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Update notice

The original report, dated December 2013, was found to contain both factual and editorial errors 
which have been corrected in this updated version. The corrected factual errors are presented below.
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Page 54, first paragraph, last 
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“The water flows derived from the MIKE 
SHE simulation with a wetter and warmer 
climate are used to parameterise the water 
flows in the global warming climate case in 
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parameterise the water flows in the 
extended global warming climate 
case in the radionuclide model.“

Page 134, Table 12-1 and Table 
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Abstract

This report is produced within the biosphere part of the safety assessment SR-PSU and describes 
all biosphere parameters used in the radionuclide model for the biosphere. The report consists of 
several chapters where different parameter types are decribed (Chapter 3 – Radionuclide specific 
parameters, Chapter 4 – Landscape geometries, Chapter 5 – Regolith characteristics, Chapter 6 – 
Hydrological parameters, Chapter 7 – Element specific parameters, Chapter 8 – Aquatic ecosystem 
parameters, Chapter 9 – Terrestrial ecosystem parameters, Chapter 10 – Human characteristics, 
Chapter 11 – Non-human biota parameters, Chapter 12 – Parameters used in alternative calculation 
cases). Chapter 1 givs a general introduction to the SR-PSU safety assessment and Chapter 2 pre-
sents the conditions for parameterisation and the general assumption made in the parameterisation 
process. 
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Sammanfattning

Den här rapporten är en underlagsrapport till biosfärsdelen av säkerhetsanalysen SR-PSU och 
samman ställer alla parametrar som använts i radionuklidmodelleringen för biosfären. Rapporten 
består av kapitel där olika parametergrupper presenteras och beskrivs i detalj (kapitel 3 – radio nuklid-
specifika parametrar, kapitel 4 – landskapsparametrar, kapitel 5 – regolitparametrar, kapitel 6 – hydro-
logiska parametrar, kapitel 7 – ämnesspecifika parametrar, kapitel 8 – akvatiska ekosystem parametrar, 
kapitel 9 – terestra ekosystemparametrar, kapitel 10 – parametrar som beskriver människan, kapitel 
11 – parametrar som beskriver biota (annan än människan), kapitel 12 – parametrar som används i 
alternativa beräkningsfall i SR-PSU). Kapitel 1 ger en introduktion till säkerhets analysen SR-PSU 
och beskriver den här rapportens roll i arbetet. I kapitel 2 finns en beskrivning av de förutsättningar 
och antaganden som ligger till grund för parameteriseringsarbetet.  
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1 Introduction

The final repository for short-lived low- and intermediate-level radioactive waste, SFR 1, is located 
in Forsmark in the Östhammar municipality (Figure 1-1), in the immediate vicinity of the Forsmark 
nuclear power plant (Figure 1-2). The SFR 1 repository consists of a set of disposal chambers situ-
ated in rock at ca 60 m depth beneath the sea floor, and is built to receive and after closure serve as 
a passive repository for low- and intermediate-level short-lived radioactive waste. The radioactive 
waste stored in SFR includes operational waste from Swedish nuclear power plants and from the 
interim storage facility for spent nuclear fuel, Clab, as well as radioactive waste from other indus-
tries, research institutions and medical care. 

In order to be able to store also decommissioning waste from the Swedish nuclear power plants in 
SFR, an extension of the repository, referred to as SFR 3 is planned. An SFR repository extension 
called SFR 2 was included in earlier plans for disposal of reactor core components and internal parts. 
However, according to present plans a separate repository (SFL) will be built for disposal of these 
types of waste (SKB 2013a).

As a part of the license application for the extension of SFR, the Swedish Nuclear Fuel and Waste 
Management Company (SKB) has performed the SR-PSU project. The objective of SR-PSU is to 
assess the long-term radiological safety of the entire future SFR repository (the existing SFR 1 and 
the planned SFR 3). SR-PSU is reported in a series of SKB reports, which includes a main report, 
here referred to as SR-PSU Main report, and a set of primary references. These include, among 
others, the reports denoted as Biosphere synthesis report, Climate report, Radionuclide transport 
report, FEP report and FHA report throughout the SR-PSU reporting (see Section 1.1). In addition 
to these primary references, the safety assessment is based on a large number of background reports 
and other references (see Section 1.1). 

Figure 1-1. Location of the Forsmark site in Sweden (right) and in context with the countries of Europe 
(left). The site is situated in the Östhammar municipality, which belongs to the County of Uppsala.
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The biosphere is a key part of the system considered in a safety assessment of a nuclear waste 
repository. This is where the consequences of potential future radionuclide releases from the reposi-
tory arise, and hence near-surface radionuclide transport and dose calculations are performed within 
the framework of the biosphere assessment. This report belongs to the sub-project of SR-PSU 
called SR-PSU Biosphere. SR-PSU Biosphere mainly describes the information needed to calculate 
impacts on humans and the environment in the event of a radionuclide release from SFR. The calcu-
lated impacts are then used to show compliance with regulations related to the future repository per-
formance for time spans of up to 100,000 years after closure. Because of the uncertainties associated 
with the prediction of future development of the site over this time frame, a number of calculation 
cases are analysed to describe a range of possible site developments. 

The SR-PSU Biosphere project is divided into a number of tasks.

1. Identification of features and processes of importance for modelling radionuclide dynamics in 
present and future ecosystems in Forsmark.

2. Description of the site and prediction of its future development with respect to the identified 
features and processes.

3. Identification and description of areas in the landscape that may be affected by releases of radio-
nuclides from the existing repository and its planned extension.

4. Calculation of the radiological exposure to a representative individual of the most exposed group 
of humans in the future Forsmark landscape, and the radiological exposure of the other biota in 
the environment.

The SR-PSU biosphere assessment builds on previous safety assessments for the existing and 
planned nuclear waste repositories in Sweden. Between 2002 and 2008, SKB performed site investi-
gations for a repository for spent nuclear fuel in Forsmark. Data from these site investigations were 
used to produce a comprehensive, multi-disciplinary site description (SKB 2008a). This description 
has been used as a basis for understanding and modelling of the site and site development. 

The SFR repository has been operating since 1988 and a number of safety assessments have been 
performed for it since SKB received permission to start building SFR 1 in 1983, including the SAFE 
project (Lindgren et al. 2001, Kautsky 2001) and SAR-08 (SKB 2008b). In addition, safety assess-
ments have been performed for a planned repository for spent nuclear fuel i.e. within the SR-Can 
(SKB 2006) and SR-Site (SKB 2011) projects, for which SKB handed in an application in 2011. 
This implies that the SR-PSU biosphere assessment is based on knowledge gathered from site data, 
site modelling and the previous safety assessments, together with modelling performed and data 
collected during the SR-PSU project. 

Figure 1-2. The surface part of the SFR facility in the harbour in Forsmark with the Forsmark nuclear 
power plant in the background. 
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The work done within the SR-PSU Biosphere project has been conducted by a number of people. 
Many of the project participants have been involved from the site investigation, via the site charac-
terization and modelling tasks, through to the SR-PSU safety assessment; several members of the 
project group also have experience from previous safety assessments for SFR and for the planned 
repository for spent nuclear fuel. The project members in alphabetic order, their roles and affiliations 
are listed in Table 1-1.

Table 1-1. Project members of SR-PSU Biosphere in alphabetical order and their roles in the 
project.

Boris Alfonso, Facilia AB Numerical modelling of impacts on non-human biota.
Eva Andersson SKB Project manager SR-PSU Biosphere, process descriptions, limnic 

ecosystems.
Karin Aquilonius, Studsvik Nuclear AB Marine ecosystems.
Rodolfo Avila, Facilia AB Radionuclide modelling and dose assessment.
Sten Berglund, HydroResearch AB Hydrology and near-surface radionuclide transport, editor of the biosphere 

synthesis report.
Lars Brydsten, Umeå University GIS (geographical information system) analysis, regolith dynamics and lake 

development modelling.
Per-Anders Ekström, Facilia AB Numerical modelling of radionuclide transport and doses.
Christin Eriksson, DHI Sverige AB Oceanography.
Sara Grolander, Sara Grolander 
Miljökonsult AB 

Distribution coefficient (Kd) and concentration ratio (CR) analysis, editor of 
present report.

Fredrik Hartz, Hartz Technology AB GIS analysis and landscape development.
Thomas Hjerpe, Facilia AB FEP handling.
Ben Jaeschke, SKB Non-human biota.
Emma Johansson, SKB Hydrology.
Ulrik Kautsky, SKB Overall biosphere coordinator at SKB, scientific and method development.
Sven Keesmann, SKB Radionuclide model report.
Tobias Lindborg, SKB Site modelling and landscape development.
Anders Löfgren, EcoAnalytica Terrestrial ecosystems.
Sara Nordén, SKB Non-human biota, Kd and CR analysis.
Veronika Rensfeldt, Facilia AB Kd and CR analysis.
Peter Saetre, SKB Radionuclide model development, data evaluation, synthesis.
Mona Sassner, DHI Sverige AB Hydrology.
Gustav Sohlenius, SGU Regolith and future land use.
Viktor Smide, Hartz Technology AB GIS analysis and illustrations.
Mårten Strömgren, Umeå University GIS analysis, landscape development.
Mats Tröjbom, MTK AB Kd and CR analysis, water chemistry.
Kent Werner, EmpTec Hydrology, Wells, water resources management.
Per-Gustav Åstrand, Facilia AB Numerical modelling of radionuclide transport and doses.

1.1 The SR-PSU report hierarchy
The SR-PSU project is reported in a series of SKB reports, which includes a main report and a set of 
primary references that are referred to by abbreviated names in the SR-PSU reporting. The primary 
references and the names used when referring to them in this and other SR-PSU reports are shown in 
Figure 1-3. In addition to the primary references, the safety assessment is based on a large number of 
background reports and other references.

Table 1-2 presents the background reports produced within SR-PSU Biosphere. The relationships 
between the background biosphere reports and the primary references are shown in Figure 1-4. The 
present report, the Parameter report (marked in orange in Figure 1-4) is one of the underlying refer-
ences to the Biosphere synthesis report. As indicated in Figure 1-4, the Parameter report is based on 
input from a large number of background reports.
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Table 1-2. Biosphere background reports produced within SR-PSU Biosphere; FEP stands for 
features, events and processes.

Report number Short description and reference in text Full title

R-12-03 DEM report, Strömgren and Brydsten (2013) Digital elevation model (DEM) of Forsmark. SR-PSU 
Biosphere.

R-13-01 Kd and CR report, Tröjbom et al. (2013) Kd and CR used for transport calculation in the 
biosphere in SR-PSU.

R-13-18 Biosphere parameter report, (This report) Biosphere parameters used in radionuclide transport 
modelling and dose calculations in SR-PSU.

R-13-19 Surface hydrology report, Werner et al. (2013) Hydrology and near-surface hydrogeology at Fors-
mark – synthesis for the SR-PSU project. SR-PSU 
Biosphere.

R-13-20 Hydrological data report, Werner et al. (2014) Meteorological, hydrological and hydrogeological 
monitoring data from Forsmark – compilation and 
analysis for the SR-PSU project. SR-PSU Biosphere.

R-13-22 Regolith model report. Sohlenius et al. (2013) Depth and stratigraphy of regolith at Forsmark. SR-
PSU Biosphere.

R-13-27 Regolith lake development model, RLDM, 
Brydsten and Strömgren (2013)

Landscape development in the Forsmark area from 
the past into the future (8500 BC–40,000 AD).

R-13-43 Biosphere process definition report,  
SKB (2013c)

Components, features, processes and interactions in 
the SR-PSU biosphere modelling.

R-13-46 Biosphere radionuclide model report,  
Saetre et al. (2013a)

The biosphere model for radionuclide transport and 
dose assessment in SR-PSU.

R-14-02 Biosphere FEP handling report, SKB (2014a) Handling of biosphere FEPs and recommendations for 
model development in SR-PSU.

Figure 1-3. Relationship between reports produced in the SR-PSU safety assesment. 
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1.2 This report
In this report, the parameters used for radionuclide transport modelling for the biosphere are pre-
sented. The report consists of nine sections describing different groups of parameters; Radionuclide 
specific parameters, Landscape geometries, Regolith characteristics, Hydrological flows, Element-
specific parameters, Aquatic ecosystem parameters, Terrestrial ecosystem parameters, Human 
characteristics and parameters used for dose assessment for non-human biota (NHB). 

This report has been written as a collaboration by several project members. The authors of the chap-
ters of this report are listed below. 

• Radionuclide Specific parameters – Per-Anders Ekström, Facilia AB.

• Landscape geometries – Anders Löfgren, EcoAnalytica 

• Regolith characteristics – Gustav Sohlenius, SGU

• Hydrological flows – Mona Sasser, DHI 

• Element-specific parameters – Sara Grolander, Sara Grolander Miljökonsult AB

• Aquatic ecosystem parameters – Eva Andersson, SKB

• Terrestrial ecosystem parameters – Anders Löfgren, EcoAnalytica

• Human characteristics – Peter Saetre, SKB

• Non-human biota parameters – Sara Nordén, SKB

Sara Grolander has been the editor of the report. 

Figure 1-4. Relationship between reports produced in the SR-PSU Biosphere project (dark green boxes). 
The present report is marked in orange and bold. Supporting documents produced within other biosphere 
projects at SKB are shown as light green boxes, whereas other reports in the SR-PSU project are shown in 
white except the SR-PSU Main report, which is shown in blue.
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2 Conditions for parameterisation 

This report present parameters used for the radionuclide transport model for the biosphere used to 
calculate radionuclide transport and doses to humans and wildlife in the Forsmark area for a time 
period of up to 100,000 years. In this chapter, an overview of the radionuclide transport model and 
the conditions for parameterisation set by alternative calculation cases (climate cases) and land-use 
variants is given. The methods used for selection of representative parameter values and distributions 
are also described in Section 2.6. 

2.1 Radionuclide transport model
The radionuclide transport model for the biosphere calculates radionuclide transport and radiation 
doses and dose rates in the Forsmark area for a time period of 100,000 years. Two types of ecosys-
tems are simulated in SR-PSU, namely aquatic ecosystems (sea, lake and river ecosystems), and ter-
restrial ecosystems (mire ecosystems and agricultural ecosystems). In these compartmental (or mass 
balance) models, each compartment represents a radionuclide inventory associated with a physical 
(or biological) component in the surface ecosystems. The dynamic change of the radionuclide con-
tent of each compartment is the result of one or more radionuclide fluxes (based on the processes 
that are operating) which are associated with the mass fluxes of water, solids (including organic 
matter) or gas, or with diffusion. 

Figure 2-1 shows a graphical representation of the compartments and radionuclide fluxes identified for 
a coupled lake and mire ecosystem. The arrows in Figure 2-1 represent radionuclide fluxes between the 
compartments and fluxes into and out of the system. Radionuclide fluxes are linked to mass fluxes of 
gas (1, light blue), water (2, dark blue) and solid matter (3, black), to transitions between inorganic and 
organic forms of radionuclides (4, green), to diffusion in soil pore water (5, orange), and to ingrowth of 
wetland vegetation (6). The atmosphere serves as a source and sink of radionuclides. 

Figure 2-1. A graphical representation of the radionuclide transport model used to simulate transport and 
accumulation in a discharge area with two natural ecosystems (black dotted boxes). Each box corresponds 
to a radionuclide inventory associated with a physical compartment. Arrows represents radionuclide fluxes 
between compartments and fluxes into and out of the system. Radionuclide fluxes are linked to mass fluxes 
of gas (1, light blue), water (2, dark blue) and solid matter (3, black), to transitions between inorganic and 
organic forms of radionuclides (4, green), to diffusion in soil pore water (5, orange), and to ingrowth of 
wetland vegetation (6). The atmosphere serves as a source and sink of radionuclides. 
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Five regolith compartments are defined for the terrestrial ecosystem and four for the aquatic eco-
system. The RegoLow compartments represents till overlying the bedrock, the RegoGL compartment 
represents the glacial clay overlying the till. The RegoPG represents the postglacial gyttja clay layer. 
These lower layers (RegoLow, RegoGL and RegoPG) are identical in both terrestrial and aquatic eco-
systems whereas the top layers differ between the ecosystems. In the terrestrial ecosystem, the peat is 
divided into one anoxic peat layer, RegoPeat, and one layer representing the oxidised top layer of the 
peat, RegoUp. In the aquatic ecosystem, the RegoUp layer represents the oxidised organic top sedi-
ment (5 cm for lakes and 10 cm for sea). The compartments marked with the suffixs _org in the figure 
represents the organic compartments, which are distinguished from the compartments representing 
inorganic solids and pore waters. Besides the regolith compartments, surface waters and primary 
producers are handled as separate compartments in the transport model. A detailed description of the 
radionuclide model and definitions of the model compartments are found in Saetre et al. (2013a). 

2.2 Landscape development and biosphere objects
Seven biosphere objects have been identified as potential release areas in the Forsmark landscape. 
The identification of these biosphere objects is described in detail in the Biosphere synthesis report. 
The biosphere objects are shown in Figure 2-2, there are two types of biosphere objects, those with a 
lake stage in the succession and objects without a lake stage. The objects with a lake stage are marked 
in blue and the objects without a lake stage are marked in yellow (121_2 and 157_2). The objects are 
parts of larger areas here called basins (marked with grey). Several of the parameters presented in this 
report are object-specific, meaning that they describe properties that are dependent on which object 
they represent, for example the geometries of the object, the thickness of the regolith layers and water 
fluxes. 

Due to landscape development (shoreline displacement) the landscape will go through successional 
changes during the modelled time period. At the start of the modelling time period all biosphere object 
are sea basins, but, due to land uplift, lakes will be formed, and then these lakes will be transformed 
into terrestrial areas. This means that several of the parameters presented in this report are time-depend-
ent and alter during the modelled time period. The landscape development is illustrated in Figure 2-3. 

Figure 2-2. The seven biosphere objects (blue and yellow) and their associated basins (grey). The objects 
121_2 and 157_2 have no lake stage in their succession (marked with yellow).
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2.3 Human inhabitants
In SR-PSU, a comprehensive range of potential exposure pathways for humans has been analysed 
(SKB 2014a). The possible exposure pathways to humans differ depending on the habits of the 
humans. It is impossible to predict the habits and diets of future humans. However, by assuming a 
range of human habits, a range of exposure pathways can be identified and used to define bounding 
cases to determine possible exposures of humans in the future. Four groups associated with different 
potential land-use variants were included in the analysis. These groups were considered credible to 
use as bounding cases for the most exposed groups with respect to exposure through all major expo-
sure pathways (SKB 2014a). When characterising the most exposed groups, physical and biological 
characteristics of the biosphere objects, human requirements for energy and nutrients, and habits 
from historical and present societies were considered (Saetre et al. 2013a, b). The four land-use 
variants identified were the following.

Figure 2-3. The biosphere object succession and ecosystem development is shown for 2000, 3500, 5000 
and 9000 AD using the landscape development model as background. 
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Hunting and gathering (HG) – represents a community using natural ecosystems in the landscape 
for living space and food. The major exposure pathways are from foraging the landscape (fishing, 
hunting, and collecting berries and mushrooms), and from drinking surface water (from streams or 
lakes). 

Infield–outland farming (IO) – represents self-sustained agriculture where infield farming of crops 
and livestock breeding are dependent on hay from wetlands (outland), used as fodder and organic 
fertilizer (manure). The major exposure pathways result from haymaking, from consumption of 
crops, meat and dairy products, and from drinking water from either a dug well or from surface 
water in the biosphere object.

Draining and cultivating a mire (DM) – represents self-sustained industrial agriculture in which 
wetlands are drained and used for agriculture (both crop and fodder production). The major exposure 
pathways are from growing food on land where radionuclides have accumulated for an extended 
period, and from drinking water from either a well (dug or drilled) or from surface water in the bio-
sphere object. 

Garden plot household (GP) – represents a household that is self-sustained with respect to veg-
etables and root crops produced through small-scale horticulture. The major exposure pathways 
result from fertilization and food production on the garden plot, and from using either a well (dug 
or drilled) or surface water for drinking and irrigation purposes. 

Parameters describing these land-use varaints (the habits and characteristics of the population) are 
presented in Chapter 10 and properties of the agricultural soil types and of the crops that are culti-
vated are presented in Section 5.4 and Chapter 9. 

2.4 Climate cases
Since the safety assessment covers thousands of years, climate conditions will vary. Climate affects 
the release and distribution of radionuclides, ecosystem functioning and exposure pathways. In 
SR-PSU, four climate cases are identified (SKB 2014d); 

• the global warming climate case, 

• the extended global warming climate case, 

• the early periglacial climate case, 

• the Weichselian glacial cycle climate case.

The climate cases cover both warmer and colder climate conditions which can have a large effect 
on the transport of radionuclides in the biosphere and possible exposure pathways for humans. 
Therefore, separate calculation cases have been identified for these climate conditions. For some of 
the parameters presented in this report, alternative parameter values are used for the different climate 
calculation cases. Here a short description is given of the calculation cases and of the parameter 
groups that are altered in the listed calculation cases. Detailed information on alternative parameter 
values is given in each of the following chapters (Chapters 3-11). A list of parameters altered in the 
climate calculation cases are presented in Appendix B.

The global warming calculation case is based on the reference evolution presented in the main 
report (SKB 2014b), which describes a reasonable evolution of the repository, the geosphere and the 
biosphere. This calculation case is used as a base case. The climate is assumed to be temperate for 
the first 50,000 years and the air temperature may increase by up to 3.7°C but will return to present 
conditions after c. 25,000 years (SKB 2014d). Although the temperature will increase, the degree 
of warming and the response in the biosphere is uncertain (see Andersson 2010, Aquilonius 2010 
and Löfgren 2010 for further discussion on potential responses to warming of the ecosystems at 
Forsmark). Therefore, the most reliable data available for temperate conditions, i.e. site data under 
present conditions, are used for the entire time period of this calculation case. The parameter data 
used for this calculation case are considered to be the base case and these parameter data are used for 
all other calculation cases if no other values are stated. 
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The extended global warming calculation case is developed to evaluate the effect of warmer and 
wetter climate on repository safety. In the extended global warming climate case temperature may 
increase by c. 6°C and it may take 50,000 years before the temperature returns to its present-day 
value (SKB 2014d). Such a climate is similar to that of present day central and southern Europe. 
To fully investigate the effect of a warmer and wetter climate, the parameters for increased tempera-
ture are applied for the entire modelling period of 100,000 years. The hydrological parameters are 
affected by the warmer climate and therefore water balances for the biosphere objects were modelled 
using information on increases in temperature and the characteristics of wetter conditions taken from 
the climate report. Ecosystem parameters such as primary production concentration of carbon in the 
atmosphere are altered. 

The early periglacial climate case is developed to evaluate the dose to humans and dose rates to 
wildlife in the early periglacial climate case (permafrost conditions). The term periglacial is today 
used for a range of cold but non-glacial environments. In the periglacial environment, permafrost is 
a central, but not defining, element. However, for the present work, the periglacial climate case is 
defined strictly as non-glacial regions that contain permafrost. Although true for most of the time, 
regions defined as periglacial are not necessarily the same as regions with a climate that supports 
permafrost growth. For example, at the end of a period with periglacial climate domain the climate 
may be relatively warm, not building or even supporting the presence of permafrost. Instead, perma-
frost may be diminishing. However, as long as permafrost is present, the region is defined as perigla-
cial, regardless of the prevailing temperature at the ground surface. This way of defining the climate 
domain is used because the presence of the permafrost is more important for the safety function of 
the repository than the actual temperature at the ground surface. The definition of permafrost applies 
to the land ecosystem, i.e. the soil is at or below the freezing point of water (0°C) for two or more 
years. The uppermost permafrost in a terrestrial ecosystem is a thin active layer that seasonally thaws 
during the summer. The permafrost domain in limnic ecosystems means an environment with lower 
water temperature and only a relatively short ice-free season. The first periods of colder climate that 
can cause deep permafrost arise at around AD 17,000 and prevail for a few thousand years (SKB 
2014d). At that time all of the model area is above shore line, and the regolith layers of the Forsmark 
landscape will be frozen. Therefore, discharge of deep groundwater will be restricted to unfrozen 
land areas, so-called discharge taliks. Taliks are typically formed below lakes with shallow perma-
frost depths but they might also form below other low points in the landscape as wetlands (Werner 
et al. 2013). A separate model for taliks was set up to investigate the potential doses from a lake talik 
and a wetland talik. Hydrological water fluxes are affected by permafrost conditions and therefore 
hydrological water fluxes were modelled for colder and dryer climate conditions (data from the SKB 
2014d) at both wetland and lake taliks. Ecosystem parameters relating to vegetation production, and 
production of edible fish and crayfish, are altered to better reflect permafrost conditions. During per-
iglacial climate conditions, cultivation is not possible on drained mires due to permafrost, and wells 
will not yield any water in the frozen ground. Thus, in the talik calculation case the exposed popula-
tion is hunters and gatherers foraging in the Forsmark landscape. The taliks are located in object 
157_1 (representing a talik under a wetland) and 114 (representing a talik under a lake). Therefore 
parameters for these two objects are used in this calculation case.

The Weichselian glacial cycle climate calculation case represents a repetition of conditions 
reconstructed for the last glacial cycle. This climate case is included to span the uncertainty in the 
onset of ice sheet growth in the Northern Hemisphere under fully natural climate variability, and for 
comparison with earlier safety assessments for the SFR repository. Current scientific knowledge on 
future climate evolution, reviewed in Section 3.3 in the SKB (2014d), suggests that the combination 
of human intervention and relatively small-amplitude variations in insolation will lead to a global 
climate evolution in the next 100,000 years which is significantly different from previous glacial 
cycles. Therefore, the Weichselian cycle case is not considered in the SR-PSU landscape develop-
ment modelling. To assess the affect of this climate case a calculation case for submerged conditions 
is considered. In this calculation case the same parameter values as in the base case (global warming 
calculation case) are used. The biomass of the marine basin are dependent on depth and will there-
fore change over time. 
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2.5 Additional calculation cases
In addition to the four climate calculation cases, three alternative biosphere calculation cases have 
been developed in SR-PSU. For some of these cases, alternative or additional parameter values are 
used. These parameters are presented in Chapter 12 of this report.

• Wells in discharge plume or into repository or utilisation of water from the tunnel entrance of an 
abandoned repository. Addresses the dose contribution that results from drilling a geological well 
to secure drinking water resources either in the discharge plume or directly into the repository. 
All parameters are identical to the global warming calculation case. There is no agricultural land 
in the discharge plume or above the repository. Therefore, the only exposed population assumed 
to be able to drill a well into the geosphere is the garden plot household. Parameters describing 
the properties of the well are presented in Section 12.1. 

• The calculation case Distibuted release is developed to examine uncertainties in the distribu-
tion of the radionuclide release in the landscape. All parameters are identical to the global 
warming calculation case. The only parameter that is altered is the release fraction, described 
in Section 12.2 and in detail in Odén et al. (2014). 

• The calculation case Alternative object delineation is developed to investigate uncertainties 
in delineation of biosphere objects. The results arising with the initial delineation of biosphere 
object 157_2 in the global warming case is compared with the results arising with alternative 
delineation. Water balances for each alternative object delineation were modelled with MIKE 
SHE and model parameters were derived from these (Werner et al. 2013). Regolith depths were 
derived for the alternative object delineations, and deep peat mineralization rates were adjusted 
for the potential peat depth. The altered parameters are listed in Section 12.3. All other param-
eters were identical to the global warming case.

2.6 Selecting parameter values and probability density functions
The extensive site investigations performed by SKB at Forsmark have resulted in a detailed descrip-
tion of the site and its development (summarised in SKB 2014c). Site-specific data from the site 
description have as far as possible been utilised both for describing parameters and specifying 
parameter values. The parameters describe relevant properties of the ecosystems in the Forsmark 
area today and in the future. It is not possible to predict parameter values for a fully dynamic future 
ecosystem in detail, and instead data from the site and nearby ecosystems are used as natural ana-
logues for the future ecosystems. This is based on the assumption that all relevant interactions 
among species and between organisms and the abiotic environment are contained in these analogue 
ecosystems. 

Below is a brief description of the principles used to derive best estimate values of input parameters, 
and to describe the natural variation and measurement uncertainties in model parameter values. 

