.21E+03  1.87E+01 2.57E+03 1.82E+03 3.76E+01 7.28E+02 6.93E+02 1.17E+03 1.98E+02 1.02E+03 4.33E+02 4.20E+03
2020 4.96E+01 7.96E+02 1.22E+03  1.89E+01 2.58E+03 1.83E+03  3.80E+01 7.31E+02 6.97E+02 1.18E+03 2.00E+02 1.02E+03 4.35E+02 4.23E+03
2025 5.14E+01 8.16E+02 1.27E+03  1.96E+01 2.64E+03 1.90E+03  3.93E+01 7.40E+02 7.16E+02 1.21E+03 2.08E+02 1.05E+03 4.47E+02 4.33E+03
2030 5.30E+01 8.35E+02 1.30E+03  2.02E+01 2.69E+03 1.96E+03  4.04E+01 7.48E+02 7.33E+02 1.24E+03 2.15E+02 1.07E+03 4.56E+02 4.41E+03
2035 5.44E+01 8.51E+02 1.34E+03  2.07E+01 2.73E+03 2.02E+03  4.14E+01 7.58E+02 7.47E+02 1.27E+03 2.21E+02 1.09E+03 4.65E+02 4.49E+03
2040 5.56E+01 8.65E+02 1.37E+03  2.11E+01 2.77E+03 2.07E+03  4.24E+01 7.64E+02 7.60E+02 1.30E+03 2.27E+02 1.11E+03 4.73E+02 4.55E+03
2045 5.67E+01 8.77E+02 1.39E+03  2.15E+01 2.80E+03 2.11E+03  4.32E+01 7.70E+02 7.72E+02 1.32E+03 2.32E+02 1.13E+03 4.79E+02 4.61E+03
2050 5.77E+01 8.87E+02 1.41E+03  2.19E+01 2.83E+03 2.14E+03  4.39E+01 7.75E+02 7.80E+02 1.33E+03 2.36E+02 1.14E+03 4.85E+02 4.67E+03
2055 5.85E+01 8.97E+02 1.43E+03  2.22E+01 2.86E+03 2.17E+03  4.44E+01 7.79E+02 7.89E+02 1.35E+03 2.40E+02 1.15E+03 4.91E+02 4.71E+03
2060 5.91E+01 9.04E+02 1.45E+03  2.25E+01 2.88E+03 2.20E+03  4.50E+01 7.85E+02 7.97E+02 1.36E+03 2.43E+02 1.16E+03 4.94E+02 4.75E+03
2065 5.98E+01 9.11E+02 1.46E+03  2.27E+01 2.90E+03 2.22E+03  4.55E+01 7.88E+02 8.03E+02 1.38E+03 2.47E+02 1.17E+03 4.99E+02 4.78E+03
2070 6.02E+01 9.17E+02 1.47E+03  2.29E+01 2.92E+03 2.24E+03  4.58E+01 7.91E+02 8.09E+02 1.39E+03 2.50E+02 1.18E+03 5.02E+02 4.82E+03
2075 6.07E+01 9.22E+02 1.49E+03 2.31E+01 2.94E+03 2.26E+03  4.62E+01 7.94E+02 8.13E+02 1.40E+03 2.52E+02 1.19E+03 5.05E+02 4.84E+03
2080 6.10E+01 9.26E+02 1.50E+03  2.33E+01 2.95E+03 2.28E+03 4.66E+01 7.97E+02 8.18E+02 1.40E+03 2.54E+02 1.20E+03 5.07E+02 4.86E+03
2085 6.14E+01 9.30E+02 1.50E+03  2.34E+01 2.96E+03 2.29E+03 4.68E+01 8.00E+02 8.22E+02 1.41E+03 2.57E+02 1.20E+03 5.10E+02 4.89E+03
2090 6.17E+01 9.33E+02 1.51E+03  2.36E+01 2.97E+03 2.30E+03 4.71E+01 8.03E+02 8.26E+02 1.41E+03 2.58E+02 1.21E+03 5.11E+02 4.90E+03
2095 6.20E+01 9.37E+02 1.52E+03  2.37E+01 2.98E+03 2.31E+03  4.74E+01 8.05E+02 8.28E+02 1.42E+03 2.60E+02 1.21E+03 5.14E+02 4.91E+03
2100 6.22E+01 9.39E+02 1.52E+03  2.38E+01 2.99E+03 2.32E+03 4.76E+01 8.07E+02 8.31E+02 1.42E+03 2.62E+02 1.22E+03 5.16E+02 4.95E+03
2200 6.41E+01 9.60E+02 1.58E+03  2.49E+01 3.09E+03 2.41E+03 4.97E+01 8.32E+02 8.56E+02 1.47E+03 2.81E+02 1.27E+03 5.31E+02 5.11E+03
2300 6.49E+01 9.68E+02 1.61E+03  2.54E+01 3.13E+03 2.44E+03 5.07E+01 8.43E+02 8.65E+02 1.48E+03 291E+02 1.30E+03 5.37E+02 5.18E+03
2400 6.54E+01 9.73E+02 1.62E+03  2.57E+01 3.15E+03 2.46E+03 5.13E+01 8.49E+02 8.72E+02 1.49E+03 2.97E+02 1.31E+03 5.40E+02 5.22E+03
2500 6.57E+01 9.77E+02 1.63E+03  2.60E+01 3.17E+03 2.48E+03 5.18E+01 8.53E+02 8.75E+02 1.50E+03 3.02E+02 1.32E+03 5.43E+02 5.25E+03