For each parameter describing a property or process in biosphere objects, a best estimate was derived, 
and the parameter variation was described by a probability density function. Site data were utilised 
as far as possible, but in cases where the available site data were insufficient for reliable parameter 
estimation, data from the open literature were utilised. The biosphere objects develop in time, but for 
the purpose of the assessment the properties within an object are assessed to be homogenous and to 
represent a yearly average. Thus, the parameter values that were used in the simulations of transport, 
accumulation and exposure, should give representative descriptions (typical) of compartments or 
flows between compartments within a biosphere object, disregarding spatial variations within the 
compartments, and temporal variations during the year. 

This means that when the variations in parameter values are quantified (e.g. in terms of standard 
deviation, or maximum and minimum values), the measures of variation should reflect the random 
variation of the typical value between years, or, if such data are not available, the random variation 
between compartments in similar landscape objects within the study area. Only the natural variation 
existing within one particular climate domain was used to characterise the probability distribution of 
a parameter.
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The term “parameter uncertainty” is used in the context of assessing the precision of the estimated 
radionuclide doses. The parameter uncertainty refers to the combined effect of natural variation, 
comprising variation due to real and identifiable heterogeneity in nature, and measurement uncer-
tainties (i.e. errors in measurements or limitations in the assessment).

Each parameter has been described by a best estimate (BE) and a probability density function (PDF), 
which includes both natural variation and measurement uncertainties. The shape of the PDF for each 
parameter was judged to be either log-normal or normal. For a lognormal distribution, the geometric 
mean and geometric standard deviation were used to describe the best estimate and the variation 
around the mean, whereas the arithmetic mean and standard deviation were used for parameters with 
a normal distribution. For each parameter, maximum and minimum values were also identified to 
set limits on the possible range of the parameter value. The possible range includes expected natural 
variation that is not observed at the site presently, but may historically have existed at the site or is 
expected in the future under similar climate conditions (e.g. due to the presence/characteristics of 
species/communities that are likely to develop on the site, but are not presently observed). The mini-
mum and maximum values are used to truncate the distributions used in the radionuclide model. 

When data were insufficient to estimate a parameter distribution, e.g. for properties of future site 
conditions estimated from literature data, the parameter was represented by a uniform distribution. 
For most of these parameters, the best estimate corresponded to the arithmetic mean of the minimum 
and maximum values. For some parameters for which data are scarce, the parameter uncertainty was 
handled by choice of cautious parameter values.

The best estimates and PDFs were used for deterministic and probabilistic calculations of human 
exposure and to assess potential radiological impacts on humans. The result of the probabilistic 
simulations were also used sensitivity analysis where the parameter variations were assessed. For the 
non-human dose assessment no probabilistic calculations were conducted. The parameters that were 
varied in the probabilistic simulations are listed in Appendix F. 
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3 Radionuclide-specific parameters

In the calculations of potential doses to humans, radionuclide-specific dose coefficients are used 
for converting the activity levels (Bq) of ingested or inhaled radionuclides as well as the activity 
concentrations in environmental media (Bq m–2 or Bq m–3) to doses to humans (Sv). Humans can 
be exposed to radionuclides both externally and internally. External exposure comes from radiation 
emitted by radionuclides in surrounding environmental media such as air, water and soils. The inter-
nal exposure is always preceded by incorporation of radionuclides into the human body. Relevant 
pathways for internal exposure are mainly by inhalation of contaminated air, or ingestion of con-
taminated water and food (Avila and Bergström 2006). Other exposure pathways are discussed and 
dismissed as being of little significance for the long-term safety of a geological disposal facility at 
the Forsmark site in SKB (2014a).

Assessing the risk to the most exposed group is the motivation for the dose calculations and, for 
doing this, three different kinds of radionuclide-specific dose coefficients taking into account the 
above mentioned main exposure routes are used:

1. dose coefficients for external exposure from radionuclides in the ground, doseCoef_ext  
(Sv h–1 per Bq m–3), and on the ground, doseCoef_ext_surf  (Sv h–1 per Bq m–2),

2. dose coefficients for ingestion, doseCoef_ing (Sv Bq–1), and

3. dose coefficients for inhalation, doseCoef_inh (Sv Bq–1).

Doses obtained with these coefficients are the committed effective doses to members of the public 
that are classified as adults. Any radioactive contamination of the biosphere due to releases from a 
geological disposal facility could be assumed to remain relatively constant over time periods span-
ning considerably longer than the human life span. Therefore, ICRP (2000) states that it is reason-
able to calculate the annual dose averaged over the lifetime of the individuals, which means that it is 
not necessary to calculate doses to different age groups; this average can be adequately represented 
by the annual effective dose to an adult.

Previous safety assessments of planned geologic repositories in Sweden (Bergman et al. 1977, 1979, 
Bergström 1983) have shown that the only external exposure contributing significantly to the total 
dose is that from contaminated ground, this is also shown and discussed in SKB (2014a). Thus, the 
external exposure from air and water is negligible for all radionuclides of relevance, whereas for 
some radionuclides with high gamma-energy emissions and low bioavailability, such as Nb-94, the 
external exposure to radionuclides accumulated in the ground (soil) may give an important contribu-
tion to the total dose. Hence, exposure from radionuclides accumulated in the ground is included in 
SR-PSU.

In addition to this, an additional calculation case was studied in which peat and wood are com-
busted for heat generation. The exposure to radionuclides in the contaminated air was considered 
and therefore dose conversion factors (doseCoef_comb_peat, doseCoef_comb_wood) for the 
exposure by inhalation of contaminated air following the combustion of peat or wood with an 
assumed unit activity concentration (Sv year–1 per Bq kgdw–1) were used; these are presented in 
Section 3.4.1. 

The radionuclide half-lifes and the decay chains used in the radionuclide transport model for the 
biosphere are not presented here; these can be found in the SKB (2014e) report. In this chapter the 
half-lifes used in calculation of dose coefficients are presented, these can in some cases differ 
from the half-lifes used in the radionuclide transport model. The potential differences on some of 
the long half-lives of modelled radionuclides (often several thousands of years) would give insig-
nificant effect on the short time-span of exposure of the most exposed group (up to 50 years).
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3.1 Experience from previous safety assessments
There is no difference between the modelling approaches used in SR-PSU and the approaches used 
in recent SKB safety assessments (SAR-08 (SKB 2008), SR-Site, (SKB 2011)). 

In safety assessments performed before 2006, dose coefficients for external exposure were based on 
values in Svensson (1979). In safety assessments performed after 2006 (SAFE, SAR-08) external 
dose coefficients were based on values reported in Eckerman and Leggett (1996) and Eckerman and 
Ryman (1993). 

One issue identified in previous safety assessment is the handling of the dose contribution of short-
lived progeny. It is stated that the dose contribution from “short-lived” progeny is included in the 
dose coefficients of the parent radionuclide for external exposure, but the criterion for “short-lived” 
is not defined (Avila and Bergström 2006). This means that the handling of dose contribution of 
short-lived progeny has not been clarified in previous safety assessment. 

In SR-PSU, the dose contributions of the progeny are accounted for in the dose calculations by either 
including the dose contribution of the short-lived progeny in the dose coefficient of the parent radio-
nuclide or by modelling the progeny explicitly in the radionuclide transport calculations. These two 
approaches are described in Section 3.3. 

3.2 Influence of climate on parameter values
Radionuclide dose coefficients are not affected by climate change. The same parameter values are 
used in all calculation cases. 

3.3 Handling of the dose contribution of progeny in 
decay chains 

The inventory of the SFR facility is identified in SKB (2013b). From the inventory a screening has 
been done based on two criteria;

1. half-life of the radionuclide is 10 years or longer,

2. radiotoxicity1 of radionuclide at time of repository closure exceeds 0.01 Sv.

The radionuclides selected after the screening are included in the safety assessment. In addition, 
long-lived progeny of these selected radionuclides might be relevant for the safety assessment and 
are therefore included in the assessment and thus modelled explicitly. The selection of radionuclides 
is described in SKB (2014e). Table 3-1 lists the selected radionuclides (including progeny). 

Table 3-1. Safety relevant radionuclides for the SR-PSU assessment.

Ac-227 Cm-243 Mo-93 Pu-239 Th-229
Ag-108m Cm-244 Nb-93m Pu-240 Th-230
Am-241 Cm-245 Nb-94 Pu-241 U-232
Am-242m Cm-246 Ni-59 Pu-242 U-233
Am-243 Co-60 Ni-63 Ra-226 U-234
Ba-133 Cs-135 Np-237 Se-79 U-235
C-14 Cs-137 Pa-231 Sm-151 U-236
Ca-41 Eu-152 Pb-210 Sn-126 U-238
Cd-113m H-3 Pd-107 Sr-90 Zr-93
Cl-36 Ho-166m Po-210 Tc-99
Cm-242 I-129 Pu-238 Th-228

1  Radiotoxicity is defined as the product of the inventory (Bq) and the dose coefficient for ingestion  
(doseCoeff_ing, Sv Bq–1).
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The dose calculations for most radionuclides are straightforward, the activity concentrations in 
environmental media are multiplied by the corresponding dose-coefficient. However, for some radio-
nuclides radioactive progeny building up in the environmental media after radioactive decay have to 
be taken into account. Thus, it is appropriate to consider exposure from both the radionuclide and the 
progeny when assessing dose. The contribution of these radionuclide progeny are handled by assum-
ing secular equilibrium and including the contribution of the progeny in the dose coefficient of the 
parent radionuclide. 

A decay product is said to be in secular equilibrium when the ratio of its activity to that of the parent 
no longer changes with time. The reason for adopting this assumption is that the radionuclides in 
these chains have much shorter half-lives than those radionuclides explicitly modelled (many orders 
of magnitude). In the situation of secular equilibrium, the decay rate of parent radionuclide, and 
hence the production rate of progeny radionuclide, is approximately constant, because the half-life 
of the parent nuclide is very long compared to the timescale being considered. The quantity of the 
radionuclide progeny builds up until the number of progeny atoms decaying per unit time becomes 
equal to the number being produced per unit time; the quantity of radionuclide progeny then reaches 
a constant, equilibrium value. Assuming that the initial concentration of the progeny is zero, full 
equilibrium usually takes several half-lives of the progeny to establish. Thus, the equilibrium value 
for the activity in a progeny radionuclide is the same as the activity of parent radionuclide, adjusted 
by the branching ratio. 

As an example, assume a unit activity of radionuclide Cs-137. The physical half-life is 30 years 
and in 94.6% of its transformations, the radioactive decay product Ba-137m is formed. Ba-137m 
has a half-life of 2.552 minutes and forms no radioactive decay products. Figure 3-1 illustrates the 
dynamic change of activity of Cs-137 and Ba-137m, assuming an initial unit activity of Cs-137. It 
shows that after about 20 minutes (~ 7 half-lives of Ba-137m), secular equilibrium has been estab-
lished between Cs-137 and Ba-137m. Thus, when modeling Cs-137 there is no need to explicitly 
model Ba-137m. Instead, it is assumed that wherever there is any activity of Cs-137 there are the 
same activity corrected by 94.6% (the branching ratio) of Ba-137m. Accordingly, the dose coeffi-
cients for Cs-137 include the contribution of radiation from Ba-137m and thus Ba-137m is not mod-
eled explicitly in the transport model.

In other cases, the contribution of progeny is small and can therefore be neglected in the dose 
calculations. As an example, for Gd-152 and Sm-147 which are a very long-lived (1.08×1014 and 
1.06×1011 years, respectively) progenies of the relatively short-lived (13.33 and 2.6234 years, 
respectively) radionuclides Eu-152 and Pm-147. Thus, not much Gd-152 and Sm-147 will be built 
up before Eu-152 and Pm-147 have decayed. Figure 3-2 illustrates the amount of Gd-152 and 
Sm-147 that will build up from a unit initial activity of Eu-152 and Pm-147. Only 3.4×10–14 of 
the initial Eu-152 activity and 2.5×10–11 of the initial Pm-147 activity will build up as Gd-152 and 
Sm-147. Since the inhalation dose coefficient is only about 450 times and ingestion coefficient 
is only about 30 times larger for Gd-152 than for Eu-152 and corresponding values for Sm-147 
and Pm-147 are 1920 and 188 (see Table 3-3) there is no need to take the dose contribution into 
account in the dose coefficients of the parent radionuclide or to explicitly model the radionuclides 
Gd-152 and Sm-147.

Out of the radionuclides identified in Table 3-1, 15 of them are part of decay chains for which the 
activity of the progeny radionuclide can be assessed by assuming secular equilibrium (as in the 
example with Cs-137 and Ba-137m). For these decay chains the contributions to dose from exposure 
of short-lived progeny present in the environment are included in the does coefficients of the parent 
radionuclide. These radionuclides are listed in Table 3-2. 
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Figure 3-2. Dynamic change of activity of Eu-152, Gd-152, Pm-147 and Sm-147 assuming an initial unit 
activity of Eu-152 and Pm-147 and no initial activity of Gd-152 and Sm-147. Horizontal dotted lines cor-
respond to the activity levels that Gd-152 (3.4E–14Bq) and Sm-147 (2.5E–11Bq) will reach before Eu-152 
and Pm-147 have decayed.
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Sr-90 Ag-108m Sn-126 Cs-137 Pb-210

↓ 9% ↓ ↓ 95% ↓ ↓

Y-90 Ag-108 Sb-126m Ba-137m Bi-210

14% ↓

Sb-126

Ra-226 Ac-227 Th-228

↓ 99% ↙ ↘ 1% ↓

Rn-222 Th-227 Fr-223 Ra-224

↓ ↘ ↙ ↓

Po-218 Ra-223 Rn-220

100% ↙ ↘ ~ 0% ↓ ↓

Pb-214 At-218 Rn-219 Po-216

↘ ↙ ↓ ↓

Bi-214 Po-215 Pb-212

100%↓ ↓ ↓

Po-214 Pb-211 Bi-212

↓ 64% ↙ ↘ 36%

Bi-211 Po-212 Tl-208

100% ↙ ↘ ~ 0%

Tl-207 Po-211

Th-229 U-235 Np-237 U-238

↓ ↓ ↓ ↓

Ra-225 Th-231 Pa-233 Th-234

↓ 100% ↙ ↘ ~ 0%

Ac-225 Pa-234m ↓

↓ ~ 0% ↘ ↙

Fr-221 Pa-234

↓

At-217

↓ Pu-241 Am-242m Am-243

Bi-213 ~ 0% ↓ 100% ↙ ↘ ~ 0% ↓

98% ↙ ↘ 2% U-237 Am-242 Np-238 Np-239

Po-213 Tl-209

↘ ↙

Pb-209

Figure 3-3. The decay chains for which the contribution of the progeny is included in the dose coefficient 
of the parent nuclide. 
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Table 3-2. Radionuclides implicitly taken account of in the biosphere assessment, their half-lives, 
decay modes, and radioactive progeny. Radiation decay data from ICRP (1983).

Radionuclide Half-life Decay modes1 Progeny (branching ratio)

Y-90 64.0h β–
Ag-108 2.37m EC,β+,β–
Sb-126 12.4d β–
Sb-126m 19.0m IT,β– Sb-126 (14%)
Ba-137m 2.552m IT
Tl-207 4.77m β–
Tl-208 3.07m β–
Pb-209 3.253h β–
Tl-209 2.20m β– Pb-209 (100%)
Bi-210 5.012d β– Po-210 (100%)
Bi-211 2.14m α,β– Tl-207 (99.72%) Po-211 (0.28%)
Pb-211 36.1m β– Bi-211 (100%)
Po-211 0.516s α
Bi-212 60.55m β–,α Po-212 (64.07%) Tl-208 (35.93%)
Pb-212 10.64h β– Bi-212 (100%)
Po-212 0.305us α
Bi-213 45.65m β–,α Po-213 (97.84%) Tl-209 (2.16%)
Po-213 4.2us α Pb-209 (100%)
Bi-214 19.9m β– Po-214 (99.98%)
Pb-214 26.8m β– Bi-214 (100%)
Po-214 164.3us α Pb-210 (100%)
Po-215 0.001780s α Pb-211 (100%)
Po-216 0.15s α Pb-212 (100%)
At-217 0.0323s α Bi-213 (100%)
At-218 2s α Bi-214 (100%)
Po-218 3.05m α,β– Pb-214 (99.98%) At-218 (0.02%)
Rn-219 3.96s α Po-215 (100%)
Rn-220 55.6s α Po-216 (100%)
Fr-221 4.8m α At-217 (100%)
Rn-222 3.8235d α Po-218 (100%)
Fr-223 21.8m β– Ra-223 (100%)
Ra-223 11.434d α Rn-219 (100%)
Ra-224 3.66d α Rn-220 (100%)
Ac-225 10.0d α Fr-221 (100%)
Ra-225 14.8d β– Ac-225 (100%)
Th-227 18.718d α Ra-223 (100%)
Th-231 25.52h β– Pa-231 (100%)
Pa-233 27.0d β– U-233 (100%)
Pa-234 6.70h β– U-234 (100%)
Pa-234m 1.17m β–,IT U-234 (99.87%) Pa-234 (0.13%)
Th-234 24.10d β– Pa-234m (99.8%) Pa-234 (0.2%)
U-237 6.75d β– Np-237 (100%)
Np-238 2.117d β– Pu-238 (100%)
Np-239 2.355d β– Pu-239 (100%)
Am-242 16.02h EC,β– Cm-242 (82.7%) Pu-242 (17.3%)

1 Decay modes: β– for beta minus decay, β+ for beta plus decay, EC for electron capture, α for alpha decay, IT for 
isometric and transition.
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3.4 Radionuclide-specific dose coefficients 
The dose coefficient for external exposure used in the assessment is defined as the dose rate to which 
an individual is exposed from a unit volumetric concentration in soil or from a unit surface concen-
tration of the radionuclide. The values used for external exposure from a volumetric source are based 
on homogeneous distribution of the radionuclides in a soil layer of infinite depth and infinite lateral 
extent (Eckerman and Leggett 1996, Eckerman and Ryman 1993). The values were derived from 
calculations for a typical silt soil with a density of 1,600 kg m–3, 0 ~ 2% air and 0 ~ 3% water content 
reported in Eckerman and Ryman (1993) taking into account the latest values of tissue weighting 
factors recommended by ICRP (1996). The very low water content, presumably based for an arid 
area, is cautious because the dose rates are expressed on a volumetric basis and would be decreased 
at higher densities corresponding to larger percentage water contents. In modelling of external expo-
sure, the external coefficients could be converted to consider the actual density of the modelled soil 
(Eckerman and Leggett 1996, Eckerman and Ryman 1993), but this has not been taken into account 
in SR-PSU. This would not make a large difference for mineral soils. The effect would be larger for 
peat soils because of their low bulk density, but this would be partly compensated by high water con-
tent. Overall, for a density of 1,000 kg m–3, the dose rates would increase by about 60%.

The internal dose coefficients presented in ICRP Publication 72 (ICRP 1996) take into account the 
dose due to ingrowth of radioactive progeny radionuclides within the body, following an intake of 
unit activity of the parent nuclide. The dose coefficient for internal exposure is defined as the com-
mitted effective dose to an individual from a unit intake of the radionuclide orally (ingested food/
water or inhaled air). The dose is integrated over 50 years; hence the dose coefficients correspond to 
life-time committed effective doses for an adult. The dose coefficients defined in ICRP (1996) are 
used in this safety assessment. 

As noted above, for intake of radionuclides, the dose coefficients take into account the radioactive 
progeny that are formed within the body (ICRP 1996). The extra contribution to dose from intake of 
short-lived progeny products present in the environment is very small, sometimes extremely small. 
However, for completeness, it is conservatively included in the final dose coefficients in the same 
way as for external exposure.

The dose coefficients for ingestion are independent of the ingestion pathway, i.e. via food or water. 
The only exception is carbon-14, for which different dose coefficients are used for ingestion via 
food and via water, because carbon is present in different chemical forms in water and food, and 
carbon-14 in food is more bioavailable (Leggett 2004). The coefficient for food is about 10 times 
higher than for water. The does coefficient for ingestion of water for carbon-14, doseCoef_ing_
water_14C is 2.9E–11 Sv Bq–1. 

The inhalation dose coefficients are specified for different absorption rates from the respiratory 
tract: fast (F), moderate (M) and slow (S). Slow adsorption rates cause the highest exposure for most 
radionuclides, but there are exceptions; for example for isotopes of the actinides Np, Pu, Am and Cm 
the highest exposure is observed for fast absorption rates. The highest value for each isotope across 
different classes of absorption rates was pessimistically chosen. For carbon-14 the value for carbon-
14 dioxide (CO2) was used.

In Table 3-3 the dose coefficients due to exposure from each of the radionuclides that is explicitly 
modeled are listed and Table 3-4 lists corresponding dose coefficients for the short-lived progeny 
of the nuclides in Table 3-3 (these radionuclides are not explicitly modeled and are assumed to be 
in secular equilibrium with parent radionuclides). The dose coefficients are used to calculate the 
dose coefficients presented in Table 3-5 which includes both the contribution of the parent nuclide 
and those of the short-lived progeny. The dose coefficients listed in Table 3-5 are used in the dose 
calculations. 
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Table 3-3. Dose coefficients (Sv Bq–1) for exposure from ingestion (doseCoef_ing) and inhalation 
(doseCoef_inh) (ICRP 1996). Dose coefficients (Sv h–1 per Bq m–3 and Sv h–1 per Bq m–2) for exter-
nal exposure (doseCoef_ext, doseCoef_ext_surf) (Eckerman and Leggett 1996, Eckerman and 
Ryman 1993) due to spatially uniformly distributed radionuclides to an infinite depth and surface 
exposure respectively. Values include only radiations emitted by the indicated radionuclide. 

Radionuclide Half-life Decay Ingestion Inhalation Type External exposure
 modes1 Sv Bq–1 Sv Bq–1 – Sv h–1 per Bq m–3 Sv h–1 per Bq m–2

H-3 12.35y β– 1.8E–11 2.6E–10 S – –
C-14 5,730y β– 5.8E–10 6.2E–12 CO2 2.1E–19 4.6E–17

2.9E–11* – – – –
Cl-36 3.01E5y EC,β+,β– 9.3E–10 7.3E–09 M 4.8E–17 4.0E–14
Ca-41 1.4E5y EC 1.9E–10 1.8E–10 S – –
Ni-59 7.5E4y EC 6.3E–11 4.4E–10 S – –
Co-60 5.271y β– 3.4E–09 3.1E–08 S 3.0E–13 8.3E–12
Ni-63 96y β– 1.5E–10 1.3E–09 S – –
Se-79 65,000y β– 2.9E–09 6.8E–09 S 2.9E–19 5.9E–17
Sr-90 29.12y β– 2.8E–08 1.6E–07 S 1.2E–17 5.9E–15
Mo-93 3.5E3y EC 3.1E–09 2.3E–09 S 8.0E–18 1.4E–14
Nb-93m 13.6y IT 1.2E–10 1.8E–09 S 1.4E–18 2.5E–15
Zr-93 1.53E6y β– 1.1E–09 2.5E–08 F – –
Nb-94 2.03E4y β– 1.7E–09 4.9E–08 S 1.8E–13 5.4E–12
Tc-99 2.13E5y β– 6.4E–10 1.3E–08 S 2.1E–18 2.3E–16
Pd-107 6.5E6y β– 3.7E–11 5.9E–10 S – –
Ag-108m 127y EC,IT 2.3E–09 3.7E–08 S 1.7E–13 5.6E–12
Cd-113m 13.6y β– 2.3E–08 1.1E–07 F 1.2E–17 6.4E–15
Sn-126 1.0E5y β– 4.7E–09 2.8E–08 M 2.5E–15 1.7E–13
I-129 1.57E7y β– 1.1E–07 3.6E–08 F 1.8E–16 7.0E–14
Ba-133 10.74y EC 1.5E–09 1.0E–08 S 3.5E–14 1.3E–12
Cs-135 2.3E6y β– 2.0E–09 8.6E–09 S 6.2E–19 9.7E–17
Cs-137 30.0y β– 1.3E–08 3.9E–08 S 1.6E–17 1.1E–14
Sm-151 90y β– 9.8E–11 4.0E–09 M 1.3E–20 1.3E–17
Eu-152 13.33y β–,EC,β+ 1.4E–09 4.2E–08 M 1.3E–13 3.9E–12
Ho-166m 1.20E3y β– 2.0E–09 1.2E–07 M 1.9E–13 5.9E–12
Pb-210 22.3y β– 6.9E–07 5.6E–06 S 3.8E–17 7.7E–15
Po-210 138.38d α 1.2E–06 4.3E–06 S 9.5E–19 2.9E–17
Ra-226 1,600y α 2.8E–07 9.5E–06 S 5.6E–16 2.2E–14
Ac-227 21.773y β–,α 1.1E–06 5.5E–04 F 8.6E–18 5.1E–16
Th-228 1.9131y α 7.2E–08 4.0E–05 S 1.4E–16 7.7E–15
Th-229 7,340y α 4.9E–07 2.4E–04 F 5.6E–15 2.8E–13
Th-230 7.7E4y α 2.1E–07 1.0E–04 F 2.1E–17 2.3E–15
Pa-231 3.276E4y α 7.1E–07 1.4E–04 M 3.4E–15 1.4E–13
U-232 72y α 3.3E–07 3.7E–05 S 1.5E–17 2.9E–15
U-233 1.585E5y α 5.1E–08 9.6E–06 S 2.4E–17 2.2E–15
U-234 2.445E5y α 4.9E–08 9.4E–06 S 6.6E–18 2.1E–15
U-235 703.8E6y α 4.7E–08 8.5E–06 S 1.3E–14 5.0E–13
U-236 2.3415E7y α 4.7E–08 8.7E–06 S 3.4E–18 1.8E–15
Np-237 2.14E6y α 1.1E–07 5.0E–05 F 1.3E–15 9.1E–14
Pu-238 87.74y SF,α 2.3E–07 1.1E–04 F 2.2E–18 2.3E–15
U-238 4.468E9y SF,α 4.5E–08 8.0E–06 S 1.5E–18 1.5E–15
Pu-239 24,065y α 2.5E–07 1.2E–04 F 5.1E–18 1.0E–15
Pu-240 6,537y SF,α 2.5E–07 1.2E–04 F 2.2E–18 2.2E–15
Am-241 432.2y α 2.0E–07 9.6E–05 F 7.2E–16 8.4E–14
Pu-241 14.4y α,β– 4.8E–09 2.3E–06 F 1.0E–19 6.2E–18
Am-242m 152y α,IT 1.9E–07 9.2E–05 F 2.8E–17 8.1E–15
Pu-242 3.763E5y SF,α 2.4E–07 1.1E–04 F 1.9E–18 1.8E–15
Cm-242 162.8d SF,α 1.2E–08 5.9E–06 S 2.5E–18 2.5E–15
Am-243 7,380y α 2.0E–07 9.6E–05 F 2.4E–15 1.7E–13
Cm-243 28.5y α,EC 1.5E–07 6.9E–05 F 1.0E–14 4.2E–13
Cm-244 18.11y SF,α 1.2E–07 5.7E–05 F 1.7E–18 2.3E–15
Cm-245 8,500y α 2.1E–07 9.9E–05 F 5.9E–15 2.9E–13
Cm-246 4,730y SF,α 2.1E–07 9.8E–05 F 1.6E–18 2.1E–15

* Dose coefficient used for ingestion of water (Leggett 2004).
1 Decay modes: β– for beta minus decay, β+ for beta plus decay, EC for electron capture, α for alpha decay, IT for 
isometric transition, and SF for spontaneous fission.
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Table 3-4. Dose coefficients (Sv Bq–1) for exposure from ingestion (doseCoef_ing) and inhalation 
(doseCoef_inh) (ICRP 1996) for short-lived progeny not explicitly modelled. Dose coefficients 
(Sv h–1 per Bq m–3 and Sv h–1 per Bq m–2) for external exposure (doseCoef_ext and doseCoef_ext_
surf) (Eckerman and Leggett 1996, Eckerman and Ryman 1993) due to spatially uniformly distrib-
uted radionuclides to an infinite depth and surface exposure respectively. Values include only 
radiations emitted by the indicated radionuclide. 

Radionuclide Half-life Decay Ingestion Inhalation Type External exposure
 – modes3 Sv Bq–1 Sv Bq–1 – Sv h–1 per Bq m–3 Sv h–1 per Bq m–2

Y-90 64.0h β– 2.7E–09 1.5E–09 S 7.7E–16 3.9E–13
Ag-108 2.37m EC,β+,β– – – – 2.2E–15 3.2E–13
Sb-126 12.4d β– 2.4E–09 3.2E–09 S 3.1E–13 9.8E–12
Sb-126m 19.0m IT,β– 3.6E–11 2.0E–11 S 1.7E–13 5.6E–12
Ba-137m 2.552m IT – – – 6.5E–14 2.1E–12
Tl-207 4.77m β– – – – 4.4E–16 2.0E–13
Tl-208 3.07m β– – – – 4.2E–13 1.1E–11
Pb-209 3.253h β– 5.7E–11 6.1E–11 S 1.5E–17 1.1E–14
Tl-209 2.20m β– – – – 2.4E–13 6.9E–12
Bi-210 5.012d β– 1.3E–09 9.3E–08 M 1.1E–16 1.3E–13
Bi-211 2.14m α,β– – – – 4.6E–15 1.6E–13
Pb-211 36.1m β– 1.8E–10 1.2E–08 S 5.6E–15 3.4E–13
Po-211 0.516s α – – – 8.6E–16 2.7E–14
Bi-212 60.55m β–,α 2.6E–10 3.1E–08 M 2.1E–14 8.1E–13
Pb-212 10.64h β– 6.0E–09 1.9E–07 S 1.2E–14 4.9E–13
Po-212 0.305us α – – – – –
Bi-213 45.65m β–,α 2.0E–10 3.0E–08 M 1.4E–14 6.0E–13
Po-213 4.2us α – – – – –
Bi-214 19.9m β– 1.1E–10 1.4E–08 M 1.8E–13 5.2E–12
Pb-214 26.8m β– 1.4E–10 1.5E–08 S 2.4E–14 8.6E–13
Po-214 164.3us α – – – 9.3E–18 2.9E–16
Po-215 0.001780s α – – – 1.8E–17 6.0E–16
Po-216 0.15s α – – – 1.9E–18 5.8E–17
At-217 0.0323s α – – – 3.2E–17 1.1E–15
At-218 2s α – – – 9.4E–17 1.3E–14
Po-218 3.05m α,β– – – – 1.0E–18 3.1E–17
Rn-219 3.96s α – – – 5.5E–15 1.9E–13
Rn-220 55.6s α 3.5E–091 2.1E–082 – 4.1E–17 1.3E–15
Fr-221 4.8m α – – – 2.7E–15 1.0E–13
Rn-222 3.8235d α – – – 4.2E–17 1.4E–15
Fr-223 21.8m β– 2.4E–09 8.9E–10 F 3.5E–15 2.8E–13
Ra-223 11.434d α 1.0E–07 8.7E–06 S 1.1E–14 4.4E–13
Ra-224 3.66d α 6.5E–08 3.4E–06 S 9.1E–16 3.3E–14
Ac-225 10.0d α 2.4E–08 8.5E–06 S 1.1E–15 5.3E–14
Ra-225 14.8d β– 9.9E–08 7.7E–06 S 1.7E–16 3.9E–14
Th-227 18.718d α 8.8E–09 1.0E–05 S 9.3E–15 2.5E–13
Th-231 25.52h β– 3.4E–10 3.3E–10 S 6.2E–16 5.6E–14
Pa-233 27.0d β– 8.7E–10 3.9E–09 S 1.8E–14 6.7E–13
Pa-234 6.70h β– 5.1E–10 4.0E–10 S 2.1E–13 6.5E–12
Pa-234m 1.17m β–,IT – – – 1.9E–15 3.9E–13
Th-234 24.10d β– 3.4E–09 7.7E–09 S 4.1E–16 2.7E–14
U-237 6.75d β– 7.6E–10 1.9E–09 S 9.3E–15 4.4E–13
Np-238 2.117d β– 9.1E–10 3.5E–09 F 6.3E–14 1.9E–12
Np-239 2.355d β– 8.0E–10 1.0E–09 S 1.3E–14 5.5E–13
Am-242 16.02h EC,β– 3.0E–10 2.0E–08 S 8.6E–16 5.8E–14

1 (NRC 1999).
2 (ICRP 1993) recommended mean value.
3 Decay modes: β– for beta minus decay, β+ for beta plus decay, EC for electron capture, α for alpha decay, IT for 
isometric transition, and SF for spontaneous fission.
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Table 3-5. Dose coefficients (Sv Bq–1) for exposure from ingestion (doseCoef_ing) and inhalation 
(dose_coef_inh) (ICRP 1996). Dose coefficients (Sv h–1 per Bq m–3 and Sv h–1 per Bq m–2) for exter-
nal exposure (doseCoef_ext and doseCoef_ext_surf) (Eckerman and Leggett 1996, Eckerman and 
Ryman 1993) due to spatially uniformly distributed radionuclides to an infinite depth and surface 
exposure respectively. Values include radiations emitted by the indicated radionuclide as well as 
the contribution from short-lived radioactive progeny. 

Radionuclide Ingestion Inhalation External exposure
 Sv Bq–1 Sv Bq–1 Sv h–1 per Bq m–3 Sv h–1 per Bq m–2

H-3 1.8E–11 2.6E–10 – –
C-14 5.8E–10 6.2E–12 2.1E–19 4.6E–17
Cl-36 9.3E–10 7.3E–09 4.8E–17 4.0E–14
Ca-41 1.9E–10 1.8E–10 – –
Ni-59 6.3E–11 4.4E–10 – –
Co-60 3.4E–09 3.1E–08 3.0E–13 8.3E–12
Ni-63 1.5E–10 1.3E–09 – –
Se-79 2.9E–09 6.8E–09 2.9E–19 5.9E–17
Sr-90+ 3.1E–08 1.6E–07 7.9E–16 4.0E–13
Mo-93 3.1E–09 2.3E–09 8.0E–18 1.4E–14
Nb-93m 1.2E–10 1.8E–09 1.4E–18 2.5E–15
Zr-93 1.1E–09 2.5E–08 – –
Nb-94 1.7E–09 4.9E–08 1.8E–13 5.4E–12
Tc-99 6.4E–10 1.3E–08 2.1E–18 2.3E–16
Pd-107 3.7E–11 5.9E–10 – –
Ag-108m+ 2.3E–09 3.7E–08 1.7E–13 5.6E–12
Cd-113m 2.3E–08 1.1E–07 1.2E–17 6.4E–15
Sn-126+ 5.1E–09 2.8E–08 2.1E–13 7.1E–12
I-129 1.1E–07 3.6E–08 1.8E–16 7.0E–14
Ba-133 1.5E–09 1.0E–08 3.5E–14 1.3E–12
Cs-135 2.0E–09 8.6E–09 6.2E–19 9.7E–17
Cs-137+ 1.3E–08 3.9E–08 6.2E–14 2.0E–12
Sm-151 9.8E–11 4.0E–09 1.3E–20 1.3E–17
Eu-152 1.4E–09 4.2E–08 1.3E–13 3.9E–12
Ho-166m 2.0E–09 1.2E–07 1.9E–13 5.9E–12
Pb-210+ 6.9E–07 5.6E–06 1.4E–16 1.3E–13
Po-210 1.2E–06 4.3E–06 9.5E–19 2.9E–17
Ra-226+ 2.8E–07 9.5E–06 2.0E–13 6.1E–12
Ac-227+ 1.2E–06 5.5E–04 3.6E–14 1.7E–12
Th-228+ 1.4E–07 4.4E–05 1.9E–13 5.2E–12
Th-229+ 6.1E–07 2.4E–04 2.9E–14 1.2E–12
Th-230 2.1E–07 1.0E–04 2.1E–17 2.3E–15
Pa-231 7.1E–07 1.4E–04 3.4E–15 1.4E–13
U-232 3.3E–07 3.7E–05 1.5E–17 2.9E–15
U-233 5.1E–08 9.6E–06 2.4E–17 2.2E–15
U-234 4.9E–08 9.4E–06 6.6E–18 2.1E–15
U-235+ 4.7E–08 8.5E–06 1.3E–14 5.6E–13
U-236 4.7E–08 8.7E–06 3.4E–18 1.8E–15
Np-237+ 1.1E–07 5.0E–05 1.9E–14 7.6E–13
Pu-238 2.3E–07 1.1E–04 2.2E–18 2.3E–15
U-238+ 4.8E–08 8.0E–06 3.0E–15 4.4E–13
Pu-239 2.5E–07 1.2E–04 5.1E–18 1.0E–15
Pu-240 2.5E–07 1.2E–04 2.2E–18 2.2E–15
Am-241 2.0E–07 9.6E–05 7.2E–16 8.4E–14
Pu-241+ 4.8E–09 2.3E–06 3.3E–19 1.7E–17
Am-242m+ 1.9E–07 9.2E–05 1.2E–15 7.5E–14
Pu-242 2.4E–07 1.1E–04 1.9E–18 1.8E–15
Cm-242 1.2E–08 5.9E–06 2.5E–18 2.5E–15
Am-243+ 2.0E–07 9.6E–05 1.6E–14 7.3E–13
Cm-243 1.5E–07 6.9E–05 1.0E–14 4.2E–13
Cm-244 1.2E–07 5.7E–05 1.7E–18 2.3E–15
Cm-245 2.1E–07 9.9E–05 5.9E–15 2.9E–13
Cm-246 2.1E–07 9.8E–05 1.6E–18 2.1E–15

+ Dose coefficients include contribution from short-lived radioactive progeny assuming secular equilibrium. 
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3.4.1 Exposure to contaminated air following the combustion of peat or wood 
The combustion of contaminated peat or wood may result in doses to humans by exposure to con-
taminated air (Stenberg and Rensfeldt 2014). In SR-PSU it has been assumed that peat or wood from 
each of the biosphere objects may be used for combustion in a household for heat production with 
exposure to an individual staying within 0–200 m of the release. It is assumed that the household 
combusts 3,440 kgdw peat per year or 4,000 kgdw wood per year (the fuel required to sustain an 
energy consumption of 20,000 kWh year–1, assuming an energy content of 5.8 kWh kgdw–1 for peat 
and 5 kWh kgdw–1 for wood (Stenberg and Rensfeldt 2014)). Dose conversion factors (DFcombustion) 
for the exposure by inhalation of contaminated air following the combustion of peat or wood with an 
assumed unit activity concentration (Sv year–1 per Bq kgdw–1) in a household are given in Table 3-6 
(Stenberg and Rensfeldt 2014, Table 3-7).

The dose conversion factors include the dose contribution of the short-lived progeny by adding the 
dose contribution to the dose coefficient of the parent in the same way as for the other dose coeffi-
cients presented above. 

Table 3-6. Dose conversion factors (Sv year–1 per Bq kgdw–1) for the exposure by inhalation of 
contaminated air following the combustion of peat or wood (doseCoef_comb_wood, doseCoef_
comb_peat) in a household with an energy consumption of 20,000 kWh year–1. The dose conver-
sion factors are calculated assuming exposure to an individual moving uniformly within 0–200 m 
from the release. 

Radio-
nuclide

Inhalation after  
combustion of peat  
Sv year–1 per Bq kgdw–1

Inhalation after  
combustion of wood  
Sv year–1 per Bq kgdw–1

Radio-
nuclide

Inhalation after  
combustion of peat  
Sv year–1 per Bq kgdw–1

Inhalation after  
combustion of wood  
Sv year–1 per Bq kgdw–1

Ac-227 1.04E–06 1.20E–06 Np-237 9.47E–08 1.09E–07
Ag-108m 7.01E–11 8.06E–11 Pa-231 2.65E–07 3.05E–07
Am-241 1.82E–07 2.09E–07 Pb-210 1.06E–08 1.22E–08
Am-242m 1.74E–07 2.01E–07 Pd-107 1.12E–12 1.29E–12
Am-243 1.82E–07 2.09E–07 Po-210 8.14E–09 9.37E–09
Ba-133 1.89E–11 2.18E–11 Pu-238 2.08E–07 2.40E–07
C-14 1.17E–14 1.35E–14 Pu-239 2.27E–07 2.62E–07
Ca-41 3.41E–13 3.92E–13 Pu-240 2.27E–07 2.62E–07
Cd-113m 2.08E–10 2.40E–10 Pu-241 4.36E–09 5.01E–09
Cl-36 1.38E–11 1.59E–11 Pu-242 2.08E–07 2.40E–07
Cm-242 1.12E–08 1.29E–08 Ra-226 1.80E–08 2.07E–08
Cm-243 1.31E–07 1.50E–07 Se-79 1.29E–11 1.48E–11
Cm-244 1.08E–07 1.24E–07 Sm-151 7.57E–12 8.72E–12
Cm-245 1.87E–07 2.16E–07 Sn-126 5.38E–11 6.19E–11
Cm-246 1.86E–07 2.14E–07 Sr-90 3.06E–10 3.52E–10
Co-60 5.87E–11 6.76E–11 Tc-99 2.46E–11 2.83E–11
Cs-135 1.63E–11 1.87E–11 Th-228 8.25E–08 9.50E–08
Cs-137 7.39E–11 8.50E–11 Th-229 4.56E–07 5.25E–07
Eu-152 7.95E–11 9.15E–11 Th-230 1.89E–07 2.18E–07
H-3 4.92E–13 5.67E–13 U-232 7.01E–08 8.06E–08
Ho-166m 2.27E–10 2.62E–10 U-233 1.82E–08 2.09E–08
I-129 6.82E–11 7.85E–11 U-234 1.78E–08 2.05E–08
Mo-93 4.36E–12 5.01E–12 U-235 1.61E–08 1.85E–08
Nb-93m 3.41E–12 3.92E–12 U-236 1.65E–08 1.90E–08
Nb-94 9.28E–11 1.07E–10 U-238 1.52E–08 1.75E–08
Ni-59 8.33E–13 9.59E–13 Zr-93 4.73E–11 5.45E–11
Ni-63 2.46E–12 2.83E–12
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3.4.2 Exposure to progeny radionuclides in agricultural lands
The radionuclide transport model calculates analytically activity concentrations in agricultural soils 
depending on different source terms. These activity concentrations are either an average activity con-
centration during 50 years of agriculture or steady state solutions. As described in radionuclide trans-
port model description, these activity concentrations do not take into account the potential exposure 
due to longer-lived radioactive progeny that may build up during this 50-year period.

To handle the potential contribution due to exposure from longer-lived radioactive progeny the scal-
ing factors (dose_ingrowth_agri_ext/inh/ing, unitless) presented in Table 3-7 are used. These scal-
ing factors are calculated by taking the quotient between the 50 years average of the exposure due 
to a unit concentration taking into account ingrowth and exposure to longer-lived progeny and the 
50 year average of corresponding exposure not taking into account ingrowth of longer-lived progeny 
radionuclides.

Table 3-7. Scaling factors (dose_ingrowth_agri_ext/inh/ing, unitless) taking into account contri-
bution of exposure from long-lived radioactive progeny in agricultural lands.

Radionuclide External Inhalation Ingestion Radionuclide External Inhalation Ingestion

Ac-227 1 1 1 Np-237 1 1 1
Ag-108m 1 1 1 Pa-231 6.3 3.0 1.8
Am-241 1 1 1 Pb-210 1.006 1.7 2.7
Am-242m 1.002 1.2 1.2 Pd-107 1 1 1
Am-243 1 1.001 1.001 Po-210 1 1 1
Ba-133 1 1 1 Pu-238 1 1 1
C-14 1 1 1 Pu-239 1 1 1
Ca-41 1 1 1 Pu-240 1 1 1
Cd-113m 1 1 1 Pu-241 114.9 3.2 3.2
Cl-36 1 1 1 Pu-242 1 1 1
Cm-242 1.1 4.1 4.2 Ra-226 1 1.5 4.3
Cm-243 1 1.001 1.001 Se-79 1 1 1
Cm-244 1.004 1.007 1.007 Sm-151 1 1 1
Cm-245 1.002 1.033 1.032 Sn-126 1 1 1
Cm-246 1 1 1 Sr-90 1 1 1
Co-60 1 1 1 Tc-99 1 1 1
Cs-135 1 1 1 Th-228 1 1 1
Cs-137 1 1 1 Th-229 1 1 1
Eu-152 1 1 1 Th-230 107.7 1.001 1.049
H-3 1 1 1 U-232 11,528 2.1 1.4
Ho-166m 1 1 1 U-233 3.8 1.1 1.028
I-129 1 1 1 U-234 1.1 1.002 1.001
Mo-93 1.1 1.5 1.023 U-235 1.001 1.022 1.013
Nb-93m 1 1 1 U-236 1 1 1
Nb-94 1 1 1 U-238 1 1 1
Ni-59 1 1 1 Zr-93 1 1.042 1.1
Ni-63 1 1 1
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4 Landscape geometries

The safety assessment spans a long time scale; the largest changes in the landscape are seen before 
20,000 AD. During this period, the coastal landscape will develop into an inland landscape, where 
most of the lakes develop into mires. Consequently the modelling time frame for the Landscape 
Developmental Model, LDM (SKB 2014c), is from the present to 40,000 AD. The LDM is based 
on data from a large number of different sources, e.g. the Digital Elevation Model, DEM (Ström-
gren and Brydsten 2013), the coupled Regolith-Lake Development Model, RLDM, (Brydsten and 
Strömgren 2013) and Regolith Depth Model, RDM (Sohlenius et al. 2013). 

The LDM is used to describe geometric and time-dependent properties of the biosphere objects over 
time. By following the development of each biosphere object in the LDM, a large number of data 
have been extracted and used as input parameters in the radionuclide transport model for the bio-
sphere. These parameters are areas of the biosphere objects, parameters describing transition stages, 
thicknesses of regolith layers and rates of sedimentation, resuspension and ingrowth of peat. These 
parameters are described in Sections 4.3 to 4.5. 

The parameters that describe the landscape geometries have not been assigned probability density 
distribution functions. However, an alternative modelling approach was undertaken in order to study 
the effect of alternative delineations of the most affected biosphere object 157_2. In this approach, 
a number of parameters were assigned alternative values (area_obj, area_obj_ter, z_regoLow, z_
regoGL, z_regoPG_ter and hydrological fluxes). This approach is presented in detail in the SKB 
(2014c) and the alternative parameters are described in Section 12.3 of this report.

4.1 Experience from previous safety assessments
The landscape modelling in SR-Site (Lindborg 2010, Lindborg et al. 2013) has been further devel-
oped and a number of improvements have been included in the LDM for SR-PSU (see also Brydsten 
and Strömgren 2013, SKB 2014c). Below are some of the improvements affecting the parameterisa-
tion in SR-PSU that were not included in the parameterisation in SR-Site.

• The new Digital Elevation Model, DEM, reported in Strömgren and Brydsten (2013) was used 
as input.

• An improved RDM based on new data showing stratigraphy, bathymetry (DEM) and distribution 
of Quaternary Deposits (QD) at the location of the present SFR was used (Sohlenius et al. 2013).

• Erodible material at the biosphere object threshold has been accounted for, when delineating the 
lake basin, which means that the extent of the object may differ in comparison with SR-Site bio-
sphere objects (Brydsten and Strömgren 2013).

• The rate of ingrowth in shallow bays was adjusted in order to better fit the pattern of the recent 
past (Brydsten and Strömgren 2013).

• The sedimentation of glacial clay in the sea stage is included with the aim of introducing a more 
dynamic description of the glacial clay deposits in the landscape (Brydsten and Strömgren 2013). 

• The wave model uses only a windspeed of 20 m s–1 as a result of a sensitivity analysis that sug-
gested this limit (Brydsten and Strömgren 2013).

4.2 Influence of climate on parameter values
Climate changes have implications for some of the parameters presented in this chapter. The thick-
ness of the peat layer is dependent on the balance between net primary production and mineralisa-
tion. This means that the ingrowth of peat may be faster during certain climate conditions and slower 
during permafrost conditions. The ingrowth during temperate conditions is considered to be a good 
estimate that will suitably represent somewhat colder and warmer conditions (see comparison with 
field estimates in Löfgren 2010). In the modelling of permafrost conditions, the peat ingrowth, 
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sedimentation rate and resuspension rate are adjusted to a significantly lower level than for the base 
case (Brydsten and Strömgren 2013). However, the permafrost period occurs in the far future when all 
the relevant lakes already have been terrestrialised, meaning that the change in ingrowth will have no 
impact on the modelling results.

In the extended global warning case, the sea level will increase rather fast in the near future, this sea-
level rise will be compensated by the isostatic uplift, giving no change in shore line location. This 
eustatic sea-level rise will then decrease and return to the levels estimated according to the base case 
shoreline regression predictions (SKB 2014d). In the calculation case of extended global warming, the 
landscape development (shore line displacement) is assumed to be delayed by 1,000 year (in compari-
son to the base case). Therefore the time dependent parameters presented below is shifted 1,000 years, 
meaning that the data presented for year 2000 is used for the year 1000 in this calculation case. 

For the periglacial calculation case taliks are modelled in object 157_1 and 114. For object 114 geo-
metric data for the year 17,500 AD are presented in Section 4.6. For object 157_1 the same data as for 
the base case are used for the period up to 17,500 AD (the year when the first permafrost occurs). For 
the permafrost period, 17,500 to 20,500 AD data for the year 17,500 AD are used. 

For glacial condition, the simulations starts at year –9, 350 and ends at present (year 2000). 

The other parameters are regarded to have robust values that are reasonable within the suggested 
ranges of potential temperatures and precipitation. 

4.3 Parameters describing developmental stages of the 
biosphere object 

The transitions of biosphere objects from marine basins to shallow sea bays, lakes and mires are driven 
by land-rise. These transitions are initiated when certain thresholds for the biosphere object are reached. 
The time at which a threshold is reached, for instance the year when the isolation of a lake starts, 
is used to specify the occurrence of a transition, in this case from a bay into a lake. These times of 
exceedance of thresholds are also used to determine when certain activities, e.g. draining of a mire, 
are possible. The thresholds are also used to interpolate other parameters between sea and lake stages, 
e.g. water fluxes and net primary production. 

These parameter values are derived from the time series describing the development of the biosphere 
objects (Brydsten and Strömgren 2013).

4.3.1 Time at which lake isolation starts 
Lakes are formed due to land-rise, which isolates marine basins from the adjacent marine areas. When 
the biosphere object has reached a certain height above sea level, the marine area will start to develop 
into a lake. The year when this threshold is reached is defined as the parameter, threshold_start. At 
this time, the marine basin becomes an isolated lake basin for short periods of the year. This time 
point is determined as the time when the lake threshold reach the sea level at periods of extreme low 
sea levels (1.2 m below the average sea level). For biosphere objects that develop into a wetland 
without having a lake stage, the parameter describes the year when land starts to appear within the 
biosphere object. The threshold_start values for each basin are presented in Table 4-1.

4.3.2 Time of complete isolation 
The parameter, threshold_stop, represents the year when the isolation of a lake from a marine object is 
complete. Sea-level changes during a year make the transformation from marine to limnic conditions 
less clear. Therefore, in addition to a year describing the start of the isolation (see above) a stop year 
is also presented. The threshold_stop year represents the year where there is no longer any saltwater 
intrusion into the lake basin as the lake threshold is above the sea level even under periods of extreme 
high sea levels (1.0 m above the average sea level). For biosphere objects that develop into a wetland 
without having a lake stage this parameter describes the time when the complete biosphere object is 
above sea level at extreme high sea level. This also represents the time from when it is possible to drain 
and use the mire as agricultural land. The threshold_stop values for each basin are presented in Table 4-1.
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4.3.3 Time when it is possible to use a well 
For all objects except object 157_2 and 121_2 the time when it is possible to dig or drill a well is the 
same as the time when the isolation of a lake (threshold_stop above). That is when the object is 1 m 
above the sea level and salt water intrusions are unlikely to spoil the well water. For object 157_2 
and object 121_2 the time when is it possible to dig or drill a well is time when the highest elevated 
part of the object is located 1 meter above sea level.

4.3.4 Time of isolation 
The parameter, threshold_isolation, is the year when a lake is isolated from regular saltwater intrusions, 
and corresponds to the time point when the lake threshold reach the average sea level. However, for 
the two objects lacking a lake stage the corresponding time is when the object is considered to be 
completely above normal sea level. The threshold_isolation values for each basin are presented in 
Table 4-1.

4.3.5 Time when land areas start to appear in the object 
The parameter, threshold_land, describes the time when the mire starts to appear in the biosphere 
object (shown in Table 4-1). This year occurs before the year threshold_start since reed ingrowth 
in shallow marine bays starts before the isolation of a lake. 

4.3.6 Time when the whole biosphere object is turned into a wetland 
The parameter, threshold_end, describes the time point when the lake basin has been filled with peat 
and the whole biosphere object has become a wetland (Table 4-1). 

Table 4-1. Threshold_start and threshold_stop represent the start and stop of the isolation period 
for each basin in Forsmark. Threshold_isolation is the time point when the lake is isolated or when 
the mire object is above the sea level (when a lake stage is missing). Threshold_land is the time 
when land appears in the biosphere object and Threshold_end is the time point when the lake 
basin is filled with peat. Threshold_well is the year when it is possible to use a well in the object. 

Biosphere 
object

threshold _start  
(year AD)

threshold_stop 
(year AD) 

threshold_isolation 
(year AD)

threshold_land 
(year AD)

threshold_end 
(year AD)

threshold_well 
(year AD)

116 4307 4734 4540 4001 9900 4734
121_1 3592 4003 3818 3501 6400 4003
121_2 2613 3886 3683 2501 4000 2793
157_1 4261 4687 4493 4001 5700 4687
157_2 2984 4485 4276 2501 4500 3169
159 3856 4273 4084 3501 7600 4273
160 2990 3390 3210 2501 8800 3390

4.4 Parameters describing biosphere object geometries
The biosphere objects will develop over time due to land-rise. The geometries of the objects will 
therefore be altered in time (see Chapter 2). The regolith compartments are described in Chapter 2 
and in Saetre et al. (2013a). The thicknesses of the compartments are object specific and derived 
from the RLDM (Brydsten and Strömgren 2013). The thicknesses of the postglacial sediments and 
the anoxic peat layer change with time whereas the thicknesses of the till, glacial clay and oxic peat/
sediment layers are constant over time. 

4.4.1 Total size of biosphere objects after isolation from the sea 
The parameter, area_obj, describes the total size of the lake/terrestrial biosphere object at the time of 
isolation from the sea. The areas of the biosphere objects were derived using the locations of radio-
nuclide discharge from the host rock and the RDLM model (SKB 2014c). The area of the object is 
not time-dependent. 
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Table 4-2. Size of the different biosphere objects after isolation from the sea (area_obj).

Biosphere object area_obj (m2)

116 1,491,600
121_1 270,000
121_2 176,524
157_1 103,600
157_2 146,704
159 103,200
160 158,400

4.4.2 Surface area of the aquatic part of each biosphere object 
The parameter, area_obj_aqu, represents the surface area of the aquatic part of each biosphere 
object and is calculated for each time-step used in the radionuclide transport model for the bio-
sphere. The aquatic area of the biosphere object is constant for most of the time during the marine 
stage. However, when the marine basins get shallower and closer to becoming lakes, the aquatic 
area of each object decreases, as part of the basin becomes land. Generally, the lake area is less 
than the total biosphere object area (area_obj) even in the first lake stage, due to reed ingrowth in 
the shallow bay stage. The data are object- and time-dependent, the data set used is presented in 
Appendix C. 

4.4.3 Surface area of the terrestrial part of the biosphere objects
The parameter, area_obj_ter, represents the surface area covered with peat in a biosphere object and 
is calculated for each time-step used in the radionuclide transport model for the biosphere. This area 
starts to build up in the shallow bay stage, depending on how the water depth of the bay meets the 
criteria set for when reed may establish and expand. The maximum area of the mire is equal to the 
area_obj presented in Table 4-2. The data are object- and time-dependent, the data set used is pre-
sented in Appendix C. 

 
4.4.4 Average depth of water 
The parameter, z_water, represents the average water depth in a biosphere object (for the marine 
basin or the lake) and is calculated for each time-step used in the radionuclide model. The data are 
object- and time-dependent, the data set used is presented in Appendix C. 

4.4.5 Thickness of glacial till layer 
This parameter (z_regoLow) represents the total thickness of the glacial till covering the bedrock 
surface in the biosphere objects. The thickness and distribution of this layer is constant over time, 
from the deglaciation onwards. The distribution and thickness of clayey till with a low frequency of 
boulders originates from the RDM (Sohlenius et al. 2013). 

Table 4-3. Mean thickness (m) of the lower regolith (z_regoLow) below the identified biosphere 
objects.