v~ 98ed

Table 8: Integrated collective doses by affected country assuming discharges continue to 2020 (man Sv)

Year Austria Belgium Denmark Finland France Germany Greece Ireland Italy Netherlands Portugal Spain Sweden U.K.
2001 4.33E+01 7.18E+02 1.09E+03  1.73E+01 2.41E+03 1.60E+03  3.48E+01 6.92E+02 6.31E+02  1.05E+03 2.05E+02 9.79E+02 4.12E+02 3.90E+03
2002 4.18E+01 7.07E+02 1.04E+03  1.59E+01 2.33E+03 1.54E+03  3.23E+01 6.79E+02 6.14E+02  1.03E+03 1.65E+02 9.00E+02 3.88E+02 3.76E+03
2003 4.27E+01 7.18E+02 1.06E+03  1.62E+01 2.36E+03 1.57E+03  3.29E+01 6.83E+02 6.24E+02  1.04E+03 1.68E+02 9.14E+02 3.94E+02 3.81E+03
2004 4.36E+01 7.29E+02 1.08E+03  1.65E+01 2.39E+03 1.60E+03  3.34E+01 6.87E+02 6.32E+02  1.06E+03 1.72E+02 9.26E+02 4.00E+02 3.86E+03
2005 4.45E+01 7.40E+02 1.10E+03  1.69E+01 2.42E+03 1.64E+03  3.41E+01 6.91E+02 6.43E+02  1.08E+03 1.76E+02 9.40E+02 4.06E+02 3.90E+03
2006 4.54E+01 7.52E+02 1.12E+03  1.72E+01 2.45E+03 1.67E+03  3.47E+01 6.95E+02 6.52E+02  1.10E+03 1.79E+02 9.52E+02 4.13E+02 3.96E+03
2007 4.63E+01 7.64E+02 1.14E+03  1.76E+01 2.48E+03 1.71E+03  3.54E+01 6.99E+02 6.61E+02  1.12E+03 1.83E+02 9.65E+02 4.19E+02 4.00E+03
2008 4.72E+01 7.76E+02 1.17E+03  1.79E+01 2.50E+03 1.74E+03  3.59E+01 7.03E+02 6.71E+02  1.14E+03 1.87E+02 9.80E+02 4.25E+02 4.04E+03
2009 4.81E+01 7.86E+02 1.19E+03  1.83E+01 2.53E+03 1.78E+03  3.66E+01 7.07E+02 6.80E+02  1.16E+03 1.91E+02 9.92E+02 4.32E+02 4.10E+03
2010 4.91E+01 7.98E+02 1.21E+03  1.86E+01 2.56E+03 1.81E+03  3.72E+01 7.11E+02 6.89E+02  1.18E+03 1.94E+02 1.00E+03 4.38E+02 4.15E+03
2012 5.09E+01 8.22E+02 1.26E+03  1.93E+01 2.62E+03 1.88E+03  3.85E+01 7.17E+02 7.09E+02  1.22E+03 2.02E+02 1.03E+03 4.51E+02 4.24E+03
2014 5.29E+01 8.46E+02 1.31E+03  2.00E+01 2.68E+03 1.96E+03  3.97E+01 7.24E+02 7.30E+02  1.26E+03 2.09E+02 1.06E+03 4.65E+02 4.34E+03
2016 5.49E+01 8.70E+02 1.35E+03  2.08E+01 2.74E+03 2.03E+03  4.11E+01 7.30E+02 7.49E+02  1.30E+03 2.17E+02 1.08E+03 4.79E+02 4.44E+03