Biosphere object Mean thickness (m)

116 2.99
121_1 6.26
121_2 3.97
157_1 3.14
157_2 2.34
159 2.46
160 2.21
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4.4.6 Thickness of the glacial clay layer 
The parameter z_regoGL represents the mean thickness of glacial clay covering the till and bedrock 
surface from the deglaciation onwards. The glacial clay accumulates during the marine stage, but 
the thickness and distribution of this layer is regarded as constant over time as soon as the biosphere 
object is above the Baltic Sea shoreline. The thickness of the glacial clay layer is based on the pre-
sent distribution of glacial clay, as obtained from the regolith map in Sohlenius et al. (2013), on 
which a layer of clay was superimposed to represent the situation after the latest deglaciation. The 
erosion of glacial clay through time was thereafter modelled by Brydsten and Strömgren (2013) 
(See also discussion in Chapter 5 and in SKB 2014c). The values presented in Table 4-4 are means 
for each marine basin prior to isolation and also represent the glacial clay in the lakes and below 
the mires. 

Table 4-4. Mean thickness (m) of the glacial clay (z_regoGL) below the identified biosphere 
objects when they are in a late sea stage (these values are expected to be valid also for later 
stages). 

Biosphere object Mean thickness (m)

116 2.35
121_1 2.62
121_2 0.61
157_1 1.39
157_2 0.184
159 0.37
160 0.43

4.4.7 Thickness of the postglacial gyttja clay in lakes
The parameter z_regoPG_aqu describes the thickness of post glacial clay gyttja that start to accu-
mulate directly after deglaciation. These fine-grained sediments are rich in organic material, and are 
affected by both the rates of sedimentation and resuspension. In the RLDM clay gyttja accumulates 
in lakes, in shallow bays and in the deepest parts of the sea (Brydsten and Strömgren 2013). The 
thickness of this regolith layer is object- and time-dependent, and parameter values used are pre-
sented in Appendix C.

4.4.8 Thickness of post glacial gyttja in wetlands 
The parameter z_regoPG_ter describes the thickness of post glacial gyttja clay found below the 
peat in the wetland. This thickness represents the accumulated gyttja-clay laid down during the sea 
and lake stages, which is covered by peat in the mire (Brydsten and Strömgren 2013). The data are 
object- and time-dependent, the data set used is presented in Appendix C. 

4.4.9 Thickness of anoxic peat 
The parameter z_regoPeat describes the thickness of the anoxic and biologically inactive peat layer 
below the oxic peat layer in the wetland. The peat thickness increases with time until the lake basin 
is filled with peat. The accumulation rate of peat is dependent on the balance between net primary 
production and mineralisation. The amount of the carbon stored in the anoxic deep peat layer (kgC) 
at time t is calculated by solving the differential equation, with initial conditions of zero peat carbon 
at the time of emergence:

dSOCregoPeat

dt
= BurialC ×areaobj_ter –SOCregoUp_ter × minRateregoPeat



40 SKB R-13-18

Where;

BurialC is the yearly input of soil organic carbon to the anoxic peat layer from the surface  
 peat layer (kgC m–2 year–1), see Saetre et al. (2013a),

areaobj_ter is the surface area of covered by mire vegetation (m2),

SOCregoUp_ter is the amount of refractory soil organic carbon in the deep peat layer (kgC),

minRateregoPeat is the mineralisation rate of refractory organic carbon in the anoxic environment  
 of the peat (kgC kgC–1 year–1) (see Section 9.9).

The thickness of the layer is then calculated by dividing the amount of soil organic carbon in the 
layer (kgC) with the area (areaobj_ter, m2), density (densregoPeat, kgdw m–3) and peat carbon fraction 
(fC_peat, kgC kgdw–1):

z_regoPeat =
SOCregoPeat

areaobj_ter dens regoPeat f× × C_peat

The parameter describing the depth of the deep peat layer is object- and time-dependent, and values 
used are presented in Appendix C. 

The thickness of the oxic peat layer (z_regoUp_ter) is discussed in Section 9.7 in this report. Here it 
is simply noted that the thickness of z_regoUp is 0.3 m.

4.4.10 Illustration of time-dependent parameters
The Figure 4-1 illustrates the time-dependent landscape parameters area_obj_aqu, area_obj_ter, 
z_regoPG_ter, z_regoPG_aqu, and z_water over time. The area_obj_aqu and z_water are decreasing 
with time as the objects goes through the terristrialisation process. The area_obj_ter and the thick-
ness of the regolith compartments ( z_regoPG_aqu and z_regoPG_ter) starts to increase as thresh-
old_start is reached. 

Figure 4-1. Illustration of the time-dependent parameters for object 116. 
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4.5 Parameters related to sedimentation, resuspension and 
lake infilling

The rates of sedimentation, resuspension and ingrowth of peat in the biosphere objects are derived in 
the RLDM (Brydsten and Strömgren 2013). The data are object and time-dependent and the data set 
used are presented in Appendix C.

4.5.1 Resuspension rate
The parameter, res_rate, represents an estimate of resuspension and is calculated for each time-step 
used in the radionuclide transport model for the biosphere. Resuspension is the process by which 
abiotic and biotic material that has been deposited on the bottom sediment is reconveyed into the 
overlaying water column. A resuspended particle may be resuspended c. 60 times per year in lakes 
(Valeur et al. 1995) and more than 100 times per year in sea basins until it is permanently buried in 
the sediment or transported out of the system by water currents or a stream. Here, resuspension is 
defined as the amount of material that is subject to resuspension in a year and is expressed as kgdw 
m–2 year–1. In the model, a radionuclide is connected to a particle as soon as the particle reaches the 
sediment and therefore it is not of importance to measure the rate of resuspension, as the same par-
ticle may be counted many times. Instead it is of importance to estimate the amount of particles that 
are resuspended in a year. Resuspension is calculated for each time-step in the radionuclide transport 
model for the biosphere. It is set to zero for time-steps where the area for transport and erosion bot-
toms are zero and for remaining time-steps calculated as resuspension volume (vol_resusp) divided 
by the mean area for transport and erosion bottoms for the two time-steps t and t–1 ((area_transport-
Bottomt + area_transportBottom t–1 + area_erosionBottom t + area_erosionBottom t–1)/2) and this 
quotient is divided by the time-step length to get the unit m year–1.

The resuspension rate for periglacial conditions is based on the estimation of net sedimentation rate 
from SR-Site, (9.5×10–5 m3 m–2 year–1). The resuspension rate is assumed to be 65% of that rate. 
which is equivalent to the mean proportion of sedimentation and resuspension in 7 swedish lakes 
(Weyhenmeyer 1997).

4.5.2 Sedimentation rate 
The parameter, sed_rate, represents the net amount of particulate that is deposited on lake and 
sea bottoms during a year and is expressed in kgdw m–2 year–1. This is modelled using the RLDM 
(Brydsten and Strömgren 2013). Some of this material will permanently accumulate and some will 
be resuspended and return to the water column. Sedimentation is calculated for each time-step in the 
radionuclide model. It is calculated as a change in sediment volume divided by the mean water area 
for the two time-steps and this quotient is divided by the time-step length to get the unit m year–1. 
For the limnic phase the gross and net sedimentation rates are equal.

The sedimentation rate for periglacial conditions is based on the estimation of net sedimentation rate 
from SR-Site, (9.5×10–5), the sed_rate is the sum of the net sedimentation rate and the resuspended 
rate. 

4.5.3 Ingrowth of peat
The parameter, Ter_growth, represents the horizontal ingrowth of peat covering the lake and sea sur-
face. It is calculated as the difference in terrestrial area per time unit.  

𝑇𝑇𝑇𝑇𝑟𝑟𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ =  
𝜕𝜕𝜕𝜕𝑟𝑟𝑇𝑇𝜕𝜕_𝑜𝑜𝑜𝑜𝑜𝑜_𝑡𝑡𝑇𝑇𝑟𝑟

𝜕𝜕𝑡𝑡𝜕𝜕𝜕𝜕𝑇𝑇
  

4.6 Parameters for object 114
Object 114 is used in the periglacial calculation case since a Talik is located in the object. The 
parameters describing the geometries of this object is presented here. The thickness of the regolith 
layers are presented in Werner et al. (2013) (based on modelling in Bosson et al. 2010). The layers 
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representing marine sediment, lake sediment, surface layers and post glacial clay has been summed 
up and represent the thickness of z_regoPG_aqu. The terrestrial and aquatic area of the object is 
defined in Werner et al. (2013). 

The depth of the surface water, z_water, is the mean depth whitin the lake of object 114 in. 

Table 4-5. Geometries of object 114. 

Parameter Unit Value

area_obj m2 3.0 E+06
area_obj_ter m2 1.3E+06
area_obj_aqu m2 1.7E+06
z_water m 3.5
z_regoGL m 3.8
z_regoPG_aqu m 8.4
z_regoLow m 5.3

4.7 Parameters for object 1 and 10
Object 1 is defined as the Baltic sea. The area and average depth of the object 1 is defined in the 
SR-Site, see Table 4-6.

The basin of the Grepen, the sea basin inside of the island Gräsö, is defined as Object 10. The 
volume of object 10 changes over time, this volume is defined as the volume water of the basin 
Grepen (the basin between the main land and the island Gräso) excluding the ten biosphere objects, 
see Table 4-7. The parameter threshold_stream för object 10, defines the point in time when this 
object is no longer assumed to be marine, this year is set to year 10,000 AD, and is defined as the 
year when the water volume of the basin is no longer changing. 

Table 4-6. Parameter defining object 1, the Baltic sea. 

Parameter Value Unit

Aqu_area_obj 3.7E+11 m2

depth_aver 56 m
wat_ret 22 year

Table 4-7. Volume of water of object 10 over time. 

Year (AD) vol_water (m3)

–6500 3.E+10
–3000 2.E+10
–1000 1.E+10
0 7.E+09
1000 5.E+09
2000 3.E+09
3000 2.E+09
4000 1.E+09
5000 5.E+08
6000 2.E+08
7000 1.E+08
8000 7.E+07
9000 3.E+07
10,000 2.E+05
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5 Regolith characteristics

In this section, properties of the modelled natural regolith and cultivated soils are presented. The 
regolith layers used in the radionuclide model are described in Saetre et al. (2013a). The lowermost 
regolith layer is the RegoLow layer characterised by water saturated (anoxic) till. The till layer is 
overlaid by a layer of glacial clay, RegoGL. On top of the glacial clay layer is a layer of post gla-
cial clay, RegoPG, characterised by gyttja clay. This layer is also water saturated and anoxic. The 
peat layer overlying the post glacial clay is divided into two compartments; the lower is the water 
saturated, anoxic part of the peat column, RegoPeat, whereas the uppermost is unsaturated and oxic, 
RegoUp. 

Agriculture is assumed to be possible on glacial clay both in the infield-outland agricultural land-use 
variant and in the small-scale garden plot land-use variant. In the drained-mire agricultural land-use 
variant, agriculture is assumed to occur when a mire/lake ecosystem is drained and the underlying 
peat and gyttja is cultivated. Parameters describing the properties of agricultural soils are therefore 
presented for glacial clay, peat and gyttja in Section 5.4.

Porosities and densities are expected to be normally distributed, for many regolith layers. Some reg-
olith layers, such as peat, surficial aquatic sediments and drained cultivated peaty soils are regarded 
as representing different stages of development that are dependent on the age of the mire, lake or 
the drained mire and they are therefore assigned uniform distributions of properties, i.e. the different 
porosity and density values are taken to represent different successional stages. Similarly, the pore 
water content of agricultural soils was given a uniform distribution. Soil diffusivity is assumed to be 
log-normal distributed. Minimum and maximum values as well as standard deviations are presented 
where data are available. Data for some parameters was taken from the literature and lack, in some 
cases, information concerning the statistical distributions of the observations.

5.1 Experience from previous safety assessments
Data used for regolith parameters in the previous safety assessment, SR-Site, were re-evaluated and 
some data were excluded and some new data were included. SR-PSU also includes some regolith 
parameters that were not used in SR-Site. The main differences between SR-Site and SR-PSU are:

• In SR-Site, the properties of agricultural soils (Löfgren 2010) were mainly obtained from the lit-
erature, whereas new data from the surroundings of Forsmark were used for SR-PSU.

• In SR-PSU, the properties of cultivated soils used in garden plots and in early agricultural socie-
ties were determined. These land-use variants were not represented in SR-Site. Furthermore, the 
water content (S_w_regoUp) in soils used for agriculture was estimated for SR-PSU. 

• In SR-PSU, different regolith parameter values were used for accumulation bottoms (regoUp) in 
aquatic and marine environments. In SR-Site the same parameter value was used for both these 
environments.

• Data representing postglacial clays (RegoPG) were re-evaluated for SR-PSU and some of the 
data used in SR-Site were excluded, due to a too high uncertainty of the estimations. 

• In SR-PSU, a larger data set was used for calculating regolith parameters representing peat and till. 

5.2 Influence of climate on parameter values 
The regolith parameters are not expected to be significantly affected by a warmer climate. Peat 
properties may, however, change slightly over time, since peat accumulation and peat properties are 
sensitive to climate variations (Charman 2002). A colder climate with periglacial conditions can be 
expected to change the regolith properties. Deeper horizons will be constantly frozen, whereas the 
topsoil (active layer) may become water logged, causing increased porosity and lower dry bulk den-
sity. A colder climate may change properties of the accumulating sediments (regoPG), and a lower 
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organic carbon content may cause higher density and lower porosity of these sediments. However, 
in this safety assessment, no alternative porosities and densities for periglacial conditions have been 
assigned, since the possible differences between the regolith parameters reflecting the present cli-
matic conditions and the parameters in a periglacial environment were regarded as relatively small. 
Land-use will also change in a periglacial environment, since cultivation of soils and artificial low-
ering of the groundwater table are not likely to occur. The parameterisation of drained wetlands is 
therefore not needed for the periglacial environment. 

5.3 Density and porosity of non-cultivated soils
Densities and porosities for different regolith layers are presented in this section. Porosity is expressed 
as the volume of pores divided by the total volume of the sample. The calculation of porosity is based 
on results from analyses of water content and the content of organic material. For these calculations, it 
was assumed that the pore volume is water saturated, and that the organic and minerogenic materials 
have densities of 1 and 2.65 g cm–3, respectively. The dry bulk density is based on calculations from 
analyses of water content and the content of organic material in the same samples. Again for these 
calculations it was assumed that the organic material and minerogenic material have densities of 1 
and 2.65 g cm–3, respectively. 

5.3.1 Density and porosity of till
The lower most regolith layer is till. Dry bulk density and porosity of till is represented by the param-
eter dens_regoLow and poro_regoLow, see Table 5-1. The values presented here were obtained from 
till sampled in machine-dug trenches by Lundin et al. (2005). The data represent the different types 
of till in the Forsmark area (gravelly till-boulder clay). Samples from the uppermost 0.8 m were not 
used since the physical properties in this region may be affected by roots and soil-forming processes. 
Samples were taken using steel cylinders with a height of 5 cm and a radius of 3.6 cm. Two replicates 
were taken at each sampling site.

Table 5-1. Density and porosity of till, dens_regoLow and poro_regoLow (Lundin et al. 2005). 

N Average Stdev Min Max Distribution

Porosity (m–3 m–3) 26 0.21 0.05 0.14 0.32 Normal
Dry bulk density (kg m–3) 26 2,115 138 1,800 2,300 Normal

5.3.2 Density and porosity of glacial clay
The parameters poro_regoGL and dens_regoGL represents the porosity and dry bulk density of 
glacial clay, see Table 5-2. All analysed samples are from Lake Eckarfjärden (Nordén 2007). Glacial 
clay is a heterogeneous deposit with respect to physical properties. Layers of sand and silt, with a 
relatively high hydraulic conductivity, may occur in the deepest part of this deposit. These coarse-
grained units have a higher density and lower porosity compared with the surrounding glacial clay. 
Accordingly, properties of glacial clay in the Forsmark area may have a higher variability than 
reflected by the samples studied here. A comparison with the properties of glacial clay obtained 
during SKB’s site investigation at Laxemar-Simpevarp (Löfgren 2010) shows that the glacial clay 
at that site has a porosity and dry bulk density that are very close to the values from Forsmark. The 
average porosity of glacial clay at Laxemar-Simpevarp is 0.74 m–3 m–3 and the average dry bulk 
density is 696 kgdw m–3 (11 samples were analysed).

Table 5-2. Density and porosity of glacial clay, dens_regoGL and poro_regoGL (Nordén 2007).

N Average Stdev Min Max Distribution

Porosity (m–3 m–3) 6 0.75 0.03 0.69 0.78 Normal
Dry bulk density (kgdw m–3) 6 673 79 582 818 Normal
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5.3.3 Density and porosity of postglacial clay gyttja
The parameters poro_regoPG and dens_regoPG represent the porosity and dry bulk density of post-
glacial clay gyttja see Table 5-3. In the Forsmark area the postglacial clay contains organic material 
and is therefore characterised as clay gyttja (clay with an organic content between 6 and 20%). Some 
of the lake sediments attributed to regoPG have an even higher organic content and are in fact char-
acterised as gyttja (organic content > 20%).

All data were obtained from sediments sampled in seabays (Sternbeck et al. 2006). The organic 
carbon content is, however, higher in corresponding lake sediments (Hedenström and Sohlenius 
2008). The dry bulk densities are therefore likely to be lower in corresponding lake sediments com-
pared with the values presented here. On the other hand, all data presented here are from the upper-
most metre of sediments. Density and porosity can be expected to be higher and lower, respectively, 
in deeper-lying sediments due to compaction by overlying deposits. It is consequently uncertain if 
the parameter values presented in Table 5-3 are representative for all regoPG and it can be suspected 
that the porosity and dry bulk densities of regoPG generally are lower and higher, respectively. The 
difference would be expected to be included in the given distribution. 

Table 5-3. Density and porosity of postglacial clays, mainly clay gyttja dens_regoPG and  
poro_regoPG (Sternbeck et al. 2006).

N Average Stdev Min Max Distribution

Porosity (m–3 m–3) 6 0.92 0.01 0.90 0.93 Normal
Dry bulk density (kg m–3) 6 182 29 156 222 Normal

5.3.4 Density and porosity of anoxic peat
The parameters poro_regoPeat and dens_regoPeat represent the porosity and dry bulk density of the 
anoxic layer of peat (Table 5-4 and Table 5-5 ), which is the lower regolith layer in wetlands. The 
anoxic layer consists of the peat below 30 cm depth. Peat above that level is assumed to be oxic and 
is attributed to the terrestrial RegoUp compartment. 

The values presented here reflect the properties of fen peat in the Forsmark region. Samples with 
Sphagnum peat were omitted, since these samples are considered to reflect the properties of bog 
peat, which is characterised by rain-fed production on the bog plane and has restricted connection to 
the groundwater. Bogs are consequently of less interest in a safety assessment, since radionuclides 
discharging in groundwater are not expected to enter that ecosystem.

Data from four studies were used for calculating parameter values for porosity and dry bulk density. 
The peat properties vary widely between and within the studied mires partly as an effect of the age of 
the mire. Mires situated higher above present sea level have been uplifted for a longer period of time 
and are therefore older. In the youngest wetlands, peat with a very low bulk density is often overlain 
by peat with a higher density. The peat has probably started to form along the shores of shallow 
lakes which successively have been covered by a mat of vegetation. That has recently occurred in 
the young wetlands and the mat of vegetation is still underlain by material with a high water content. 
Altitudes (Table 5-4) were used to calculate the ages of the mires, by using a shore-line displacement 
model (SKB 2014c). The ages range between approximately 500 and 4,800 years. 

Two of the studies were conducted at the Rönningarna mire (Sternbeck et al. 2006, Sheppard et al. 
2009) and Löfgren (2011) studied peat from Stenrösmossen and Labboträsk, all situated at the Fors-
mark site. Additional data from Stenrösmossen, Backbotten and Hjortronmossen were also used 
(data collected by Swedish Geological Survey in an ongoing project, Schoning (2014)). The two 
latter wetlands are situated outside the Forsmark area, but in a similar environment (wetlands in 
recently uplifted areas). Data in Sheppard et al. (2009) and Löfgren (2011) did not allow calculations 
of porosity, since there were no data on water content or wet density.

In Table 5-4 and Table 5-5, the average values for each of the investigated mires are presented. 
These average values were thereafter used to calculate the average value for the studied mires. That 
was done since the mires represent a span of ages, and peat accumulation has occurred considerably 
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longer in the old mires compared with the young. In the parameterisation, a uniform distribution was 
assumed because both density and porosity of peat is believed to be related to the successional stage 
of the mire (age or m.a.s.l. Table 5-4 and Table 5-5) and consequently the peat in a mire may follow 
a gradient from minimum to maximum. The max and min values represent the entire modelled mire 
and since the studied mires represent a span of ages with different properties the average max and 
min values from the studied mires were used.

Table 5-4. Density (kg m–3) of the anoxic layer of peat, dens_regoPeat. The same values are used 
to characterise regoUp_ter (Sternbeck et al. 2006, Sheppard et al. 2009, Löfgren 2011, Schoning 
2014).

N Average Stdev Min Max M.a.s.l. Distribution

Rönningarna  7 102 26 70 152 11.5
Backbotten  4 119 25 94 148 29
L Hjortronmossen  1 136 13
Stenrösmossen 12  97 31 40 154  8.5
Labboträsk II  4  65 35 34 111  3–5
Labboträsk I  4  82 33 54 120  2.7
Average of the studied mires  6 100 65 136 Uniform

Table 5-5. Porosity (m–3 m–3) of the anoxic layer of peat, poro_regoPeat. The same values are 
used to characterise regoUp_ter (Sternbeck et al. 2006, Schoning 2014).

N Average Stdev Min Max M.a.s.l. Distribution

Rönningarna 4 0.92 0.02 0.90 0.94 11.5
Backbotten 4 0.90 0.02 0.88 0.93 29
L Hjortronmossen 1 0.90 13
Stenrösmossen 4 0.90 0.01 0.88 0.90  8.5
Average of the studied mires 4 0.90 0.88 0.94 Uniform

5.3.5 Density and porosity of oxic peat
The parameters poro_regoUp_ter and dens_regoUp_ter represents the porosity and dry bulk density 
of the uppermost oxic peat layer, which corresponds to the uppermost 30 cm of peat. Initially it was 
assumed that the uppermost peat should be characterised by a higher density and lower porosity 
compared with the underlying peat. Compaction from overlying peat should cause lower porosity 
and higher dry bulk density in the lower peat layers. However, the peat studied showed no significant 
difference in porosity and density between the uppermost 30 cm and the deeper-lying peat. Indeed, 
in some of the young peatlands, the deep-lying peat is characterised by a higher porosity and lower 
density than the overlying peat. The same parameter values were therefore used for the compartment 
RegoUp as for RegoPeat (Table 5-4 and Table 5-5). 

There may be several reasons for the lack of difference between the uppermost and lower-lying 
peat. In general, the degree of humification is low in the uppermost peat, giving rise to low dry bulk 
density and high porosity. However, in the wetlands studied here the degree of humification in the 
upper peat is not lower than the humification in lower-lying peat. All samples studied here are from 
young wetlands with relatively thin layers of peat (up to 2 m) and the effect of compaction may con-
sequently be low. 

5.3.6 Porosity and density of aquatic sediments
The parameters poro_regoUp_sea, poro_regoUp_lake, dens_regoUp_sea and dens_regoUp_lake 
represents the porosity and dry bulk density of the upper layer of aquatic sediments, which currently 
are deposited at accumulation bottoms. The parameters refer to the uppermost 5 cm and 10 cm layer 
of regolith in lakes and sea, respectively.
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Two of the samples used for calculating the values presented here were obtained from bays along 
the coast of the Forsmark area (Sternbeck et al. 2006). Data from three additional samples were 
obtained from SGU’s database for marine geology and represent sediments sampled at the floor 
of Öregrundsgrepen during SGU’s regular marine geological surveys.

It should be noted that the porosity and density for the accumulation bottoms are very similar to 
corresponding data from RegoPG (compare Table 5-3 and Table 5-6). This probably reflects the 
low degree of consolidation of the samples used for calculating RegoPG. Furthermore, there are no 
data available from accumulation bottoms situated at the floor of lakes. Sediments from lakes are 
expected to have higher porosities and lower densities compared with corresponding deposits from 
bays, due to the generally higher organic content of lake sediments (Hedenström and Sohlenius 
2008). This is confirmed by data from 14 sites in a bay of Lake Mälaren, c. 80 km south of the 
Forsmark area, presented by Håkansson and Jansson (2002), showing a significantly higher poros-
ity (0.97 m–3 m–3) and lower dry bulk density (61 kg m–3) compared with the data presented for the 
sea bays (Table 5-6). The data from Håkansson and Jansson (2002) are thought to be representative 
for the lakes in Forsmark and are therefore used here. The uppermost sediments in lakes from the 
Forsmark area have organic contents (Hedenström 2004) close to corresponding sediments from 
Lake Mälaren (Håkansson and Jansson 2002), and it is therefore assumed that the density and poros-
ity of sediments from Lake Mälaren are close to the values in lakes in the Forsmark area. In the 
parameterisation, a uniform distribution was assumed, because both density and porosity of aquatic 
sediments are believed to be related to the successional stage of the lake (age) and consequently 
therefore follow a gradient from minimum to maximum.

Table 5-6. Porosity and density of the uppermost sediment at accumulation bottoms sampled at 
sea (Sternbeck et al. 2006, SGU database) and in lakes (Håkansson and Jansson 2002). The Lake 
data comes from Lake Mälaren and the min and max values for these data are unfortunately not 
presented in Håkansson and Jansson (2002).

N Average Stdev Min Max Distribution

poro_regoUp_lake (m–3 m–3) 14 0.97 0.0044 Normal
dens_regoUp_lake (kg m–3) 14 61 24.4 Normal
poro_regoUp_sea (m–3 m–3)  5 0.92 0.90 0.94 Uniform
dens_regoUp_sea (kg m–3)  5 179 133 236 Uniform

5.4 Properties of cultivated soils
Three agricultural land-use variants are included in the safety assessment SR-PSU; modern agri-
cultural practices with draining of wetland, early agriculture with infield-outland practices, and a 
modern garden plot utilised by a household. In the modern agricultural land-use variant, drained 
mire with peat and/or clay gyttja is cultivated. Glacial clay is assumed to be cultivated in the infield-
outland land-use variant, since areas with glacial clay are common in the Forsmark area and could be 
cultivated without lowering the groundwater table. Glacial clay is also assumed to be utilised in the 
garden plot land-use variant. Properties for these agricultural soil types (peat, clay gyttja and glacial 
clay) are presented in this section. 

5.4.1 Density and porosity of peat and clay gyttja in a cultivated wetland
The parameters dens_regoUp_peat, dens_regoUp_clay, poro_regoUp_peat and poro_regoUp_clay 
represents the dry bulk densities and porosities of the upper 0.3 m of regolith in areas used as arable 
land, where modern cultivation techniques, e.g. draining of wetlands, are used. The parameter values 
represent drained wetlands, i.e. discharge areas, where peat (Table 5-7) and clay gyttja (Table 5-8) 
are the dominating regolith types. Two alternative sets of parameters (peat and clay gyttja) are there-
fore presented here. Cultivated clay gyttja and peat are not present in the Forsmark area of today. 
The data used here are from a study by Sheppard et al. (2011), where samples from arable land in 
the surroundings of Forsmark were studied.
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The values presented here are similar to those from cultivated peat at Bälinge Mosse, situated in the 
same part of Sweden as Forsmark (McAfee 1985, Table 14). Also, cultivated peat at Majnegården 
in southern Sweden shows similar values (Berglund 1996). Berglund et al. (1989) have studied the 
properties of gyttja soils and have obtained similar bulk densities and porosities as reported here. 
In the parameterisation a uniform distribution was assumed because both density and porosity of 
drained peat and clay gyttja are believed to be related to the age since drainage and would conse-
quently follow a gradient from minimum to maximum.

Table 5-7. Density and porosity of peat in areas used for cultivation (dens_regoUp_peat and 
poro_regoUp_peat). These two parameters represent one type of soil (peat) used for agricul-
ture in discharge areas for groundwater. The samples were taken 0.2 m below ground surface 
(Sheppard et al. 2011).

N Average Stdev Min Max Distribution

Porosity (m–3 m–3) 5 0.75 0.71 0.80 Uniform
Density (kg m–3) 5 274 220 320 Uniform

Table 5-8. Density and porosity of clay gyttja in areas used for cultivation (dens_regoUp_clay 
and poro_regoUp_clay). These two parameters represent one type of soil (clay gyttja) used for 
agriculture in discharge areas for groundwater. The samples were taken 0.2 m below ground 
surface (Sheppard et al. 2011).

N Average Stdev Min Max Distribution

Porosity (m–3 m–3) 4 0.63 0.57 0.67 Uniform
Dry bulk density (kg m–3) 4 771 704 886 Uniform

5.4.2 Density and porosity of cultivated glacial clay 
The parameters dens_regoUp and poro_regoUp represent the density and porosity of glacial clay 
soils assumed to be utilised in the early agriculture land-use variant with infield-outland practises 
and in the garden plot land-use variant see Table 5-9. These soils can be used for cultivation without 
lowering the groundwater table and without the use of machines. The data presented here are sug-
gested to represent soils that were cultivated in pre-industrial times, but it is also suggested that the 
same type of soil can be used for gardening vegetables. Glacial clay is common in the Forsmark 
area and is suitable for cultivation. Layers of glacial clay are often situated at the transition between 
water-deposited clays and till layers, and at many sites glacial clay can be cultivated without lower-
ing the groundwater table. This assumption is supported by data from the village of Valö, close to 
Forsmark, showing that, at the beginning of the 18th century (1709 AD), a large proportion of the 
arable land was situated in areas with glacial clay (Lindborg 2010). 

The samples used for calculation of these parameters were taken from arable land in the surroundings 
of Forsmark (Sheppard et al. 2011). The samples were taken 0.2–0.3 m below the ground surface.

Table 5-9. Porosity and dry bulk density for glacial clay, dens_regoUp and poro_regoUp, in the 
upper soil horizons sampled at sites used as arable land. The samples were taken 0.2–0.3 m 
below the ground surface (Sheppard et al. 2011). 

N Average Stdev Min Max Distribution

Porosity (m–3 m–3) 3 0.38 0.07 0.30 0.44 Normal
Dry bulk density (kg m–3) 4 1,564 225 1,329 1,778 Normal

5.4.3 Degree of compaction of clay gyttja and peat in a drained mire 
The parameters compact_gyttja and compact_peat represent the degree of compaction of the soil 
when a wetland is transformed from its natural state into arable land. The lowering of the groundwa-
ter table causes compaction of the uppermost soil layers, which in turn causes higher dry bulk densi-
ties and lower porosities. 
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As mentioned above (Section 5.4.1), clay gyttja and peat in former wetlands are commonly used as 
arable land. The un-drained and drained dry bulk densities of these deposits were therefore used to 
calculate the compaction. The compaction of peat was calculated as the ratio between dry bulk den-
sity of un-drained peat in wetlands (see Table 5-4) and the dry density of cultivated wetlands (period 
of cultivation unknown). The ratios between dry bulk density of un-drained peat (Table 5-4) and 
cultivated peat (Table 5-7) for the six mires ranged between 0.44 and 0.24. The minimum value rep-
resents compaction of peat in a mire with relatively consolidated peat, whereas the maximum value 
represents compaction of peat in a young mire with relatively unconsolidated peat. The average of 
these was chosen as a best estimate. The dry bulk densities used for calculation of peat compaction 
are similar to values reported by Berglund (1996). The corresponding ratio for clay gyttja was calcu-
lated as the ratio between the density of RegoPG (Table 5-3) and the density of cultivated clay gyttja 
(Table 5-8), and the average value is 0.25 (ranging between 0.20 and 0.29). It may be surprising that 
clay gyttja has a smaller compaction ratio than peat (i.e. it becomes more compacted), since peat is 
characterised by higher water content than minerogenic deposits such as clay gyttja. Peat should con-
sequently be more sensitive to compaction than clay gyttja. However, this smaller compaction ratio 
is an effect of the low density and high porosity of the clay gyttja in lakes and sea bays. It is likely 
that these sediments will consolidate when uplifted or overlain by layers of sediment and peat. 

Table 5-10. The ratios between the densities of unconsolidated peat and clay gyttja and the 
densities of corresponding cultivated deposits, compact_peat and compact_gyttja. The ratios 
were used to estimate the degree of compaction due to cultivation (data used for the calculations 
is described above).

N Average Min Max Distribution

Compactation ratio of peat 5 0.34 0.24 0.44 Uniform
Compactation ratio of clay gyttja 6 0.25 0.20 0.29 Uniform

5.4.4 Pore water content of agricultural soils
The parameter S_w_regoUp reflects the amount of water contained in the pores of soils that can be 
used for cultivation. In the Forsmark area, there are no direct measurements of this parameter. 

 S_w_regoUp for drained mires (representing soils cultivated by an industrial agricultural society 
where modern cultivation techniques, e.g. draining of wetlands, are used) where peat and clay gyttja 
are the dominating regolith types is presented in Table 5-11. Two alternative sets of parameters (peat 
and clay gyttja) are presented here. 

The cultivated glacial clay in the Forsmark area (used for the early agricultural and garden plot 
land-use variants) has an average clay content of more than 40% (cf. Sheppard et al. 2011) and can 
therefore be classified as stiff clay (“styv lera”). The values presented here (Table 5-11) represent the 
values from stiff clay.

The highest value (max in Table 5-11) represents saturated conditions at field capacity, and the 
lowest value (min in Table 5-11) represent the wilting point, i. e. the water content in soils where 
no water is accessable for plants. The parameter is expressed as the proportion of the pores that are 
filled with water. The values presented in Table 5-11 are assumed to have a uniform distribution 
between what is regarded as a wet year and a dry year. The values presented here should be regarded 
as rough estimates, as the degree of water saturation is highly dependent on local climate, but may 
also change from one year to another. Furthermore, the values presented in Grip and Rodhe (1985) 
represent conditions in soils unaffected by soil-forming processes. 

Water saturation data (volume of water/total soil volume) for peat and clay gyttja were taken from 
the literature (Berglund 1996), since information from the Forsmark area is lacking. For determining 
the proportion of pores filled with water, data on soil porosity is needed. That value was taken from 
results (average value) of porosity determinations of the uppermost horizon in peat and clay gyttja 
from the surroundings of the Forsmark area (Sheppard et al. 2011).
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Table 5-11. The proportion of pores filled with water, S_w_regoUp, in peat, clay gyttja and glacial 
clay. Min represents the wilting point and max the field capacity.

Average Min Max Distribution

Peat (drained mire) 0.63 0.40 0.86 Uniform
Clay gyttja (drained mire) 0.60 0.32 0.87 Uniform
Glacial clay (inland outfield and garden plot) 0.60 0.4 0.8 Uniform

5.4.5 Diffusivity of CO2 in soil
Field and laboratory experiments show that the loss of inorganic carbon by degassing is driven pri-
marily by gaseous diffusion in unsaturated soils (Sheppard et al. 1994).

The molecular diffusivity, or diffusion coefficient, (D_CO2_soil_peat, D_CO2_soil_clay, D_CO2_
soil), is a proportionality constant between the molar flux due to molecular diffusion and the gradient 
in the concentration of the molecules of interest. A compound’s diffusion coefficient is typically four 
orders of magnitude greater in air than in water (Haynes 2012). However the molecular diffusivity of 
carbon dioxide in soil also depends on temperature, the amounts of water and air in the soil, and the 
soil porosity. 

Figure 5-1 shows the relationship between the relative diffusivity of CO2 in soil and the fraction of 
air-filled porosity.

Here we used a linear relationship to describe the effect of temperature on CO2 diffusivity in air 
(Lerman 1979). To account for the effects of soil porosity and soil water saturation we used the 
Millington-Quirk model (Millington and Quirk 1961), which has been shown to provide reliable 
results in organic soils (Iiyama and Hasegawa 2005). Thus, the overall diffusivity of CO2 in unsatu-
rated soil (D_CO2_soil, 10–4 m2 s–1) is described by:

10/3

𝜃𝜃2
 𝐷𝐷𝐶𝐶𝐶𝐶2_𝑎𝑎𝑎𝑎𝑎𝑎  𝐷𝐷𝐶𝐶𝐶𝐶2_𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠 = 𝜃𝜃𝑎𝑎𝑎𝑎𝑎𝑎

𝐷𝐷𝐶𝐶𝐶𝐶2_𝑎𝑎𝑎𝑎𝑎𝑎 = 0.1325 + T   ∙ 𝛽𝛽𝑇𝑇 

𝜃𝜃𝑎𝑎𝑎𝑎𝑎𝑎 = 𝜃𝜃 (1 − 𝑆𝑆𝑤𝑤 )  

Where 

θair is the air-filled porosity (m3 m–3),

θ is the total soil porosity termed (m3 m–3), 

DCO2_air is the diffusivity in air (10–4 m2 s–1),

T is the temperature (°C),

βT is a coefficient for temperature dependence (10–4 m2 s–1 per°C),

SW is the degree of water saturation of the pore volume (m3 m–3).

The coefficient for temperature response was taken from Lerman (1979) (βT = 0.0009 10–4 m2 s–1 

per°C). We calculated the soil diffusivity of CO2 for three types of agricultural soil at a temperature 
of 10°C, which is the approximate mean soil temperature during the period that lacks ground frost 
in Forsmark (Heneryd 2007). The response of diffusivity to temperature is relatively small (approxi-
mately a 4% change in the diffusivity of CO2 in air for a change of 6°C). Best estimates for soil dif-
fusivity were first calculated for typical values of soil saturation and soil porosity (mean values) for 
each soil. Then randomly drawn parameter values from the distributions of soil saturation (uniform 
between low and high) and porosity (normal) were used to recalculate the soil diffusivity for each 
soil (n=100). The resulting distributions were positively skewed and approximately log-normal dis-
tributed. From these simulations the geometric mean and the geometric standard deviation were esti-
mated. The 2.5 and 97.5 percentiles from the empirical distributions were used as lower and upper 
boundaries for the derived probability density functions. 
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Table 5-12. Soil diffusivity for three agricultural soils. The first two soil are organic and result 
from draining a mire or lowering a lake. The third soil has a primarily inorganic parent material, 
namely glacial clay. Soil properties affecting the diffusivity (i.e. soil water saturation and soil 
porosity) are listed for each soil type.

Land-use 
variant

Parent 
soil

Saturation (Sw) Porosity Soil diffusivity (DCO2_soil m2 year–1) Distribution

Low High Reference Mean Stdev Meandeter Geomean GeoStdev Min Max

Drained  
mire

Peat 0.40 0.86 Berglund 1996 0.75 0.03 11.1 7.9 4.4 0.5 54.1 lognormal

Clay 
gyttja

0.32 0.87 Berglund 1996 0.63 0.04 11.7 10.8 4.5 0.5 69.5 lognormal

Infield-outland 
Garden plot

Glacial 
clay

0.40 0.80 This report 0.38 0.07 5.8 4.7 3.2 0.6 24.1 lognormal

Figure 5-1. Relative diffusivity as a function of soil porosity and water saturation of soil.
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6 Hydrological parameters

The hydrological fluxes used in the safety assessment SR-SPU represents water exchanges between 
marine basins of the radionuclide model described in Section 6.3, and water fluxes between com-
partments of the radionuclide model for terrestrial and limnic ecosystems described in Section 6.4. 
The water fluxes between the marine basins were derived from a 3-dimensional hydrological model 
implemented with the tool MIKE 3 FM for the period with marine basins. The parameters represent-
ing fluxes of water between compartments of the radionuclide model for marine, limnic and terres-
trial ecosystems were derived from a 3-dimensional hydrogeological model, including groundwater 
in bedrock, groundwater in regolith and surface water, implemented with the tool MIKE SHE. The 
modelling and results are described in detail in Werner et al. (2013). 

The hydrological parameters are time dependent. Due to landscape development, objects transform 
from a marine stage into a limnic and/or terrestrial stage during the course of time. For each stage of 
a biosphere object (marine, limnic or terrestrial) considered in the biosphere radionuclide modelling, 
a set of parameters describing water fluxes for the particular stage is provided from MIKE 3 FM 
(fluxes between marine basins) or MIKE SHE (fluxes between compartments of marine, limnic or 
terrestrial ecosystems).

6.1 Experience from previous safety assessments
The current hydrological modelling approach dates back to the previous SFR safety assessment 
SAFE (Lindgren et al. 2001) and has been further developed in the follow-up project SAR-08 (SKB 
2008) and the projects for the assessment of the repository for spent nuclear fuel at the Forsmark 
site, SDM-Site (Bosson et al. 2008) and SR-Site (Bosson et al. 2010). The hydrological modelling 
for SAR-08 was also based on the SDM-Site project. Concepts and tools, as in the application of 
various modules of the MIKE SHE software (DHI 2012), for the near-surface hydrology modelling 
have been continuously developed. Compared with SDM-Site and SR-Site, updates to the hydrologi-
cal modelling in the SR-PSU project mainly concern enhancements to the underlying geometrical 
models of present and future landscapes, and further development of models of future land- and 
water-resource management (drainage and water supply by wells). 

6.2 Influence of climate on parameter values 
The climate affects the hydrology of the site. A simulation case based on present-day climate condi-
tions and an additional simulation case for warmer and wetter climate conditions were modelled with 
MIKE SHE (modelling fluxes between compartments of marine, limnic or terrestrial ecosystems) for 
the SR-PSU assessment (Werner et al. 2013). Moreover, permafrost conditions were analysed using 
MIKE SHE modelling results from the SR-Site assessment. The fluxes between marine basins, mod-
elled using MIKE 3 FM, were not altered in the different climate cases. 

The present-day climate case is represented by locally measured meteorological data during a 
selected period (October 1, 2003–September 30, 2004; average of the Högmasten and Storskäret 
meteorological stations). The selected one-year period has an accumulated precipitation that is close to 
that of the reference normal period 1961–1990, both on a monthly and annually basis (Bosson et al. 
2010). Specifically, the selected one-year period, which in the following is referred to as the normal 
year, has an annual average air temperature of 6.4°C (minimum –13.2°C and maximum 23.4°C) and 
an accumulated precipitation of 583 mm. The annual average air temperature for the normal year 
is almost identical to the annual average for the period 2004–2010 (6.7°C). Moreover, the accumu-
lated precipitation during the normal year (583 mm) is slightly above the estimated annual average 
(569 mm) for the reference normal period (Johansson 2008) and close to the annual average precipi-
tation (589 mm) for the period 2004–2010. The water flows derived from the MIKE SHE simula-
tions with the present-day climate are used to parameterise the water flows in the global warming 
climate case in the radionuclide model. 
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The wetter and warmer climate is defined by meteorological data available in Kjellström et al. 
(2009). Specifically, Kjellström et al. (2009) present meteorological data for a wet period of 50 years, 
having an annual average precipitation of c. 1,280 mm. In this data set, Bosson et al. (2010) found 
a three-year period that includes both a very wet year and a year with an accumulated precipitation 
that is close to the 50-year average. The chosen period, which in the following is referred to as the 
wet and warm climate case, has an annual average air temperature of 7.7°C (minimum –16.1°C 
and maximum 24.2°C). The annual average precipitation is c. 1,500 mm, i.e. almost three times the 
accumulated precipitation during the normal year. For further details on data-selection processes and 
meteorological data for the normal year and the wetter and warmer period, see Bosson et al. (2010). 
The water flows derived from the MIKE SHE simulation with a wetter and warmer climate are used to 
parameterise the water flows in the extended global warming climate case in the radionuclide model.

A periglacial climate with permafrost conditions and taliks dramatically reduce the hydrologic con-
nectivity in the landscape. Based on DarcyTools-calculated exit locations for periglacial conditions 
within SR-PSU, separate water balances were extracted for two potential taliks based on SR-Site 
MIKE SHE modelling results representing periglacial conditions (Bosson et al. 2010). One of the 
chosen taliks is at the location of biosphere object 157_1 (i.e. exit locations north of SFR), whereas 
the other talik is object 114 of Bosson et al. (2010), coinciding with exit-location areas at the 
north-eastern DarcyTools model boundary. When the model stage is switched from “global warm-
ing” to “permafrost” at AD 17,500 the release of radionuclides is redirected from object 157_2 to 
object 157_1 and the hydrological parameterisation for taliks is adopted in objects 157_1 and 114. 
Conceptual details of the hydrological modelling cases are provided in Werner et al. (2013) and in 
SKB (2014c) in relation to the handling of these cases in the radionuclide transport model.

6.3 Inter-basin water exchange in marine areas
For the marine stage, a parameter quantifying inter-basin water exchanges (WF_lobjxx), i.e. annual 
average water flows between neighbouring marine basins, was calculated by the flexible-mesh mod-
elling tool MIKE 3 FM using site data from Forsmark. The modelling conducted within the SR-site 
project by Karlsson et al. (2010) was updated, since a new updated DEM was made available. The 
updated modelling is briefly described in Werner et al. (2013). 

The inter-basin water exchange was calculated for 38 delineated marine basins. Among the 38 marine 
basins are the basins for the seven SR-PSU biosphere objects (116, 121_1, 121_2, 157_1, 157_2, 159 
and 160). Their spatial configuration and connectivity in the marine stage is illustrated in Figure 6-1.

Specifically, gross in- and outflows were used to calculate net flows and their directions across basin 
boundaries. The major factors influencing long-term changes of inter-basin water exchanges are the 
long-term developments of the interchange between Öregrundsgrepen and the Baltic Sea and the 
bathymetry of Öregrundsgrepen, which were determined from the DEM (Strömgren and Brydsten 
2013) and long-term landscape development (Brydsten and Strömgren 2013).

The parameter WF_lobjxx was calculated by the FM 3 tool for the years 6500, 3000 and 1000 BC, 
and for 1,000-year intervals from 0 until the year of isolation or up to 9000 AD (Werner et al. 2013). 
The basin isolation year, which is represented by the parameter threshold_isolation (see Section 4.3), 
is defined as the year when the lake threshold or the whole basin is located above sea level. For 
the basin isolation year, WF_lobjxx was calculated using the surface-water flux out of the object 
(q_downstream_ iso derived from MIKE SHE simulations) multiplied by the area of the object, 
whereas all other water flows were set to zero at the basin-isolation year. 

The water exchange between Öregrundsgrepen and the Baltic Sea, parameterised by WF_Baltic, was 
calculated as the water volume of Öregrundsgrepen (excluding basins defined as biosphere objects) 
divided by the residence time of the water in Öregrundgrepen.

The WF_lobjxx parameter values for the seven objects are presented in Appendix D. 

The WF_lobjxx parameter values are not altered in the different climate calculation cases during 
the marine phase.But for the terrestrial phase the flow differs between the climate cases since the 
surface-water flux to downstream object was calculated by multiplying q_dowmstream_iso with 
the area of the object. 
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6.4 Inter-compartment water fluxes in marine, limnic and 
terrestrial ecosystems

Parameters quantifying water fluxes between compartments of the radionuclide model for marine, 
terrestrial and limnic systems were calculated with the MIKE SHE water flow modelling tool (DHI 
2012) using site data from Forsmark (Werner et al. 2013). For the marine system, only parameters 
between different compartments of the model in the regolith below the sea were calculated with the 
MIKE SHE modelling tool, whereas the fluxes between different sea basins were quantified with the 
MIKE 3 FM modelling tool (see Section 6.3)

The MIKE SHE model was set up and calibrated for today’s conditions. Based on this so called 
2000 AD model, models were subsequently set up taking into account landscape development up 
to the years 3000, 5000, and 11,000 AD (Brydsten and Strömgren 2013). Figure 6-2 shows the land 
and water areas for the biosphere objects at present and at the three future times for which MIKE 
SHE simulations, and thus the parameterisations of water fluxes, were made. The figure also shows 
flow directions between the biosphere objects at future times. At 3000 AD, all biosphere objects are 
still submerged, whereas the land surface has risen above the shoreline due to shoreline displace-
ment between 3000 and 5000 AD for all objects. Subsequent to the marine stage of an object, for 
most objects a lake is formed and eventually mire areas are formed around the lake. At 5000 AD, 
5 of the 7 biosphere objects partially consist of limnic systems and partially terrestrial systems. 

Figure 6-1. Illustration of the hydrological connectivity between adjacent marine basins on a bathymetric 
map for the year 3000 AD. The two basins beyond objects 116 and 121_1, although not spatially connected, 
are pooled as a single object 10 (Öregrundsgrepen) which, in turn, exchanges water with the outer Baltic 
Sea (object 1). 

 

121_1
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However, two of the objects (157_2 and 121_2) do not form a lake, as they are transformed to terres-
trial systems directly after the marine stage. At 11,000 AD, all limnic systems within the regional 
MIKE SHE area have been transformed into terrestrial systems (Brydsten and Strömgren 2013). No 
models were setup for times after 11,000 AD. At 11,000 AD, the sea is displaced far away from the 
model area and no further impact on hydrological flows from the bedrock due to sea displacement is 
expected.

In total, parameters representing 27 inter-compartment water fluxes were calculated for the future 
times described above, using the water-balance utility in MIKE SHE. For each time slice, parameter 
values were calculated using locally measured meteorological data (described in Section 6.2), repre-
senting a normal year for present, temperate climate conditions. 

The delivered flux values from the MIKE SHE model are mapped to relevant regolith compart-
ments of the radionuclide transport model. Upwards and downwards vertical fluxes regolith layer 
boundaries are estimated under the assumption that fluxes at intermediate depths between calcula-
tion layer boundaries, at which MIKE SHE calculates fluxes, change linearly with depth in each 
MIKE SHE calculation layer. For each biosphere object and time, the calculation of across-boundary 

Figure 6-2. Maps showing present land and water areas and at the three future times for which MIKE 
SHE simulations were made. In the upper figures, the sea is still present within the model area, whereas 
in the lower two figures the sea is displaced further away from the model area. The figures also show flow 
directions between objects at the future times.
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Biosphere objects and flow directions at 5000 AD
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fluxes is based on the average regolith thickness for the aquatic (lake) and the terrestrial (mire) parts, 
respectively, for associated times in the dynamic regolith depth and stratigraphy model (Brydsten 
and Strömgren 2013). Hence, for each biosphere object upward and downward fluxes are calcu-
lated to obtain corresponding net fluxes at each regolith layer boundary at the times 3000, 5000 and 
11,000 AD. For more details on how the mapping is made, see Werner et al. (2013) and Saetre et al. 
(2013a). 

Table 6-1 lists the delivered parameters, divided into the four categories marine, limnic and terres-
trial systems and surface-water flows. The illustration of radionuclide transport compartments of 
biosphere objects in Figure 2-1 includes both limnic and terrestrial systems, but this figure also clari-
fies parameters for the marine stage. Blue arrows represent advective fluxes derived from the MIKE 
SHE model. During the marine stage, i.e. at 3000 AD among the future times considered in the 
MIKE SHE modelling, only fluxes represented by the blue vertical arrows in the aquatic part (right 
side) of Figure 2-1 are calculated (cf. first column of Table 6-1), and no surface-flow parameters are 
delivered for the marine stage. 

The parameter names follow inter-compartment fluxes. For example, the q_low_gl_sea parameter is 
the water flux (q_) from the RegoLow (low_) to the RegoGL (gl_) for the marine period (sea). In the 
same way, q_gl_low_sea is the corresponding water flux from the RegoGL to the RegoLow for the 
marine stage (3000 AD).

For objects that contain both limnic and terrestrial systems at 5000 AD, parameters representing all 
inter-compartment fluxes (blue arrows denoted as “2” in Figure 2-1) are delivered to the radionuclide 
transport model. The blue arrows are represented by the parameters in columns 2 (limnic), 3 (terres-
trial) and 4 (surface flow) in Table 6-1.The parameter names for the vertical fluxes follow the same 
system as for the marine phase. The only difference between marine and limnic parameter names is 
the suffix, sea vs. lake. For terrestrial systems, there is a difference in the layer description above the 
RegoPG compared with aquatic systems. Specifically, terrestrial systems have a peat compartment 
between the RegoGL and the RegoUp compartments, whereas aquatic systems have a surface-water 
compartment above the RegoUp compartment. The parameter names for terrestrial systems are given 
in the same way as for marine and limnic systems, with the suffix ter. The surface-water parameters 
describe fluxes between limnic and terrestrial systems within one object (q_up_wat_ter and q_wat_
up_ter) as well as fluxes going out from the biosphere object to a biosphere object located down-
stream (q_downstream). 

For biosphere objects that are terrestrial at all times after the marine stage, i.e. objects 157_2 and 
121_2, the only vertical fluxes considered are those in the terrestrial part (left side) of Figure 2-1, 
with parameter names according to column 3 in Table 6-1. However, the surface-water flux param-
eter q_downstream (in column 4) is also used for describing the outflow from the biosphere object to 
its associated downstream object. 

For the terrestrial stage (11,000 AD) the vertical fluxes in terrestrial systems (left side) of Figure 2-1 
are delivered, with parameter names according to column 3 in Table 6-1. For biosphere objects with 
former limnic systems, in the radionuclide transport model a stream remains in the terrestrial systems 
of those biosphere objects at 11,000 AD. The 5 objects following this evolution are 157_1, 159, 116, 
160 and 121_2. For these objects, the surface-water flow parameters from column 4 in Table 6-1 are 
also delivered. The parameters q_up_wat_ter and q_wat_up_ter then represent surface-water fluxes 
between the terrestrial system and the stream. The q_downstream still represents the water flux leav-
ing the biosphere object. 

It has to be considered that fluxes for different object stages refer to different periods in time and 
that the threshold values described in Section 4.3 control when the parameter values take effect in 
simulated time. For the transition periods between the marine, limnic and terrestrial stages the water 
fluxes were linearly interpolated. This is described further in Saetre et al. (2013a). The terrestrial 
fluxes are defined for two years, 5000 AD and 11,000 AD, these are used to interpolate between the 
year of threshold isolation and threshold end. 
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Table 6-1. Parameters representing inter-compartment water fluxes in marine, limnic and terres-
trial systems, surface-water fluxes between terrestrial and limnic compartments (q_up_wat_ter, 
q_wat_up_ter) and fluxes out from biosphere objects (q_downstream).

Marine (sea) Limnic (lakes) Terrestrial Surface-water flow

q_low_gl_sea q_low_gl_lake q_low_gl_ter_(iso,end) q_up_wat_ter
q_gl_low_sea q_gl_low_lake q_gl_low_ter_(iso,end) q_wat_up_ter
q_gl_pg_sea q_gl_pg_lake q_gl_pg_ter_(iso,end) q_downstream
q_pg_gl_sea q_pg_gl_lake q_pg_gl_ter_(iso,end)
q_pg_up_sea q_pg_up_lake q_pg_peat_ter_(iso,end)
q_up_pg_sea q_up_pg_lake q_peat_pg_ter_(iso,end)
q_up_wat_sea q_up_wat_lake q_peat_up_ter_(iso,end)
q_wat_up_sea q_wat_up_lake q_up_peat_ter_(iso,end)

All parameter values delivered represent annual averages and are area-normalised fluxes. For more 
details about how the parameters were derived from the MIKE SHE model, and information about 
the flow models from which water balance data were extracted, see Werner et al. (2013).

Parameter values according to Table 6-1 were delivered for simulations based on present-day climate 
conditions. Parameter values were also delivered for the 5000 AD model, using climate data repre-
senting a warmer and wetter climate (see Werner et al. 2013 for details). Moreover, parameter values 
were also delivered for a periglacial climate with groundwater discharge at taliks for objects 157_2 
and 114 (Bosson et al. 2010).

Parameter values were delivered for all biosphere objects and the delivered data are listed in 
Appendix D. Not all of the objects appear in every biosphere calculation case. For most calcula-
tion cases of the biosphere transport modelling, the total release of radionuclides is assumed to take 
place in object 157_2. The system is in this case reduced to the set of objects 116, 157_1 and 157_2. 
After the marine stage, object 159 is located upstream of objects 157_1 and 116, and it is thus not 
included. The consideration of further objects would only dilute radionuclide concentrations and 
reduce the maximum calculated dose. Additionally to the three mentioned objects, the object 114 is 
considered when assessing early periglacial conditions but without being hydrologically connected 
to any other object. For more information about the different calculation cases and how the param-
eters were implemented in the radionuclide transport model, see SKB (2014c).
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7 Element-specific parameters

In this section, soil/liquid partitioning coefficients, Kd, used to assess sorption of elements to regolith 
and particulate matter are described. Concentration ratio, CR and transfer coefficient, TC, values 
used to calculate uptake of radionuclides in biota are also presented. The Kd, CR and TC parameters 
are element-specific and are compiled for each of the 31 elements included in the safety assessment. 
Kd values are derived for 9 soil types and for particulate matter in lake and sea water. CR values are 
used both to calculate concentrations in biota utilised as human foods, to assess dose rates to wildlife 
and to assess radionuclide concentrations in the environment. In total, CR values are derived for 61 
biota types for each of the 31 elements included in the safety assessment. TC values are presented 
for cow meat and cow milk. A detailed basis for the derivation of the Kd, CR and TC values can be 
found in Tröjbom et al. (2013). 