2018 5.69E+01 8.95E+02 1.40E+03  2.15E+01 2.80E+03 2.11E+03  4.25E+01 7.36E+02 7.69E+02  1.34E+03 2.25E+02 1.11E+03 4.92E+02 4.54E+03
2020 5.89E+01 9.20E+02 1.45E+03  2.22E+01 2.86E+03 2.19E+03  4.38E+01 7.43E+02 7.89E+02  1.38E+03 2.33E+02 1.14E+03 5.07E+02 4.64E+03
2025 6.27E+01 9.60E+02 1.54E+03  2.37E+01 2.96E+03 2.33E+03  4.63E+01 7.55E+02 8.26E+02  1.45E+03 2.47E+02 1.19E+03 5.31E+02 4.82E+03
2030 6.60E+01 9.97E+02 1.62E+03  2.49E+01 3.05E+03 2.46E+03  4.86E+01 7.66E+02 8.59E+02  1.52E+03 2.60E+02 1.23E+03 5.51E+02 4.97E+03
2040 7.18E+01 1.06E+03 1.75E+03  2.70E+01 3.21E+03 2.68E+03  5.25E+01 7.85E+02 9.15E+02  1.63E+03 2.82E+02 1.30E+03 5.88E+02 5.25E+03
2050 7.67E+01 1.11E+03 1.86E+03  2.87E+01 3.34E+03 2.86E+03  5.59E+01 8.01E+02 9.62E+02  1.72E+03 3.01E+02 1.36E+03 6.18E+02 5.47E+03
2060 8.04E+01 1.15E+03 1.95E+03  3.01E+01 3.44E+03 3.01E+03  5.85E+01 8.14E+02 9.98E+02  1.79E+03 3.16E+02 1.40E+03 6.41E+02 5.65E+03
2070 8.32E+01 1.19E+03 2.02E+03  3.12E+01 3.52E+03 3.11E+03  6.05E+01 8.23E+02 1.03E+03  1.84E+03 3.27E+02 1.44E+03 6.58E+02 5.78E+03
2080 8.53E+01 1.21E+03 2.06E+03  3.20E+01 3.58E+03 3.19E+03  6.20E+01 8.31E+02 1.05E+03  1.88E+03 3.36E+02 1.47E+03 6.71E+02 5.89E+03
2090 8.69E+01 1.23E+03 2.10E+03  3.26E+01 3.63E+03 3.25E+03  6.33E+01 8.39E+02 1.06E+03  1.91E+03 3.44E+02 1.49E+03 6.82E+02 5.96E+03
2100 8.80E+01 1.24E+03 2.13E+03  3.31E+01 3.67E+03 3.30E+03  6.43E+01 8.44E+02 1.07E+03  1.94E+03 3.50E+02 1.51E+03 6.89E+02 6.03E+03
2200 9.23E+01 1.28E+03 2.24E+03  3.52E+01 3.82E+03 3.47E+03  6.82E+01 8.78E+02 1.12E+03  2.02E+03 3.79E+02 1.59E+03 7.19E+02 6.31E+03
2300 9.35E+01 1.30E+03 2.28E+03  3.61E+01 3.88E+03 3.53E+03  7.00E+01 8.94E+02 1.14E+03  2.05E+03 3.92E+02 1.63E+03 7.29E+02 6.42E+03
2400 9.44E+01 1.31E+03 2.30E+03  3.66E+01 3.92E+03 3.56E+03  7.10E+01 9.03E+02 1.14E+03  2.06E+03 4.01E+02 1.65E+03 7.34E+02 6.49E+03
2500 9.48E+01 1.31E+03 2.32E+03  3.70E+01 3.95E+03 3.59E+03  7.18E+01 9.09E+02 1.15E+03  2.08E+03 4.07E+02 1.67E+03 7.39E+02 6.54E+03