Diffusivity in free solution (D_water), was used to calculate the diffusive flow of radionuclides in 
the regolith compartments, the data used are also element-specific and are presented in Section 7.5. 

7.1 Experience from previous safety assessments
In the previous safety assessment, SR-Site, Kd and CR values were derived by combining site data 
with literature data using Bayesian statistical methods (Nordén et al. 2010). The Bayesian statisti-
cal methods could, in some cases where data were scarce, give unexpected results, as for example 
unrealistically large ranges. In this safety assessment, data from different sources were not combined 
using statistical methods. Instead a systematic and transparent method was used to derive the Kd, CR 
and TC parameter values, the method is described in detail in Tröjbom et al. (2013). In short, data 
from different sources were compared in order to select the most representative data. Site-specific 
data were given highest priority since Kd and CR are highly affected by the local biogeochemical 
environment. The method used in described in detail in Tröjbom et al. (2013).

Even where site-specific data were available in the previous safety assessment, data were still scarce. 
Additional site investigations have been conducted and a new set of site-specific data have been 
made available (Sheppard et al. 2011). Kd values were measured in soils in low-lying areas of the 
landscape, these areas may be used for agricultural purposes, and are therefore of special interest in 
the safety assessment. This study resulted in 50 estimates of Kd values from five different soil types. 
In addition to these, samples of cereals were collected and CR values were reported. These new site-
specific data were used for parameterisation in this safety assessment. 

Another difference in this safety assessment compared with previous safety assessments is the use 
of elemental or parameteric analogues to fill data gaps, the use of analogue has been applied in a 
systematic way and rely more on site-specific data. In cases when the variability in the the vari-
ability in the underlying distribution from which the data are drawn.is not satisfactorily determined 
(for instance where few samples are avaliable), the parameter ranges are adjusted based on informa-
tion from a larger data set representing several elements. This method ensures that the selected data 
ranges are not underestimated due to scarce data. The method used is described in detail in Tröjbom 
et al. (2013). 

Diffusivity for free solution is handled in the same way as in previous safety assessment since no 
new data have become available. 

7.2 Influence of climate on parameter values 
Element-specific parameters are assumed to not be affected significantly by climate variations. 
The selected solis and biota are assumed to be representive also for warmer and colder climate 
Accordingly, the same parameter values are used in all calculation cases. 
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7.3 Soil/liquid partitioning coefficient, Kd

Distribution coefficients, Kd, were used to calculated the sorption of elements onto soils and particulate 
matter. The Kd model assumes a linear relationship between the concentration of an element sorbed to 
a solid phase and the elemental concentration in the dissolved phase. The Kd values are both element-
specific and site-specific since they depend on both the properties of the elements and the biogeochemi-
cal environment in the regolith or water compartment. In this safety assessment, Kd values have been 
derived for 31 elements in 9 regolith compartments, and for particulate matter in limnic and marine 
systems. The Kd parameters are listed and described in Table 7-1. The parameterisation methods used 
and the data selected are presented in Tröjbom et al. (2013). 

The selection of Kd values was based on a large set of site data collected both in Laxemar-Simpevarp 
and Forsmark (Sheppard et al. 2009, 2011, Engdahl et al. 2008, Kumblad and Bradshaw 2008). Despite 
the large site dataset, data were missing or not sufficient for parameterisation in some cases. In these 
cases, data gaps were filled by assigning values for elemental or parameteric analogues. In some cases, 
literature data were used to assign parameter values, but in most cases literature data were used as sup-
porting information. 

Table 7-1. Kd parameters used for estimation of sorption in the radionuclide transport model. 

Parameter Description

kD_PM_lake Distribution coefficient for particulate matter in lake water
kD_PM_sea Distribution coefficient for particulate matter in sea water
kD_regoGL Distribution coefficient in glacial clay
kD_regoLow Distribution coefficient in lower regolith (till)
kD_regoPeat Distribution coefficient anoxic layer of terrestrial regolith (peat)
kD_regoPG Distribution coefficient in post-glacial sediments
kD_regoUp_aqu Distribution coefficient in upper layer of aquatic regolith
kD_regoUp – Drained_mire Distribution coefficient in cultivated peat soils in industrial agricultural lands
kD_regoUp – Garden plot Distribution coefficient in soils of a modern kitchen garden
kD_regoUp – Inland_outfield Distribution coefficient in sandy soils in early agricultural lands
kD_regoUp_ter Distribution coefficient of upper oxic layer of terrestrial regolith (peat)

7.4 Concentration ratios
Concentration ratios, CR, were used to calculate uptake of radionuclides in biota. CR assumes a linear 
relationship between concentrations in biota and in surrounding media (soil or water). The CR values 
are element-specific, site-specific and biota-type-specific, since the uptake in biota depends on the 
properties of the element, the properties of the biota type and also on the biogeochemical environment 
of the surrounding medium (soil or water). CR values were assigned to 16 biota types for the calculation 
of environmental concentrations in biota and doses to humans. In addition, CR values were assigned 
to 41 biota types for calculation of dose rates to the biota in the dose assessment for non-human biota. 
The CR parameters used for calculation of dose to humans are listed and described in Table 7-2. The 
CR values used for calculation of dose rates to non-human biota are listed in Table 7-3. Four representa-
tive species other than the standard reference organisms included in the ERICA Tool have also been 
considered in this assessment; a freshwater benthic primary producer (microphytobenthos), a fresh-
water bird (Black tern), a marine bird (Ruddy turnstone) and a marine mammal (European otter). The 
approach has been to use the same CR values as for corresponding reference organisms since those are 
primarily based on site chemistry data. For microphytobenthos the CR values for limnic phytoplankton 
(cR_Lake_pp_plank_NHB) have been used. The birds and otter are assumed to feed in the aquatic eco-
systems and CR values for limnic or marine birds (cR_Lake_bird_NHB, cR_Sea_bird_NHB) or marine 
mammals (cR_Sea_mammal_NHB) were used for simulating radionuclide uptake in those organisms. 

CR values were assigned to the 31 elements included in the safety assessment, using a large site and liter-
ature data set. The parameterisation methods used and the data selected are presented in detail in Tröjbom 
et al. (2013). Site data were used when possible, but, in many cases, site data were not available. In these 
cases, parameteric and/or elemental analogues were used for parameterisation. In cases where no site data 
or suitable analogues were available, literature data were used for the parameterisation. Literature data 
were complied and used as supporting data to evaluate uncertainties in the selected site data. 
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Table 7-2. CR parameters used for estimation of uptake in biota in the radionuclide transport model. 

Parameter Description

cR_agri_cereal Concentration ratio between soil and cereal
cR_agri_fodder Concentration ratio between soil and fodder
cR_agri_tuber Concentration ratio between soil and potatoes
cR_agri_veg Concentration ratio between soil and vegetables
cR_food_herbiv Concentration ratio with respect to herbivores and their diet
cR_lake_cray Concentration ratio for crayfish in lake water
cR_lake_fish Concentration ratio for fish in lake water
cR_lake_pp_macro Concentration ratio for macrophytes in lake water
cR_lake_pp_micro Concentration ratio for microphytobenthos in lake water
cR_lake_pp_plank Concentration ratio for plankton in lake water
cR_ter_mush Concentration ratio between edible mushrooms and soil
cR_ter_pp Concentration ratio for terrestrial primary producers and soil
cR_sea_fish Concentration ratio for fish in sea water
cR_sea_pp_macro Concentration ratio for macrophytes in sea water
cR_sea_pp_micro Concentration ratio for microphytobenthos in sea water
cR_sea_pp_plank Concentration ratio for plankton in sea water
TC_meat Transfer coefficient from intake of radionuclides in fodder and water to meat from cows
TC_milk Transfer coefficient from intake of radionuclides in fodder and water to milk from cows

Table 7-3. Parameters used for estimation of dose rates to non-human biota (NHB).

Parameter Description

cR_Lake_amph_NHB Concentration ratio between lake water and amphibians
cR_Lake_bent_fish_NHB Concentration ratio between lake water and benthic fish
cR_Lake_bird_NHB Concentration ratio between lake water and birds
cR_Lake_bivalve_NHB Concentration ratio between lake water and bivalves
cR_Lake_crust_NHB Concentration ratio between lake water and crustaceans
cR_Lake_Fish_NHB Concentration ratio between lake water and fish
cR_Lake_gastr_NHB Concentration ratio between lake water and gastropods
cR_Lake_ins_larvae_NHB Concentration ratio between lake water and insect larvae
cR_Lake_mammal_NHB Concentration ratio between lake water and mammals
cR_Lake_pel_fish_NHB Concentration ratio between lake water and pelagic fish
cR_Lake_pp_plank_NHB Concentration ratio between lake water and phytoplankton
cR_Lake_pp_vasc_NHB Concentration ratio between lake water and vascular plants
cR_Lake_zoopl_NHB Concentration ratio between lake water and zooplankton
cR_Sea_bent_fish_NHB Concentration ratio between sea water and benthic fish
cR_Sea_bent_moll_NHB Concentration ratio between sea water and benthic molluscs
cR_Sea_bird_NHB Concentration ratio between sea water and birds
cR_Sea_crust_NHB Concentration ratio between sea water and crustaceans
cR_Sea_Fish_NHB Concentration ratio between sea water and fish
cR_Sea_mammal_NHB Concentration ratio between sea water and mammals
cR_Sea_pel_fish_NHB Concentration ratio between sea water and pelagic fish
cR_Sea_polych_NHB Concentration ratio between sea water and polychaete worms
cR_Sea_pp_macro_NHB Concentration ratio between sea water and macrophytes
cR_Sea_pp_plank_NHB Concentration ratio between sea water and phytoplankton
cR_Sea_pp_vasc_NHB Concentration ratio between sea water and vascular plants
cR_Sea_zoopl_NHB Concentration ratio between sea water and zooplankton
cR_Ter_amph_NHB Concentration ratio between soil and amphibians
cR_Ter_bird_egg_NHB Concentration ratio between soil and bird eggs
cR_Ter_bird_NHB Concentration ratio between soil and birds
cR_Ter_detr_inv_NHB Concentration ratio between soil and detrivorous invertebrates
cR_Ter_fl_ins_NHB Concentration ratio between soil and flying insects
cR_Ter_gastr_NHB Concentration ratio between soil and gastropods
cR_Ter_mammal_large_NHB Concentration ratio between soil and large mammals
cR_Ter_mammal_small_NHB Concentration ratio between soil and small mammals
cR_Ter_pp_grass_NHB Concentration ratio between soil and grass and herbs
cR_Ter_pp_lich_NHB Concentration ratio between soil and lichens and bryophytes
cR_Ter_pp_NHB Concentration ratio between soil and primary producers
cR_Ter_pp_shrub_NHB Concentration ratio between soil and shrubs
cR_Ter_pp_tree_NHB Concentration ratio between soil and trees
cR_Ter_rept_NHB Concentration ratio between soil and reptiles
cR_Ter_soil_inv_NHB Concentration ratio between soil and soil invertebrates
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7.5 Diffusivity in free solution
Diffusivity (D_water), is a proportionality constant between the mass flux due to molecular dif-
fusion and the gradient in the concentration of the element. The diffusivity values were used in 
the radio nuclide transport model for calculation of the diffusion fluxes between different regolith 
compartments. The values used are the recommended values for diffusivities in free solution, pre-
sented in Olsson and Neretnieks (1997, cited in Liu et al. 2006). For most of the elements included 
in the safety assessment, the diffusivity is assumed to be 1×109 m2 s–1. The values used are shown in 
Table 7-4. This coefficient has an SI unit of m² s–1, but in the radionuclide transport model the unit 
m2 year–1 was used.

Table 7-4. Diffusivity of different element in free solution presented in m2 year–1.

Element D_water (m2 year–1)

Ac 3.2E–02
Ag 5.3E–02
Am 3.2E–02
Ba 3.2E–02
C 3.8E–02
Ca 3.2E–02
Cd 2.3E–02
Cl 6.3E–02
Cm 3.2E–02
Co 3.7E–021

Cs 6.6E–02
Eu 3.2E–02
Ho 3.2E–02
H 3.8E–02
I 6.3E–02
Mo 3.2E–02
Nb 3.2E–02
Ni 2.1E–02
Np 3.2E–02
Pa 3.2E–02
Pb 3.2E–02
Pd 3.2E–02
Po 3.2E–02
Pu 3.2E–02
Ra 2.8E–02
Se 3.2E–02
Sm 3.2E–02
Sn 3.2E–02
Sr 2.5E–02
Tc 3.2E–02
Th 4.7E–03
U 3.2E–02
Zr 3.2E–02

1 The value for Co should be 2.2E–02. The value of 3.7E–02 was used in the safety assessment. This was discovered 
late in the work process and since the effect on the results is insignificant no corrections were made in the analysis. 
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8 Aquatic ecosystem parameters

This chapter describes parameters for the limnic and marine ecosystems. For a detailed description of 
these aquatic ecosystems see Andersson (2010) and Aquilonius (2010). The parameter values are, as 
far as possible, based on site-specific data, and otherwise on literature data. The landscape changes 
with time due to shore-line displacement, resulting in the transformation of marine basins into lakes, 
which, in time, are transformed to wetlands. Often a small stream remains that passes through the 
wetland. The geometry of the marine basins and lakes changes with time and therefore some aquatic 
parameters are time dependent and change with each time step in the model (i.e. 500 years for the 
marine stage and 100 years for the limnic stage). Other parameters are more related to the type of eco-
system and then one parameter value is valid for the entire marine stage and one for the entire limnic 
stage (lake and stream).

Some assumptions as to the development of lakes and marine basins in the future and under differ-
ent climates that are relevant for the choice of parameter values are also discussed in this chapter. 
Although photic depth is not used in the radionuclide transport model, the calculation of photic depth 
in lakes is described as it is used in the calculations of biological parameters, i.e. primary production 
only occurs in the photic zone (e.g. Wetzel 2001).

8.1 Experience from previous safety assessments
Transport of radionuclides in aquatic ecosystems has been modelled in previous safety assessments 
at SKB for SAFE, SAR-08 and SR-Site. Experience from these assessments, site investigations and 
research has led to continual development of the radionuclide transport model and updating of the 
parameters. Below is a comparison of aquatic parameters in SR-PSU with those used in previous 
safety assessments. 

Ecosystem models were basically the same for SAFE and SAR-08, although some parameter values 
were updated between the assessments (Karlsson et al. 2001, Bergström et al. 2008). Since SAR-08, 
the biosphere radionuclide transport model has been extended and continuous development of the 
landscape is now modelled. Consequently, the majority of aquatic parameters are new. Also, many 
parameters that were used in SAR-08 (e.g. relating to edible food, particulate matter, DIC) have also 
been updated due to new site data and updated models. 

The SR-PSU radionuclide transport model closely resembles the SR-Site model, although some 
updates have been made (Saetre et al. 2013a). Consequently, many of the aquatic parameters are 
identical to parameters used in SR-Site (aquatic SR-Site parameters are presented in Andersson 
(2010) and Aquilonius (2010)). However, since the model has been updated, some new param-
eters have been added and some parameters have been altered. In SR-Site, parameters for primary 
production in aquatic systems reflected net ecosystem production, i.e. primary production minus 
community respiration. In SR-PSU, the gross primary production is used and parameters relating 
to mineralisation rate are added. In this way, the aquatic part of the system more closely resembles 
the terrestrial part of the model, and it is easier to evaluate the effects of parameteric uncertainties 
related to the incorporation of elements from organic matter into sediments. Also, the handling of 
degassing of carbon across the water-air interface has been further developed in SR-PSU and model-
ling of gas uptake and degassing have been updated with a number of new parameters (see below). 

8.2 Influence of climate on parameter values
For aquatic ecosystems, altered climatic conditions are expected to have some effects on the param-
eter values used in the associated calculation cases. Even though several studies indicate rapid and 
observable changes in aquatic ecosystems following climate changes, the response is often difficult 
to predict (e.g. Smith et al. 2008, George 2010, Adrian et al. 2009). Ecosystems are complex and the 
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vast number of interactions leads to varying effects of temperature changes, e.g. the same tempera-
ture increase may lead to completely opposite responses in two different aquatic ecosystems (for 
detailed descriptions of expected responses of the aquatic ecosystems in Forsmark to altered climate 
conditions see Chapter 8 in Andersson (2010) and Chapter 7 in Aquilonius (2010)). For most param-
eters, site data of today at ambient climate conditions have been used to parameterise the global 
warming case, extended global warming case, periglacial climate case and talik case. This is justified 
by the fact that many parameters to a great degree, are dependent on factors other than temperature, 
such as catchment characteristics, lake morphometry, and nutrient status. Moreover, ranges in the 
estimates are assumed to cover also variations in the parameter values for future changes in climate. 
There are some exceptions to this. Although primary production may remain similar in both warmer 
and colder climates, fish production is often lower in colder climates and crayfish are dependent on 
longer vegetation periods than are encountered in periglacial conditions. Therefore, the production 
of edible food parameters are altered (see Section 8.10 below). 

8.3 Assumptions for limnic ecosystems
The present lakes in the Forsmark area are oligotrophic hardwater lakes, thoroughly described in 
the limnic ecosystem report (Andersson 2010). This type is very special, with low amounts of biota 
in the water column and high amounts of primary producers in the benthic habitat. Other lake types 
in the region are dystrophic lakes and larger eutrophic lakes. New lakes will form in the model area 
in the time frame of the safety analysis. It is likely that the lakes will have oligotrophic hard water 
characteristics. Moreover, the oligotrophic hardwater lakes are assumed to be autochthonous (i.e. 
the food web is mainly dependent on in-lake primary produced organic matter) and thus have a 
higher potential to incorporate radionuclides into the food web than lakes that are more dependent 
on allochthonous organic matter. Radionuclides from a geological repository tend to discharge at 
low points in the landscape such as lakes, streams and sometimes wetlands (SKB 2014c). A larger 
proportion of carbon-14 discharge from a repository can be incorporated in the aquatic food web if 
the aquatic ecosystem is autochthonous than if it depends on carbon from outside the lake, which is 
likely to be uncontaminated. Thus, all present and future lakes in the area are treated as oligotrophic 
hardwater lakes for two reasons, 1) it is assumed to be the most likely evolution, and 2) it is assumed 
to be the most cautious assumption. In order to ensure that the potential significance of other lake 
types in radionuclide modelling is taken into account, these other lake types are considered in the 
estimation of minimum and maximum parameter values. 

The biomasses and production of benthic macrobiota, microbiota, and pelagic biota in the stream 
stage of the objects are assumed to be similar on an areal basis to those of the lake stage and no 
separate parameter values are calculated for streams. Below follows a short description of the 
measurements in streams that justify this assumption. 

For streams in the area, data on macrophytes and biomass are rather scarce. The estimated biomass 
of macrophytes in streams (mean 35 gC m–2, median 12 gC m–2) (further described in Section 3.10.2 
in Andersson (2010)) is close to the median biomass in lakes.

The biomass of the microphytobenthos in streams is probably smaller than that in lakes, since there 
are no thick microbial mats. However, the benthic bacterial biomass may still be high. The biomass 
of microbiota depends on many factors: flow rates, nutrients, temperatures and catchment charac-
teristics. In arid regions where streams have little riparian vegetation, autotrophic production may 
be the major energy input to aquatic ecosystems, but in temperate regions with catchments domi-
nated by coniferous vegetation (as in Forsmark), energy comes mainly from allochthonous inputs 
(Lamberti 1996). In the latter areas, year-round shading by conifers probably limits autotrophic 
production. However, in the present Forsmark streams there are examples of dense vegetation (see 
Andersson 2010) indicating that production may be high. In order not to underestimate the potential 
uptake by primary producers, the same biomass and production as in lakes has been assumed for 
microphytobenthos in streams. Biomass has therefore also been set to the same value as in lakes. 
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Planktonic biomass varies along the stream section. Immediately downstream of a lake outlet, the 
phytoplankton biomass is usually very similar to that of the lake (further discussed in Section 3.10.2 
in Andersson (2010) and in Wetzel (2001)). Further downstream from a lake outlet, the phytoplankton 
biomass decreases. In larger streams, there may be a productive phytoplankton community. Assuming 
the same phytoplankton biomass as in lakes probably is an overestimation (see Section 3.10.2 and 
Chapter 6 in Andersson 2010), but this has a minor influence on the results of the assessment calcula-
tions due to the shallow depth of most streams in the model. Also the biomasses per unit area of edible 
fish and crayfish are assumed to be the same in lakes and streams. For shallow lakes (maximum depth 
less than 1 m), a permanent fish population is assumed not to exist (Andersson 2010). Migrating fish 
can occur in much shallower streams occasionally. Thus, for permanent fish populations, the same 
assumptions as for the lakes are assumed to be applicable. 

Even if production in one primary producer community (macrophytes, microphytobenthos and 
phyto plankton) is lower, it is possible that this is compensated for by higher production in another. 
Thus, as data from the streams are scarce it is reasonable to use the same data as for lakes as nutrient 
and light conditions are similar.

8.4 Assumptions for marine ecosystem
The marine basins in the model area in Forsmark are represented both by near-shore, shallow, 
secluded areas with high primary production (autotrophic) dominated by benthic macrophyte pro-
duction, as well as deeper heterotrophic areas dominated by the influx of carbon from more produc-
tive areas (see further Aquilonius 2010). The main focus in the safety assessment is the coastal area, 
since the most likely radionuclide discharge points from the repository are located in the coastal 
basins, hence, where parameters differ between coastal and off shore locations, the value repre-
sentative of coastal basins is generally used (e.g. piston_vel).

8.5 Particulate matter and dissolved inorganic carbon
The chemical properties of surface water affect the transport and accumulation of radionuclides. This 
section describes the concentrations of particulate matter (conc_PM_lake, conc_PM_sea) which are 
important for sorption/desorption of radionuclides (i.e. determine the available surface for sorption), 
and the concentrations of dissolved inorganic carbon, DIC, (conc_DIC_lake, conc_DIC_sea) which 
are important for the distribution of carbon-14. Several other chemical properties may also affect the 
transport of radionuclides, e.g. pH, salinity and temperature (described in Section 8.8). 

8.5.1 Particulate matter
The concentrations of particulate matter (described below) are used together with Kd values (see 
Section 7.3) to model the transport of radionuclides associated to particulate matter.

Concentration of particulate matter in lake
The parameter conc_PM_lake represents the concentration of particulate matter in lake water. This 
parameter was estimated based on site data on suspended particles in three Forsmark lakes in 2007 
and 2008 (n=63) (Data from Sicada2, March 2009). Many measurements were below the detection 
limit (< 2 mg L–1), in which case half the detection limit was used in the calculations. This approach 
is strengthened by a study of suspended particles at one occasion in April 2008 where measurements 
were performed with lower detection limit than usual (Engdahl et al. 2008). On that occasion, mean 
concentration from three lakes in the Forsmark area were about 1 mg L–1, i.e. half detection limit. 
Monthly averages were calculated from the standard site investigations for each lake (i.e. not includ-
ing Engdahl et al. 2008) and the annual mean concentration was calculated for the three lakes from 
these monthly means and used as the parameter value).

2  SKB’s database Sicada, access might be given on request.
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The minimum value was taken from the one sampling occasion in April 2008 (Engdahl et al. 2008) 
and was assumed to represent an annual minimum. This is because many of the measurements in 
the site investigations were below detection limit and may very well have been as small, or smaller, 
than the measurement in April 2008. The maximum value was set to the maximum observed value 
during the site investigations (i.e. a single observation). Thus, a single estimate was used to represent 
an upper bound annual mean value for lakes in a temperate region. This results in a somewhat higher 
annual estimate than expected to occur in the present oligotrophic hardwater lakes of Forsmark but 
might be appropriate to use as an annual mean for other lake types forming in Forsmark in the future, 
i.e. the range is over estimated for present conditions in order to not underestimate the range for pos-
sible future lake types in the area.

The concentration of particulate matter in streams was also measured during site investigations in 
Forsmark (see Andersson 2010). However, almost all values were below the detection limit, and any 
observed differences between the concentrations in streams and lakes were too small to indicate any 
real difference. The lake value of conc_PM_lake was therefore used for both lakes and streams.

Concentration of particulate matter  in sea
This parameter (conc_PM_sea) represents the concentration of particulate matter in the water 
column. The particulate matter in sea water was measured at four sites during 2007 and 2008 (N=15) 
in Forsmark (Data from Sicada3 , March 2009). Minimum and maximum are the measured minimum 
and maximum values over all sites and sampling events. Some measurements were below the detec-
tion limit (< 2 mg L–1), in which case the value was not used. Monthly averages were calculated 
from the standard site investigations for each sampling site and the annual mean concentration was 
calculated from these monthly means and used as the parameter value (Table 8-1).

Table 8-1. Parameter values of particulate matter for lakes and sea (conc_PM_lake, conc_PM_
sea). Mean and stdev are for the marine values based on 15 sampling occasions distributed over 
4 sites and for the limnic values on annual mean from 3 lakes (see text)

Mean Stdev Minimum Maximum Distribution

conc_PM_lake (kgdw m–3) 0.0011 0.00004 0.0003 0.0025 Normal
conc_PM_sea (kgdw m–3) 0.0029 0.0012 0.0015 0.0054 Normal

8.5.2 Dissolved inorganic carbon
The concentration of dissolved inorganic carbon, DIC, is used to model the concentration of carbon-
14 transferred upwards in the food chain, i.e. any carbon-14 released into the water is assumed to be 
incorporated into biota in relation to its proportion to carbon-12 already present in the water volume.

Concentration of DIC in lake water
This parameter (conc_DIC_lake) represents the concentration of dissolved inorganic carbon, which 
was sampled and analysed during the site investigations in Forsmark. The mean values from 6 lakes 
(Tröjbom and Söderbäck 2006) were used to calculate the parameter value, Table 8-2.

The high concentration of DIC in the Forsmark lakes is due to the calcareous soils in the area. 
With time, the calcite will be depleted and the soil contribution of DIC to lakes will become small 
(Tröjbom and Grolander 2010). Therefore, the median value for lakes in the Laxemar-Simpevarp 
area was used as a minimum value of this parameter. This is one order of magnitude lower than the 
mean value, but some individual observations during the year are even lower in the Forsmark area 
(see Section 3.9 in Andersson 2010). The maximum value was set to the highest mean value of the 
6 observed lakes in the Forsmark area (Tröjbom and Söderbäck 2006). The median, mean, minimum 
and maximum values of DIC are presented in Table 8-2. The measured concentration of dissolved 
inorganic carbon in streams is similar to that in lakes, so the values for lakes were used for steams.

3 SKB’s database Sicada, access can be given on request.
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Concentration of DIC in sea water
This parameter (conc_DIC_sea) represents the concentration of DIC in the marine water column. 
Mean, minimum and maximum represent the range of measurements. The concentrations of DIC 
were sampled and analysed during the site investigations in Forsmark. The annual average value at 
five sites during the years 2002 to 2006 (n=5, 267 subsamples) have been used in the radionuclide 
model calculations. The parameter values (conc_DIC_sea) are presented in Table 8-2.

Table 8-2. Mean, minimum and maximum of conc_DIC in lakes and sea in Forsmark. The meas-
ured concentrations of DIC in streams are presented as a comparison to the lake values that 
were used in the model.

Mean Stdev Minimum Maximum Distribution

conc_DIC_sea (kgC m–3) 0.011 0.005 0.0003 0.027 Normal
conc_DIC_lake (kgC m–3) 0.022 0.010 0.0023 0.029 Normal
Measured concentration of DIC 
in Forsmark streams (kgC m–3)

0.026 0.010 0.0009 0.059

8.6 Biomass and production of primary producers
Production of biota is important for uptake of radionuclides into organisms. Uptake is calculated 
using concentration factors, CRs, which are further described in Section 7.4. The production of 
biota is important not only for estimating radionuclide uptake in biota, but also for estimating the 
flux of radionuclides to sediments in lakes and sea. The biota incorporate radionuclides and the pro-
duction excess (i.e. the net ecosystem production) settles on the lake or sea floor as sediment or is 
transported to downstream objects. It is therefore important to estimate biomass (biom_pp) and net 
primary productivity of biota (NPP), as well as the fraction of production that is not decomposed but 
contributes to sedimentation (f_refrac, described in Section 8.7). After sedimentation, organic matter 
it is further mineralised and only a small fraction is permanently buried. This fraction is estimated 
by calculating the mineralisation rate (min_rate) for the different sediment layers (upper regolith and 
post glacial deposits) as described in Section 8.7. To be able to calculate the biomass, production 
and fraction of primary producers not decomposed, the aquatic ecosystems are divided into three 
communities according to habitat: 1) phytoplankton (biom_pp_plank, NPP_plank), 2) macrophytes 
including macro-algae (biom_pp_macro, NPP_macro) and 3) microphytobenthos (biom_pp_micro, 
NPP_micro).

8.6.1 Parameters affecting biomass and production of primary producers
Biomass and production of primary producers are dependent on many factors of which nutrient and 
light availability are often the most important. Nutrient concentrations in future aquatic ecosystems 
are assumed to be similar to those occurring at present. Light availability on the other hand may 
differ due to the different geometry of future marine and lake basins. Therefore the photic depth (the 
depth to which photosynthesis is possible) and basin depth of aquatic objects have been calculated, 
as described below, although they are not directly incorporated into the radionuclide transport model. 
Instead, the depth parameters are used in calculation of biomass and production described below. 

Photic depth 
The photic depth, i.e. where there is enough light for photosynthesis to occur, corresponds to the 
depth at which 1% of the incoming light remains. The present-day lakes in Forsmark are all shal-
low and the entire lake bottoms are situated within the photic zone. Some of the future lakes will be 
deeper and probably contain aphotic bottoms, i.e. where the light climate is too poor to allow photo-
synthesis. Although the entire depth of the present-day Forsmark lakes is photic, a theoretical photic 
depth in the lakes has been calculated with the aid of light extinction curves from present lakes. 
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Light measurements in two lakes in Forsmark, Bolundsfjärden and Eckarfjärden, were performed 
biweekly from 2003 to 2008 in the SKB site investigations (Sicada4, March 2009). For each date, 
a regression of light extinction was used to extrapolate the curve until only 1% of the incoming 
light remained (Figure 8-1). For weeks lacking measurements, a mean for the photic zone was cal-
culated from the weeks before and after. Production in the lakes occurs mainly during the summer 
(Andersson and Brunberg 2006), so the mean annual photic depth was calculated from the begin-
ning of April to the end of September. A calculation for Eckarfjärden and Bolundsfjärden resulted 
in a mean photic depth of 4.3 m. This photic depth has been assumed to be valid for future lakes 
and streams. Other factors may influence photic depth, such as water chemistry and the biomass of 
plankton. In two large Uppland lakes, Limmaren and Erken, the Secchi depth (approximately half 
the photic depth) is c. 2 and 5 m, respectively (Weyhenmeyer 1999, Weyhenmeyer et al. 1999) thus 
indicating photic depths of 4 and 10 metres, respectively. Thus, although photic depth may vary it is 
clear that our estimate is within the range of values derived from present-day Secchi depths in deep 
lakes in the region. 

4  SKB’s database Sicada, access might be given on request.

Figure 8-1. Theoretical photic depth in lakes Bolundsfjärden and Eckarfjärden, calculated by extrapolating 
light extinction curves in the lakes.
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8.6.2 Biomass
The biomass parameters represent the biomass of primary producers of the three communities in the 
aquatic ecosystem; the benthic macrophyte community (biom_pp_macro), the benthic microphyte 
community (biom_pp_micro) and the pelagic plankton community (biom_pp_plank).

For lakes, the biomasses of these primary producers were based on site data, literature and assump-
tions regarding relationships between biomass, production and light (further explained below and 
discussed in Andersson (2010). 

For the sea, the biomasses of the different primary producer communities were interpolated with a 
GIS model. The GIS model used site data, literature values and assumptions described in detail in 
Chapter 4 in Aquilonius (2010) to estimate biomasses for each grid cell (20×20 m) in the marine 
model area.

In order to generate parameter values for the various time steps in the radionuclide model, the annual 
mean values in the separate basins were correlated with depth, and the parameter values versus depth 
are presented in Figure 8-2, Figure 8-3 and Figure 8-4. Primary producers occur down to depths at 
which 1% of incoming light remains (photic depth). The measured abundances of primary producers 
indicate a small difference in photic depth between the communities (19 versus 20 m), and accord-
ingly the same depth was used for all communities. The geometric parameters of the basins (mean 
depth, maximum depth, photic area) are modelled in the dynamic landscape model (Brydsten and 
Strömgren 2013).

The times series with the object-specific biomasses are presented in Appendix C. 

Biomass for macrophytes in lakes
The parameter biom_pp_macro represents the biomass of macro-algae described as mean biomass 
per m2 lake area. For calculation of this parameter, the biomass in the photic zone is multiplied by 
the photic area and divided by the lake area.

In the Forsmark lakes, the biomass of macro-algae in the photic zone is estimated as the median 
biomass of Chara sp. from site investigations in Lake Bolundsfjärden (22 gC m–2, further described 
in Andersson (2010)). This biomass was used for the entire photic zone, although measurements in 
present-day lakes only reach depths of c. 2 m, i.e. the maximum depths of the present-day lakes. 
However, Chara has been found to depths of c 40 m in other lakes (Kufel and Kufel 2002 and refer-
ences therein) and therefore Chara was assumed to occur at the entire photic depth (down to 4.3 m) 
in the future larger and deeper lakes.

The median value of the macro-algae biomass in Forsmark (22 gC m–2) is in the lower part of the 
range (recalculated to 11–134 gC m–2) found in a literature review by Kufel and Kufel (2002 and ref-
erences therein). The minimum and maximum values for macro-algae were set to the minimum and 
maximum values found in the literature (i.e. 11 and 134 gC m–2, respectively) although the higher 
values most probably represent more nutrient-rich lakes than the Forsmark lakes.

Biomass for microphytobenthos in lakes
The parameter biom_pp_micro represents the biomass of microphytobenthos described as a mean 
biomass per m2 lake area. For calculations of this parameter the mean biomass in the photic zone is 
multiplied by the photic area and divided by the lake area. 

Most Forsmark lakes contain a “microbial mat”, i.e. a thick microbial matrix consisting of micro-
phytobenthos and benthic bacteria. The microbial mats in Forsmark are several centimetres thick, 
which is remarkable in comparison with most other lakes in Sweden and Europe (Andersson 2005). 
In general, light is assumed to penetrate benthic matrixes down to depths of millimetres (Hill 1996 
and references therein), and the algal matrix in lakes in Sweden and Europe is usually only millime-
tres thick (e.g. Hargrave 1969, Wiltshire 2000). The microbial mats of the Forsmark lakes are further 
described in the limnic ecosystem report (Andersson 2010). Th mean value of microphytobenthos 
biomass (3.8 g C m–2) from site-specific measurements at 1.5 m depth in Lake Eckarfjärden was 
assumed to be valid for the entire photic zone in future Forsmark lakes. A few of the Forsmark lakes 
in the area lack a thick microbial mat, and in those kinds of lakes the biomass is undoubtedly lower.  
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No correlations have been found between the occurrence of microbial mats and depth or height above 
sea level. Therefore, it is not possible to predict which of the future lakes will contain the microbial mats. 
Since most lakes contain these thick microbial mats, the same biomass is assumed for all future lakes. 

The annual mean biomass of the microphytobenthos in Lake Eckarfjärden during the period 2000 to 
2002 ranged from 2.8 to 5.8 g C m–2 (Andersson et al. 2003, Blomqvist et al. 2002). The geometric 
and arithmetic means for microphytobenthos biomass are similar, 3.6 and 3.8 g C m–2. The dataset 
is small (n=3 years) and it is difficult to draw any conclusion regarding ranges in annual means. 
However, the range assuming a lognormal distribution (1.6–8.1 g C m–2) is somewhat larger, and 
in order to avoid underestimating maximum values, the larger value of a 95% confidence interval 
(8.1 g C m–2) has been used in calculating the maximum benthic community biomass. Some lakes in 
Forsmark lack a microbial mat, typical of the majority of the lakes. A minimum biomass of micro-
phyto benthos was calculated by assuming a few millimetres thick microbial mat corresponding to 
more normal occurrence of benthic microalgae, and the biomass in the photic area was set to one 
order of magnitude lower (0.38 gC m–2) than in lakes with microbial mats. 

Biomass of phytoplankton in lakes
The parameter biom_pp_plank represents the biomass of phytoplankton, described as a mean biomass 
per m2 lake area. 

The phytoplankton biomass has been investigated for 3 years in the existing Lake Eckarfjärden in 
Forsmark and the annual mean biomass ranged from 0.022 to 0.057 gC m–3. The annual mean biomass 
was used for the parameter calculations (biomass and species composition of phytoplankton in Forsmark 
lakes are further described in Andersson (2010)), i.e. the average biomass per m3 of phytoplankton 
(mean 0.04 gC m–3, n=3 years) was multiplied by the average depth to obtain the biomass per m2.

Both the geometric and the arithmetic mean phytoplankton biomass density were 0.04 g C m–3. 
The dataset is small (n=3 years) and it is difficult to draw any conclusion regarding distribution. 
Calculating a range using 95% confidence interval using a lognormal distribution gives a somewhat 
higher range than using normal distribution (minimum 0.015 gC m–3 and a maximum of 0.097 gC 
m–3). This range is very similar to the phytoplankton range in oligotrophic lakes obtained from the 
literature (0.02 to 0.10 gC m–3 (Wetzel 2001 and references therein). Minimum and maximum values 
were set to the literature range for oligotrophic lakes i.e. 0.02 and 0.10 gC m–3, respectively.

Biomass of macrophytes in sea
biom_pp_macro represents the biomass of the macro-benthic producer community (macrophytes). 
In areas shallower than 19 m (the photic area), biomass was calculated according to the macrobenthic 
biomass correlation with depth based on site data. The macrobenthic biomasses were calculated with 
the depth function from (Olenin 1997):

Biomass (kgC m–2) = 0.0387 e–0.17x, where x is m depth) 

This equation result in biomasses that are in accordance with reported biomasses of benthic macro-
phytes and their depth distribution (Figure 8-2).

Biomass of microphytobenthos in sea
This parameter represents the biomass of the microbenthic producer community, i.e. the microphyto-
benthos. For the microbenthic community, the biomass for the various time steps in the radionuclide 
transport model were calculated according to the microphytobenthic biomass correlation with depth 
down to 19 m. The micro-benthic biomass was calculated according to:

Biomass (kgC m–2) = 0.0002x + 0.0038

where x is depth in m

The biomass equation is based on site-specific GIS model of the area, (see Section 6 in Aquilonius 
(2010)). In Figure 8-3 the mean parameter values versus mean depth in the separate marine basins are 
plotted together with the depth function of the parameter.
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Figure 8-2. Macro-benthic biomass (biom_pp_macro) vs. depth in the marine model area in Forsmark 
based on GIS modelling of present marine basins in Forsmark together with the equation used to derive 
mean values of microphytobenthos biomass in future marine basins.
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Figure 8-3. Microbenthic biomass (biom_pp_micro) versus depth in the marine model area in Forsmark 
based on GIS modelling of present marine basins in Forsmark together with the equation used to derive 
mean parameter values of microphytobenthos biomass in future marine basins.
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Biomass of phytoplankton in the sea
This parameter (biom_pp_plank) represents the biomass of the pelagic plankton community (phyto-
plankton) per area of the sea basin. The biomass was calculated according to the pelagic biomass 
in samples from site investigation in Forsmark (Aquilonius 2010) and the correlation of these data 
with depth. In Figure 8-4 the mean parameter value versus mean depth in the separate marine basins 
(from the site-specific GIS model of the area, see Section 6 in Aquilonius (2010)) is plotted together 
with the depth function of the parameter. 
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8.6.3 Net primary production 
This parameter represents the net primary production (NPP) for each aquatic primary producer com-
munity, i.e. the benthic macrophyte community (NPP_macro), the benthic microphytic community 
(NPP_micro) and the pelagic community (NPP_plank).

The times series with the object-specific NPP values are presented in Appendix C. 

NPP of macro-algae and macrophytes in lakes
The parameter NPP_macro represents the net productivity of macro-algae and macrophytes. The 
annual production of macro-algae (8.7×10–2 kgC m–2year–1) was measured at Forsmark (Karlsson and 
Andersson 2006) and this production was applied to the entire photic area in all lakes. The produc-
tivity in streams is assumed to be identical to the productivity in lakes, although species composition 
may differ.

The estimated primary production by macro-algae is within the range of values reported in the litera-
ture. Also the relation between maximum biomass and production of macro-algae is in accord with 
the literature, e.g. Wetzel (2001, p 554) suggested that the maximum biomass of Chara corresponds 
to 10–80% of net primary production, whereas Blindow et al. (2006) assumed that a small propor-
tion of biomass production was lost and considered a reasonable value of production of Chara to 
be 1.2 to 1.4 times maximum biomass. Measurements of the production in Lake Bolundsfjärden in 
Forsmark suggest an annual production of 4 times the maximum biomass of Chara. Minimum and 
maximum production rates from the literature may be higher than appropriate for this lake type, but 
minimum production was set to 1.4 times maximum biomass (as suggested by Rich et al. (1971) and 
also cited by Blindow et al. (2006)) whereas maximum production was set to 10 times the maximum 
biomass (as suggested for maximum production by Wetzel (2001)), i.e. minimum 3.1×10–2 kgC 
m–2year–1 and maximum 2.2×10–1 kgC m–2year–1.

Figure 8-4. Pelagic biomass (biom_pp_plank) vs. depth in the marine model area in Forsmark based 
on GIS modelling of present marine basins in Forsmark together with the equation used to derive mean 
parameter values of phytoplankton biomass in future marine basins. 
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NPP of microphytobenthos in lakes
The parameter NPP_micro represents the net primary productivity of the microphytobenthos. The 
annual production of the microphytobenthos (5.6×10–2 kgC m–2 year–1) measured at 1.5 m depth 
(further described in Andersson 2010) in one of the Forsmark lakes was applied to the entire photic 
area in both present and future lakes. Primary production by microphytobenthos may increase at 
shallower depths and decrease at larger depths than 1.5 metres, but in a whole ecosystem perspec-
tive this is compensated for by decreased and increased production of phytoplankton (NPP_plank). 
No corrections for depth have been made for either microphytobenthos or phytoplankton, since the 
responses are assumed to offset each other. The productivity in streams is assumed to be identical to 
the productivity in lakes.

The annual production of microphytobenthos has been measured in Lake Eckarfjärden in Forsmark 
for 2 years (mean 5.6×10–2, min 3.4×10–2, max 7.7×10–2 kgC m–2 year–1). Some lakes in the area 
lack microbial mats and for these, the production is probably much smaller. Minimum biomass was 
assumed to be one magnitude lower than the mean value, i.e. the same assumption as used for pro-
duction by microphytobenthos. Since measurements only cover 2 years, the range in production may 
be higher than captured in the site-specific measurements. The production in the lakes is already esti-
mated to be high but a somewhat larger maximum was chosen than seen in the 2 years measurement, 
i.e. double the mean production, i.e. 1.12×10–1 kgC m–2 year–1.

NPP of phytoplankton in lakes
The parameter NPP_plank represents the net primary productivity of phytoplankton. The integrated 
primary production of phytoplankton to 1.5 m depth (2.4×10–2 kgC m–2 year–1) was used as a measure 
of primary production for all future lakes (further described in Section 3.10 in Andersson (2010)). 
Although some future lakes will be shallower and others deeper, no correction has been made for 
depth, but the estimate is assumed to be reasonable for the entire photic zone. Most primary production 
occurs in the upper part of the pelagic habitat and primary production of phytoplankton has been shown 
to be directly proportional to light (Wetzel and Likens 1991). The median light extinction equation 
from site measurements during the period 2003 to 2008 resulting in a photic depth of 4.3 m showed 
that 80% of total primary production occurs in the upper 1.5 metres (Figure 8-5) (see Andersson 2010). 
Thus, in lakes that are deeper than 1.5 metres, primary production may be under estimated by at most 
20%. Likewise, in 1 metre deep lakes which occur in a few time steps, the primary production is over-
estimated by up to at most 40%. In addition, as primary production decreases in the pelagic community 
it may increase in the benthic community (NPP_micro and NPP_macro) due to increased light condi-
tions when water depths decreases. No changes are made for production in the benthic community 
when water depth decreases and thus it is realistic to assume the same production value as at present. 
The productivity in streams is assumed to be identical to the productivity in lakes

Figure 8-5. Light extinction curve from May 2005 in Eckarfjärden. This equation results in a photic depth 
of 4.3 m (photic depth is the depth at which 1% of the incoming light remains).
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Primary production has been measured for 2 years in the Forsmark lakes with small differences 
between years (2.3–2.5×10–2 kgC m–2 year–1 (Andersson 2010). In the literature, on the other hand, 
phytoplankton production spans a wide range, but measured production is well within the range 
for oligotrophic lakes reviewed in Wetzel (2001) (range 6×10–4 to 0.18 kgC m–2 year–1). However, 
the range given by Wetzel (2001) includes very deep lakes and permanently ice covered lakes. 
Thus, the literature range is probably much larger than what can be expected for the Forsmark 
site. Future lakes in Forsmark may be deeper and have a somewhat altered nutrient status, but are 
assumed to largely resemble the present-day lakes regarding flora. Thus, the range of phytoplank-
ton production is not assumed to differ greatly from today. If phytoplankton production is altered 
greatly, this change is probably compensated for by altered benthic production. A realistic change 
in productivity is thus set to a factor 2, i.e. minimum 1.2×10–2 kgC m–2 year–1 and maximum 
4.8×10–2 kgC m–2 year–1. 

NPP of macrophytes in sea
The net primary production of macrophytes (NPP_macro) has been modelled in GIS as dependent on 
irradiance and possible substrates in the model area (see Sections 4 and 6 in Aquilonius 2010). The 
parameter NPP_macro was calculated for the marine time steps for various basin depths using the 
depth function for NPP:

 NPPmacro (kgC m–2) = 0.197 e–0.163x

where x is depth in m. 

NPP of microphytobenthos in sea

The net primary production of microphytes (NPP_micro) has been modelled in GIS as dependent 
on irradiance and possible substrates in the model area (see Sections 4 and 6 in Aquilonius 2010). 
NPP_micro was calculated using the resulting depth function:

NPPmicro (kgC m–2) = 0.0021x + 0.0496

where x is depth in m.

Figure 8-6. The mean macrophyte NPP value versus mean depth in the separate marine basins based 
on GIS modelling in the present Forsmark area (see Aquilonius 2010) and the equation used to calculate 
macrophyte NPP in future marine basins.
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NPP of phytoplankton in sea
Based on the phytoplankton biomass interpolated over the marine model area in a GIS model, the 
annual average phytoplankton production (NPP_plank) was obtained by multiplying the areal bio-
mass by an overall production-biomass (P/B) ratio set to 101 year–1 in Forsmark (Aquilonius 2010, 
Chapter 4 and 6, Harvey et al. 2003, Sandberg et al. 2000, Elmgren 1984, Wulff and Ulanowicz 
1989). The mean values of NPP per basin were correlated to the mean depth of the basins (r=0.8).

Based on the GIS model of biomasses and assumptions of P/B relationship, the parameter, 
NPP_plank, was calculated for the various basin depths using the depth functions for NPP:

NPPplank (kgC m–2) = 0.0019x

where x is depth in m. 

Figure 8-7. The mean microphytobentos NPP value versus mean depth in the separate marine basins based 
on GIS modelling in the present Forsmark area (see Aquilonius 2010) and the equation used to calculate 
microphytobenthos NPP in future marine basins.
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Figure 8-8. The mean phytoplankton NPP value versus mean depth in the separate marine basins based 
on GIS modelling in the present Forsmark area (see Aquilonius 2010) and the equation used to calculate 
phytoplankton NPP in future marine basins.
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8.7 Decomposition and mineralisation
Elements incorporated into primary producers can be released upon decomposition and only a frac-
tion will settle on sediments in aquatic ecosystems. In the sediments further decomposition (i.e. 
mineralisation) occurs, decreasing the amount of organic matter that is permanently stored in the 
sediments. To calculate the amount of carbon that accumulate in sediments, the fraction of primary 
production that contributes to sedimentation (refractory organic carbon) and the mineralisation rate 
in the sediments are calculated. 

8.7.1 Thickness of oxidising upper regolith layer
z_regoUp_lake 
Lake_z_regoUp represents the depth of the upper oxygenated regolith layer in lakes and streams. 
Most of the lake sediments in the Forsmark area are covered by a loose layer of algae and cyano-
bacteria (microbial mat) that can be very thick. This layer is easily mixed and the thickness of 
the oxygenated zone is estimated to equal that of the microbial mat. In lakes lacking a microbial 
mat, the thickness of the oxygenated zone is estimated to be 1 cm. There is no correlation between 
lake bathymetry and the occurrence or absence of microbial mats (Andersson 2010, Table 3.17). 
Lake_z_regoUp was calculated as the mean thickness of the oxygenated zone investigated lakes of 
today: mean 0.053 m, (min 0.01 m, max 0.30 m, n=9 lakes, 149 subsamples). In streams, the redox 
zone may be thinner than in the lakes (0.053 m) as no thick microbial mat is found in the streams. On 
the other hand, stream currents stir up the sediments, and benthic fauna in streams may create a deeper 
oxygenated zone than in lakes lacking a microbial mat. As no measurements of Lake_z_regoUp are 
available for the streams today, the value for the lakes is also used for the streams.

z_regoUp_sea 
The mean depth of the parameter was set to 0.1 m according to Håkansson et al. (2004) (minimum 
0 and maximum 0.2 m) based on an average of data from the Baltic Sea.

8.7.2 Refractory organic carbon
Refractory organic carbon is the part of the primary production NPP that is not decomposed or 
exported, but contributes to the sediment accumulation of organic carbon, i.e. the refractory organic 
matter left after initial mineralisation.

On the time scale of a year, the primary producer biomass is assumed to be in equilibrium, which 
means that the net primary production (NPP) is balanced by an equal loss of biomass through graz-
ing and litter production. Most of the biomass lost is easily metabolized by grazers and decomposers 
(see minRate below), but a part of the lost biomass is made up of refractory carbon (f_refrac) which 
decomposes much more slowly and thus will contribute to the build-up of organic matter in the sur-
face sediments.

The flow of radionuclides associated with the flow of dead organic matter from primary producers to 
the upper sediments is assumed to be directly related to the fraction of the primary producer biomass 
that is not easily decomposed (f_refrac_i). To get the total flux of radionuclides associated with litter 
production a sum is taken across all primary producer communities (i = {plank, micro, macro}). The 
parameters for refractionary carbon for the different communities are described below and summa-
rised in Table 8-3.

Fraction of macrophyte production that contribute to sediment accumulation in lakes
The parameter f_refrac_macro_lake is the fraction of primary production of macrophytes in lakes 
that is not degraded but instead contributes to sediment accumulation of organic carbon. For macro-
phytes, especially macro-algae, a larger part of the production may remain in the sediments without 
decomposition than for phytoplankton. In the sediments of Forsmark lakes, parts of Chara are 
sometimes found at great depths. Many experiments focusing on decomposition rates go on for a 
couple of weeks whereas here the interest is in one year decomposition rates to derive an annual 
mean. Literature suggests that 20–100% of the initial dry weight of submerged macrophytes is 
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decomposed (Wetzel 2001, p 653, Belova 1993, Chimney and Pietro 2006). Values in the higher 
range are for easily degradable macrophytes and values in the lower range are usually for relatively 
short time periods. Chara is sometimes mentioned as more slowly degraded than other macrophytes. 
Different studies suggest that between 20 and 40% of nutrients assimilated by Chara during growing 
season remains in the plant tissues (Kufel and Kufel 2002, Rodrigo et al. 2007). Based on these stud-
ies, minimum and maximum amount remaining after initial decomposition were set to 0.2 and 0.4 
respectively and the parameter value was set to 0.3.

Fraction of phytoplankton production that contribute to sediment accumulation in lakes
The parameter f_refrac_plank_lake is the fraction of primary production of phytoplankton in 
lakes that is not degraded but instead contributes to sediment accumulation of organic carbon. 
Phytoplankton are small and easily degradable and large amounts of phytoplankton production are 
decomposed by bacteria in lakes. For example, Wetzel (2001, pp 516–517) states that between 75 
and 99% of phytoplankton production in lakes is decomposed by the time it reaches the sediment 
surface. The phytoplankton community in the Forsmark lakes is largely made up of chrysophytes and 
cryptophytes which should be relatively easily degradable. However, although f_refrac_plank_lake 
could be set to correspond to the highest decomposition rate, the parameter value is instead set to 
0.1 (90% are assumed to be decomposed and 10% remain undegraded) in order not to underestimate 
the transport of carbon to the sediment. The minimum and maximum values are set to 0.01 and 0.25, 
respectively (i.e. corresponding 99 and 75% decomposition).

Fraction of microphytobenthos production that contribute to sediment accumulation in 
lakes and sea
The parameters f_refrac_micro_lake and f_refrac_mico_sea are the fractions of primary production 
of microphytobenthos that are not degraded on an annual basis, but instead contribute to sediment 
accumulation of organic carbon. For microphytobenthos, fewer studies on decomposition are avail-
able than for phytoplankton. Since both phytoplankton and microphytobenthos are microbiota and 
can be assumed to resemble each other, the same parameter values as for phytoplankton have been 
applied, i.e. 0.1 (min 0.01, max 0.25).

Fraction of macrophytes that contribute to sediment accumulation in seas
The parameter f_refrac_macro_sea is the fraction of primary production of macrophytes in marine 
basins that is not degraded but instead contributes to sediment accumulation of organic carbon. 
A large fraction of the photosynthetic carbon in marine ecosystems is decomposed within the system. 
The high content of structural carbon in perennial macrophytes makes them less useful for herbivory, 
consumption and microbial decomposition than phytoplankton. 

Accumulation rates of organic carbon in different basins of the open Baltic Sea (not coasts) range from 
c 0.0035 to 0.050 kgC m–2 year–1 during the past c 60 years (Emeis et al. 2000, Algesten et al. 2006, 
Jonsson et al. 2000, Leipe et al. 2011). In coastal basins on the other hand, accumulation is often higher 
than in offshore areas and e.g. in the Bothnian Bay is on average 0.024 kgC m–2 year–1 (range: 0.020–
0.028 kgC m–2 year–1) (Algesten et al. 2006). The average long-term accumulation rate of organic 
carbon in coastal sites in Forsmark is 0.014 kgC m–2 year–1 according to Sternbeck et al. (2006). 

More studies are available on the amount of NPP that contributes to sediment accumulation for 
phytoplankton than for macrophytes (see f_refrac_plank). However, if the sediment accumulation is 
known and by assuming that 10% of annual NPP from phytoplankton and microphytobenthos remain 
undegraded (see f_frefrac_plank and f_refrac_micro) and contributes to the accumulation, the contri-
bution from macrophytes to accumulation can be calculated. 

If the estimate from Sternbeck et al. (2006) of 0.014 kgC m–2 year–1 is used together with mean 
production for future marine basins, an estimate for marine basins in Forsmark of c. 13% of NPP by 
macrophytes remains undegraded and contribute to accumulation This is somewhat low compared 
with literature and e.g. Duarte and Cebrián (1996) report that macrophytes on average contribute 
24–43% of their NPP to the sediments, and Hesikanen and Leppänen (1995) reported that for the 
Baltic sea 39% of carbon from net primary production during the vegetation period is transferred 
to the sediments. 
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If the value of sediment accumulation estimated as 0.24 kgC m–2 year–1 from the Bothnian Bay 
(Algesten et al. 2006) is used instead of the value from Forsmark (Sternbeck et al. 2006), 28% of 
NPP by macrophytes remains undegraded. However, it is likely that more is degraded in the warmer 
Forsmark coastal areas than in the Bothnian Bay and carbon accumulation in coastal areas most 
probably also includes allochtonous material from terrestrial areas. Thus, by using the value of 28% 
of macrophytes remaining undegraded might result in an overestimation of the auotochtonous carbon 
fraction transferred to the sediment. Nevertheless, since it is a cautious assumption to have more 
carbon remaining (more carbon and elements are bound into sediments than transported out of the 
model area) data from Algesten et al. (2006) were applied and the parameter value was set to 0.3, the 
minimum was set to 0.1 (based on Sternbeck et al. 2006) and the maximum to 0.4 (based on Duarte 
and Cebrián 1996).