St~ 95ed

Table 9: Collective dose rates by discharging country/source due to discharges up to 2000 only (man Sv y'l)

European Union countries Other European countries Other sources

Year Belgium  Denmark France Germany Ireland Netherlands Spain Sweden U.K. Norway  Switzerland Baltic Flux Chernobyl Fallout

1952 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00  4.70E+00 0.00E+00 0.00E+00 6.20E-04 0.00E+00 5.41E-01
1953 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00 9.67E+00 0.00E+00 0.00E+00 1.56E-03 0.00E+00 1.74E+00
1954 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.48E+01 0.00E+00 0.00E+00 3.55E-03 0.00E+00 4.67E+00
1955 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00 1.30E+01 0.00E+00 0.00E+00 1.27E-02 0.00E+00 8.11E+00
1956 0.00E+00 0.00E+00  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00 7.54E+01 0.00E+00 0.00E+00 2.32E-02 0.00E+00 9.64E+00
1957 0.00E+00 8.36E-07  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00 5.88E+01 0.00E+00 0.00E+00 3.57E-02 0.00E+00 1.08E+01
1958 0.00E+00 1.02E-06  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00 8.63E+01 0.00E+00 0.00E+00 4.59E-02 0.00E+00 1.33E+01
1959 0.00E+00 1.10E-06  0.00E+00 0.00E+00  0.00E+00 0.00E+00 0.00E+00  0.00E+00 7.72E+01 0.00E+00 0.00E+00 6.09E-02 0.00E+00 1.93E+01
1960 0.00E+00 1.15E-06  0.00E+00 8.62E-06  0.00E+00  0.00E+00 0.00E+00  0.00E+00 8.43E+01 0.00E+00 0.00E+00 8.29E-02 0.00E+00 1.45E+01
1961 0.00E+00 1.18E-06  0.00E+00 1.90E-05 0.00E+00  0.00E+00 0.00E+00  0.00E+00 6.00E+01 0.00E+00 0.00E+00 7.69E-02 0.00E+00 1.37E+01
1962 0.00E+00 1.20E-06  0.00E+00 2.23E-05 0.00E+00  0.00E+00 0.00E+00  0.00E+00 5.39E+01 0.00E+00 0.00E+00 7.89E-02 0.00E+00 2.50E+01
1963 0.00E+00 1.22E-06  0.00E+00 2.38E-05 0.00E+00  0.00E+00 0.00E+00  0.00E+00 6.80E+01 0.00E+00 0.00E+00 1.11E-01 0.00E+00 4.35E+01
1964 0.00E+00 1.24E-06  0.00E+00 2.45E-05 0.00E+00  0.00E+00 0.00E+00  0.00E+00 5.83E+01 0.00E+00 0.00E+00  1.83E-01 0.00E+00 4.35E+01
1965 0.00E+00 1.25E-06 9.48E-04 2.49E-05 0.00E+00  0.00E+00 0.00E+00  0.00E+00 5.19E+01 0.00E+00 0.00E+00 2.10E-01 0.00E+00 3.60E+01
1966 0.00E+00 1.26E-06 5.96E-01 2.52E-05 0.00E+00  0.00E+00 0.00E+00  0.00E+00 5.96E+01 0.00E+00 0.00E+00 2.07E-01 0.00E+00 2.85E+01
1967 0.00E+00 1.27E-06  2.01E+00 2.54E-05 0.00E+00  0.00E+00 0.00E+00  0.00E+00 5.17E+01 0.00E+00 0.00E+00 2.00E-01 0.00E+00 2.35E+01
1968 0.00E+00 1.28E-06  2.88E+00 3.29E-04  0.00E+00 0.00E+00 7.17E-05  0.00E+00 6.82E+01 0.00E+00 0.00E+00 1.88E-01 0.00E+00 2.12E+01
1969 0.00E+00 1.29E-06  2.71E+00 3.62E-04  0.00E+00 2.83E-04 7.22E-05  0.00E+00 7.19E+01 0.00E+00 3.25E-04 1.77E-01 0.00E+00 1.95E+01
1970 0.00E+00 1.30E-06  8.83E+00 3.69E-04  0.00