Fraction of phytoplankton production that contribute to sediment accumulation in seas
The parameter f_refrac_plank_sea, is the fraction of primary production of phytoplankton in marine 
basins that is not degraded on an annual basis, but instead contributes to sediment accumulation of 
organic carbon. These primary producers are more easily degradable and are probably more rapidly 
consumed/mineralized than macrophytes. Duarte and Cebrián (1996) stated that less than 1% of 
oceanic phytoplankton is transferred to the sediments due to the high fraction rapidly used for her-
bivory and decomposition, whereas James (2005) stated that up to 10% of the phytoplankton produc-
tion is transferred to the sediment in the sea. The value from James (2005) of 0.1 is chosen in order 
to not underestimate the transport of carbon to the sediment. The minimum value was set to 0.01 as 
in Duarte and Cebrián whereas the maximum value was set to 0.025 (identical to the lake value).

Table 8-3. Mean, minimum and maximum of f_refrac in Forsmark, used in the radionuclide 
modelling. 

Mean Minimum Max Distribution

f_refrac_macro_lake (kgC kgC–1) 0.30 0.20 0.40 Uniform
f_refrac_micro_lake (kgC kgC–1) 0.10 0.01 0.25 Uniform
f_refrac_plank_lake (kgC kgC–1) 0.10 0.01 0.25 Uniform
f_refrac_macro_sea (kgC kgC–1) 0.30 0.10 0.40 Uniform
f_refrac_micro_sea (kgC kgC–1) 0.10 0.01 0.25 Uniform
f_refrac_plank_sea (kgC kgC–1) 0.10 0.01 0.25 Uniform

8.7.3 Mineralisation rate
When organic matter is metabolised by decomposers as an energy source, organic carbon is trans-
formed to inorganic carbon (CO2 under aerobic conditions, and CO2/CH4 under anaerobic condi-
tions). This process is referred to as mineralisation and is dependent on the bacterial biomass, 
temperature, concentration of organic carbon, and quality of the organic carbon as food source for 
the bacteria (e.g. Tranvik 1988, Schallenberg and Kalff 1993, Gudasz 2010, Gudasz et al. 2010). 
The flow of carbon-14 from an organic carbon pool (OC/POC) to the corresponding inorganic 
carbon pool, is, in the radionuclide transport modelling, expressed using the mineralisation rate, 
minRate (kgC kgC–1 year–1). The parameter values for mineralisation rates in aquatic systems are 
described below and summarised in Table 8-4.

Mineralisation rate of organic carbon in the upper oxygenated sediment layer in lakes
This parameter minRate_regoUp describes the mineralisation rate of organic carbon in the upper 
oxygenated sediment layer (regoUP) in lakes. Carbon burial in sediments, i.e. the amount of organic 
carbon in the sediments that is permanently buried and not mineralised, shows a large variations 
worldwide (Burdige 2007, Algesten et al. 2003, Sobek et al. 2009). Sobek et al. (2009) showed that 
the mean burial efficiency in 27 lakes worldwide was 48%, indicating that about half of the organic 
carbon in sediments is mineralised. However, both Sobek et al. (2009) and Gudasz et al. (2010) 
showed that there is an increased sediment bacterial metabolism with increasing autochthonous 
carbon sources (i.e. organic carbon produced within the aquatic system). The Forsmark lakes have 
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a large autochtonous production compared with the input of terrestrial organic carbon (Andersson 
2010). A large fraction of the organic carbon produced in lakes is quickly mineralised and it is some-
times difficult to differentiate between f_refrac and mineralisation rate, i.e. the amount of carbon 
burial is affected by both f_refrac and mineralisation rate. Mineralisation rate can be estimated by 
comparing primary production, estimated fraction that remains after initial mineralisation (f_refrac) 
and carbon content of the upper regolith. This was done in SR-PSU with a C-12 model (see SKB 
2014a) where f_refrac was set to 0.3 (see reasoning above) and the carbon content of upper rego-
lith in the present-day lakes was used as a reference to see what mineralisation rate was needed to 
achieve the present carbon content. The resulting mineralisation rate of 0.03 was used as a parameter 
value for future lakes. Minimum and maximum rates were set to 0.02 and 0.04, respectively.

Mineralisation rate of organic carbon in the upper oxygenated sediment layer in seas
This parameter minRate_regoUp_sea describes the mineralisation rate of organic carbon in the 
upper oxygenated sediment layer (regoUP) in marine basins. For lakes the organic carbon burial 
efficiency varies over a large range, from less than 1% to nearly 100% (Burdige 2007). Organic 
carbon burial efficiency in marine sediments is in general somewhat lower than in lakes (mean 
29%, Burdige 2007). As for lakes, the organic carbon burial efficiency is assumed to be higher for 
sediments with high terrestrial organic carbon inputs. Marine basins often have low inputs of terres-
trial carbon, which can explain a lower carbon burial than in lakes. However, the lakes in Forsmark 
are to a large degree dependent on autochthonous production and the marine basins and lakes in 
Forsmark can be assumed to be similar in terms of mineralisation rates. As stated for lakes above, 
a large fraction of the produced organic carbon is mineralised before the organic matter reaches the 
sediment and it is sometimes difficult to differentiate between f_refrac and mineralisation rate, i.e. 
the amount of carbon burial is affected by both f_refrac and mineralisation rate. The same param-
eter value as for lakes has been applied for the marine basins, i.e. mean 0.03, min 0.02, max 0.04.

Mineralisation rate of organic carbon in anoxic post glacial sediments in lakes and seas 
The parameters minRate_regoPG_lake and minRate_regoPG_sea describe the mineralisation 
rates of organic carbon in anoxic post glacial sediments in lakes and marine basins, respectively. 
Mineralisation in deeper layers is less studied than mineralisation in upper sediment layers, but it 
is known that mineralisation is much lower in anoxic than in oxic conditions (e.g. Burdige 2007). 
Decomposition in deep catotelm has been studied and for parameterisation of decomposition in 
the post-glacial clay layer below peat it is assumed to be similar to the decomposition in catotelm 
(Clymo and Bryant 2008). It is also assumed that the mineralisation rate in post-glacial deposits 
should be similar regardless of whether the area is situated below peat or lakes and the representative 
value used in the terrestrial part (based on Clymo and Bryant 2008), representing catotelm peat dom-
inated by Sphagnum, was used also for the lake and marine stage of the biosphere objects. Thus, the 
mean value was set to 6.5×10–5 kgC kgC–1 year–1. The range was assumed to be small and minimum 
and maximum values was achieved by assuming a 20% range around the mean (i.e. min 5.2×10–5, 
max 7.8×10–5 kgC kgC–1 year–1).

Mineralisation rate of organic carbon in particulate matter in lakes and seas 
The parameters, minRate_water_PM_lake and minRate_water_PM_sea describe the mineralisation 
rates of organic carbon in particulate matter in the water column in lakes and marine basins, respec-
tively. The particulate matter in water is assumed to be of similar composition to the organic carbon 
in the surface sediments and the same parameter value as for minRate_regoUP_lake and minRate_
regoUp_sea was applied (mean 0.03 kgC kgC–1 year–1, minimum 0.02, maximum 0.04).

Table 8-4. Parameter value and minimum and maximum values of minRate in Forsmark, used in 
the radionuclide transport model.

Mean Min Max Distrubution

minRate_PM_lake/sea (kgC kgC–1 year–1) 0.03 0.02 0.04 Uniform
minRate_regoUp_lake/sea (kgC kgC–1 year–1) 0.03 0.02 0.04 Uniform
minRate_regoPG_lake/sea (kgC kgC–1 year–1) 6.5 E–5 5.2E–5 7.8E–5 Uniform
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8.8 Gas exchange across the air-water interface
There is a gas exchange of carbon dioxide, CO2 across the air-water interface. The exchange is a 
physical process driven by the differences in partial pressure of CO2, between water and air. In the 
radionuclide model, the CO2 flux involving the isotopes carbon-14 and carbon-12, are of interest, 
in order to estimate the influx of uncontaminated carbon-12 from atmosphere to the water and the 
release of carbon-14 to the atmosphere.

The flux of radionuclides between the atmosphere and water is dependent on height of the atmos-
pheric layers where the exchange occur, roughness length of water surfaces, solubility of the gas 
in water and biotic processes (see e.g. Cole and Caraco 1998). During periods with high primary 
production (and thereby uptake of CO2) there is an inflow of CO2 from the atmosphere to the water, 
whereas during periods with high decomposition there is an outflow of CO2 from water to the atmos-
phere. Due to large fluxes of CO2 between water and air this can be an important flux for the isotope 
carbon-14, but also other volatile radionuclides may be exchanged across the air-water interface. The 
gas flux across the air-water interface can be described by chemical equilibrium and a gas exchange 
coefficient, often called the piston velocity (piston_vel). Parameters describing the fraction of CO2 
that is dissolved in the water (f_H2CO3), the solubility of CO2 in the water (solubilityCoef_lake/
sea), dissociation constants K1 and K2, Schmidt number, pH, height of atmospheric layers (height_
L1_aqu and height_L2_aqu) and roughness length of water (z0_Aqu) are other parameters needed 
for calculating the transfer of carbon-14 between atmosphere and water.

The net flux of gas between the water and the overlying air layer, i.e. the Degassing and GasUptake 
parameters, can be described mathematically (Cole and Caraco 1998). In the radionuclide model 
(Saetre et al. 2013a), the flux of CO2 is calculated by using a mathematical expression of gas flux 
from Cole and Caraco (1998).

J = Ψ (Concsurface – Conceqwater) = Degassing – GasUptake

Where:

Ψ is the piston velocity (gas transfer velocity), which is the height of the water that is equili-
brated with the atmosphere per unit time for a given gas at a given temperature (m year–1) 
(see Section 8.10).

Concsurface is the concentration of gas in the surface water (mol m–3). In the radionuclide model this 
concentration of gas in the surface water is calculated as the fraction of DIC in the form of CO2/
H2CO3 (described below) of the total DIC pool in water (conc_DIC described above). 

Conceqwater is the concentration of gas in water if in equilibrium with the atmosphere (mol m–3). In the 
radionuclide model, the solubility coefficient for CO2 (in lake and marine water) is used to calculate 
the solubility of CO2 in water at equilibrium with the atmosphere.

8.8.1 Piston velocity
Piston velocity is the height of the water that is equilibrated with the atmosphere per unit time. 
Several processes influence the piston velocity, such as surface films, bubble entrainment, rain and 
boundary layer stability, kinetic viscosity of the water and wind speed. The dominant effect is caused 
by wind speed which is the reason why parameterisation of piston velocity is often related to wind 
speed (e.g. Wanninkhof et al. 2009, Wesslander 2011).

There are several expressions for piston velocity where wind speed has been treated in different 
ways and attributed different degrees of significance e.g. (Cole and Caraco 1998, Wanninkhof 1992, 
Wanninkhof and McGillis 1999, Algesten et al. 2006). Calculating the piston velocity according to 
Wanninkhof (1992) gives about half the value in comparison with calculating it according to Cole 
and Caraco (1998), and about a six times larger value than calculations according to Wanninkhof 
and McGillis (1999). An inter-comparison between different expressions for piston velocity showed 
that differences between expressions are largest at wind speeds above 10 m s–1 (Kuss et al. 2004). In 
Figure 8-9, piston velocity using various expressions and the monthly average wind speed at Örskär 
in Forsmark are presented.
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Piston velocity for lakes
The parameter Piston_vel_lake is the piston velocity for lakes. As stated above, there are a number 
of expressions for piston velocity. The study by Cole and Caraco (1998) is developed especially for 
low-wind oligothropic lakes, whereas Wannikhof´s expressions are developed for marine environ-
ments and often used in the Baltic Sea. Cole and Caraco (1998) define low-wind environment as 
wind speed below 5 or 6 m s–1. The wind speed measurements in Forsmark (see below), measured 
at 10 m height at Örskär should according to Cole and Caraco (1998) be considered as a low-
wind environment and their expression have been used for the calculation of piston velocity in the 
Forsmark lakes: 

𝜓𝜓600 = 2.07 + 0.21𝑢𝑢1.7�660/𝑆𝑆𝑆𝑆  

Where ψ600, the piston velocity, describes the gas transfer dependence on u (wind velocity at 10 m 
height, in m s–1), and the kinetic viscosity of the water as described by a constant and the Schmidt 
number (Sc). The Schmidt number is dimensionless and depends on temperature and salinity. In the 
calculations of piston velocity in aquatic ecosystems in Forsmark, the Schmidt number has been cal-
culated based on monthly mean temperatures in the surface water (see Section 8.8.4 for description 
of Schmidt numbers).

Piston velocity in the aquatic ecosystems was calculated for the period April to November, i.e. the 
ice-free season in lakes (Andersson 2010). This may mean that the outburst of CO2 at ice break is 
not included in the calculation of CO2 in the atmosphere. However, as ice break occurs early in the 
season, production is relatively low, and thus any CO2 released to the atmosphere would be effec-
tively diluted at the time when it was taken up by primary producers in the terrestrial area. 

Piston velocity was calculated on a monthly basis for the vegetation period based on Schmidt 
number (depending on site specific temperature), and wind speed. From these monthly piston veloci-
ties a mean piston velocity was calculated and assumed to be a representative parameter value for the 
entire vegetation period (mean = 201 m year–1, stdev = 26).

Piston velocity for sea 
The parameter Piston_vel_sea is the piston velocity for marine basins. As stated above, there are 
a number of expressions for calculation of piston velocities. For sea the expression according to 
Wanninkhof (1992) is the most frequently used and using that would make comparison with other 
studies easier. However, the marine basins in Forsmark are situated near-shore and thus the expres-
sion by Cole and Caraco (1998) might be more accurate. In addition, the expression by Cole and 
Caraco (1998) is used both for the lakes and the terrestrial ecosystem in SR-PSU, i.e. making com-
parison between ecosystems in Forsmark easier.

Figure 8-9. Monthly average wind speed at Örskär in Forsmark and piston velocity calculated according to 
various expressions (Wania et al. 2010, Wannikhof 1992, Wannikhof and McGillis 1999, Kuss et al. 2004). 
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Accordingly, in the radionuclide modelling of the marine ecosystem in Forsmark, the piston veloc-
ity (m year–1) was calculated according to Cole and Caraco (1998) (see description above for piston 
velocity lake). As for lakes, piston velocity was calculated for the period April to November, i.e. the 
vegetation period and ice-free season in lakes (Andersson 2010). 

Piston velocity was calculated on a monthly basis for the vegetation period based on Schmidt 
number (based on temperature) and wind speed. From these monthly piston velocities, a mean 
piston velocity was calculated and assumed to be a representative parameter value for the entire 
vegetation period (mean = 187 m year–1, stddev = 26).

8.8.2 Fraction of total DIC present as CO2

The fraction of the total DIC pool that is contributed by CO2 in water can be described by considering 
equilibrium of the carbonate system. The fraction of total DIC that occur as CO2 affects the flux of 
CO2 across the water-air interface at high pH and low wind velocities (Wanninkhof and Knox 1996). 

The concentration of CO2 in the water, based on the fraction of inorganic carbon in the form of CO2/
H2CO3, is described by the parameter f_H2CO3. This parameter is sometimes also denoted a0 or “chem-
ical enhancement factor for CO2”. The other constituents of the carbonate system are HCO3

– and CO3
2–. 

The equilibrium fraction of total DIC present as CO2 can for a closed system be described by two tem-
perature-dependent dissociation constants (K1 and K2) and pH according to the following expression: 

f_H2CO3 =  
1

(1 + (K1/[𝐻𝐻+]) + (K1 x K2/[𝐻𝐻+]2)   

where:

K1 and K2 represents the dissociation constants and (H+) is the hydrogen concentration. 
Temperature has generally only a minor effect on the dissociation constants whereas pH determines 
most of the variation of f_H2CO3. At low pH H2CO3 dominates. When pH increases the dominance 
will switch to HCO3

– and when pH is above 10.5 CO3
2– dominates. As pH increases above 6 the 

reaction rate of CO2 dissolved in the water to form HCO3
– increases and this reaction rate of CO2 

becomes faster than the diffusion process through the water film, and the pH will thereby restrict the 
potential degassing (Stumm and Morgan 1996, Wetzel 2001).

Fraction of dissolved CO2 of total DIC in lakes
The parameter f_H2CO3_lake is the fraction of dissolved CO2 of total DIC in lakes and is calculated 
according to the expression above. The dissociation constants for freshwater (T=25°C) systems 
K1 = 4.47×10–7 and K2 = 4.68×10–11 (Weiss 1974) were used.

As described above, f_H2CO3 is pH dependent and changes over the year (Figure 8-10 ). However, 
although the fraction may be high during winter there is a low flow of CO2 at that period due to ice 
coverage and thus f_H2CO3 is calculated for the ice-free season. Monthly mean pH values for April 
to November from three lakes in Forsmark were used (SR-PSU Chemistry database5) to calculate 
monthly f_H2CO3. A mean value for the ice-free season was calculated from the monthly means and 
used as the parameter value (0.035, stdev = 0.065). 

Fraction of dissolved CO2 of total DIC in seas
The parameter f_H2CO3_ sea is the fraction of CO2 of total DIC in marine basins and was calculated 
according to the expression above. The dissociation constants K1 and K2 according to Prieto and 
Millero (2002) (T=25) K1 = 1.15×10–6 and K2 = 7.41×10–10 were used.

As described above, f_H2CO3 is pH-dependent and varies over the year (Figure 8-11). Although 
the amount of CO2 is high during winter the exchange of CO2 across the air water interface is 
often limited at this part of the year due to ice coverage and the mean pH value for the vegetation 
period (April to November) was used in the calculation of the parameter value (pH described in 
Section 8.8.4 below). Monthly mean values of f_H2CO3_sea were calculated and a mean of these 
monthly values for the ice free season was used as the parameter value (0.009, stdev = 0.003). 

5  SR-PSU chemistry database are stored at svn/Indata/Chemsitry. Data may be made available upon request.
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8.8.3 Solubility of CO2 at equilibrium
The solubility of CO2 in water at equilibrium with atmosphere can be expressed as a function of the 
atmospheric concentration of the gas and a solubility constant, KHcc (mole l–1 atm–1), by an expression 
from Weiss (1974): 

𝐾𝐾𝐾𝐾𝐶𝐶𝐶𝐶 =  𝑒𝑒𝑒𝑒𝑒𝑒(A1+A2�100𝑇𝑇 � +  A3ln�
T
100� +  S‰[B1 + 𝐵𝐵2�

𝑇𝑇
100� + 𝐵𝐵3�( 𝑇𝑇

100)^2�

𝐾𝐾𝐾𝐾𝐶𝐶𝐶𝐶  =  EXP(A1 + A2(100/t) + A3ln(t/100) + S‰[B1 + B2(t/100) + B3(t/100)2) 

Where the As and Bs are constants, T (K) is the absolute temperature, and S‰ is salinity (used for sea 
water).

Figure 8-10. Monthly mean values compared to mean value of f_H2CO3 in lakes compared to the mean 
value of mean f_H2CO3 for the vegetation period in Forsmark.

Figure 8-11. Seasonal variation and mean for the vegetation period of the parameter f_H2CO3 in the 
marine ecosystem in Forsmark.
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KHcc is used in the radionuclide model to calculate Conc_eqwater, i.e. the concentration of gas in 
water in equilibrium with the atmosphere (mol m–3). In the radionuclide transport model, the solu-
bility coefficient is dimensionless and KHcc is therefore converted by using a conversion factor for 
Henry´s law, and thereafter denoted the SolubilityCoef_lake and SolubilityCoef_sea, representing 
the solubility of CO2 in water. 

A higher solubility is found at low temperatures, i.e. the parameters SolubilityCoef_lake and 
SolubilityCoef_sea are higher during winter. However, the solubility will be restricted by an 
ice sheet (at least in lakes) during the winter such that there is no exchange between the air and 
water. The mean values for SolubilityCoef_lake and SolubilityCoef_sea are therefore based on 
the monthly mean temperature during ice-free season April–November (Andersson 2010). 

SolubilityCoef_lake
SolubilityCoef_lake describes the solubility of CO2 in water at equilibrium for lakes. The mean 
water temperature was based on site data for lakes in Forsmark (described below). Monthly solubil-
ity coefficients were calculated with the equation above for the ice free season April–November. 
A mean value of these monthly means was used as parameter value (mean = 1.1, stdev = 0.2, mini-
mum = 0 and maximum = 1.5). The minimum was set to zero can be seen to represent the annual 
minimum during winter. 

SolubilityCoef_sea
SolubilityCoef_sea describes the solubility of CO2 in water at equilibrium for the marine basins. The 
mean water temperature and salinity was based on site data for the marine ecosystem in Forsmark 
(described below). Monthly solubility coefficients were calculated with the equation above for the 
ice free season April–November. A mean value of these monthly means was used as parameter value 
(mean = 1.4, stdev = 0.3, minimum = 1.1, maximum = 1.8).

8.8.4 Wind speed, pH, salinity, temperature, and Schmidt number
There are a number of site-specific parameters used in the calculation of piston velocity, concentra-
tion of CO2 and the concentration of gas in water at equilibrium. These are; wind speed, temperature, 
pH, salinity and Schmidt number. Thus, although they are not directly used in the radionuclide trans-
port model they are used in the calculation of parameters. Therefore, the assumptions and calcula-
tions of these parameters are described below and summarised in Table 8-5.

Wind speed 
Wind speed was used in the calculations of piston_vel, and has been measured in Forsmark at 10 m 
height at Örskär (Table 8-5).

pH and salinity
Monthly mean pH and salinity values for the period April–November were used in the calculations 
of f_H2CO3 in aquatic ecosystems. 

For lakes, pH was calculated from surface-water measurements in 13 lakes included in the water 
chemistry data base6. Monthly mean pH values were calculated and used in the parameter calculation 
and ranged from 7.0–8.5 for the period April–November (mean = 7.9).

For the sea ecosystem, pH was calculated based on data from the site investigations from 2002 to 
2006 and monthly mean pH values for the ice-free season were used in the parameter calculation. 
For this period, pH ranged from 7.8–8.0 (mean = 7.9). 

The monthly mean salinity measured during site investigations was used for the calculations of 
SolubilityCoef_sea (Table 8-5).

6  SR-PSU chemistry database, stored at svn/indata/Chemistry. Data may be made available upon request.
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Table 8-5. Monthly mean temperature, salinity, pH and wind speed for marine and lake sites 
in Forsmark during 2002–2006. Marine sampling sites PFM000062, PFM000063, PFM000064, 
PFM000065, PFM000082, PFM000083, PFM000084, PFM000153, and PFM102269 were used.

Month Wind speed at Örskär  
on 10 m height (m s–1)

pH Sea pH Lake Salinity (psu)

Jan 2.36 7.5 7.8 4.33
Feb 2.17 7.4 7.1 4.10
Mar 2.00 7.5 7.3 3.53
Apr 2.11 7.8 7.0 4.75
Maj 1.85 8.0 8.0 4.88
Jun 1.74 7.9 8.0 4.81
Jul 1.37 8.0 8.3 4.82
Aug 1.65 8.0 8.3 4.85
Sep 1.60 7.8 7.9 4.66
Nov 1.82 7.8 8.5 4.18
Dec 2.11 7.8 7.8 4.31

Schmidt number and temperature
Water temperature is used for the calculation of SolubilityCoef and the Schmidt number. The 
Schmidt number is used in the calculations of Piston velocity and describes the kinetic viscosity of 
water divided by the diffusion coefficient of the gas. It is dimensionless and depends on temperature. 
The Schmidt number in the aquatics ecosystems in Forsmark is calculated according to the polyno-
mial fit for CO2 in fresh and sea water presented by Wanninkhof (1992), were the Schmidt number 
(Sc) is defined as:

Sc = A – BT + CT 2 – DT 3

Where A, B, C and D are constants for CO2 in fresh respectively sea water in a temperature range 
between 0 and 30 degrees Celsius, and T is the water temperature in degree Celsius.

The Schmidt number is temperature dependent and the monthly Schmidt numbers was calculated 
based on monthly average water temperature during vegetation period April–November (Table 8-6). 
Monthly mean Schmidt numbers for lake and sea were then used in the calculations of Piston 
velocity.

Table 8-6. Calculated (according to Wanninkhof 1992) Schmidt number for lake and sea, based 
on monthly average temperature.

Month Mean monthly temperature 
sea water (°C)

Mean monthly temperature 
lake water (°C)

Schmidt number 
in seawater at

Schmidt number 
in lake water at

January  0.24 2043
February  0.47 2015
Mars  1.09 1940
April  6.19  6.8 1424 1258
May 10.04 13.4 1134  851
June 15.39 18.5  841  645
July 18.51 22.0  717  545
August 19.49 21.2  683  564
September 13.45 14.2  934  813
October  2.72  8.0 1758 1169
November  2.12 1823 1575
December 1988
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8.9 Aquatic atmosphere parameters
The atmosphere of the aquatic system is divided into two layers (Layers 1 and 2) as defined in Saetre 
et al. (2013a). The parameters defining the height of these layers are presented here together with 
parameters describing the roughness length of the water surface and the wind speed. 

Height of Layer 1
This parameter (height_L1_aqu) is the layer where concentrations are calculated for estimation of 
inhalation doses and the layer for which exchange between the atmosphere and water is calculated. 
This layer is assumed to be 1 m.

Height of Layer 2
The parameter height_L2_aqu is the height, from the water surface, of the second atmospheric layer 
(See radionuclide model description Saetre et al. 2013a). This value is set to equal to the reference 
height where wind speed is measured, i.e. 10 m. 

Roughness length
The roughness length (z0_aqu) is the height of the extrapolated logarithmic wind profile where 
U(z0)=0. Thus, z0 is an integration constant. Because this parameter is dependent on the state of 
the surface it is called roughness parameter or roughness length. 

Many field experiments above water surfaces have been carried out during extensive sea measure-
ment programs that investigated the roughness length parameterisation (Edson et al. 2007, Sun et al. 
2001, Vickers and Mahrt 2010, Vercauteren 2011). However, fewer field experiments have collected 
comparable data to investigate these parameterisations over lakes. An example of a few of the avail-
able studies is the one that has been performed by Vercauteren (2011), who carried out a detailed 
study for parameterisation of z0 for several lakes. 

According to Foken (2008) the values of z0 given by various authors for different types of surfaces 
differ only very slightly. An exception is observed for the case of low roughness (ice and water), 
where a larger variation is observed. A possible explanation lies in the way z0 values are estimated. 
The most common method for estimation of z0 is the direct determination using the vertical profile 
equation under neutral conditions using wind velocity measurements at different levels. However, 
in the case of low roughness, as it is commonly the case above water surfaces, this method is very 
inaccurate, because small errors in the measurements of the wind velocity can cause large changes in 
the estimated roughness length. For this reason for water surfaces, z0 is generally parameterised as 
a function of the wind velocity. Foken (2008) highly recommends using the relation by Zilitinkevich 
(1969). 

For this study, the same parameter value is applied for lakes and marine areas and the parameter 
value is set to the middle of the interval (0.0001–0.001) given in Foken (2008, Table 3.1, p 62) for 
water surfaces. Minimum and maximum values are set to the minimum and maximum in Foken 
(2008).

Wind speed 
Wind speed (vel_wind_height_ref_aqu) is used in the calculations of fluxes in the atmosphere. 
Mean wind speed measured at the meteorological station Örskär at Forsmark 2002–2006 for the 
ice-free season (April to December) was used as the parameter value. The mean value was 1.7 m s–1 
(stdev 0.25).

Height of measured wind spped
This parameter (height_ref_aqu) is used in the calculation of atmospheric flux. This parameter is the 
height of the measured wind speed which is 10 m. 
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8.10 Human food parameters 
Human utilise aquatic ecosystems for food. This may be an important pathway for human exposure, 
and thus the amounts of edible products that can be harvested from aquatic ecosystems are used in 
the calculation of how the biosphere objects are utilised when calculating dose. 

The food production can be categorized as food normally consumed and edible products. Food from 
aquatic ecosystems normally consumed is e.g. fish, whereas edible products are everything that 
has some potential to be consumed by humans. Potentially it is possible to eat almost any organism 
above a certain size that can be handled. However, the effort to collect the food in comparison with 
the energy it supplies is often too large to be efficient. The benthic meiofauna (organisms < 1 mm) 
in Forsmark are small and not easily caught. The macrophytes in the Baltic and oligotrophic hard-
water lakes are generally not very tasty and not used as food today. Benthic fauna and algae may 
potentially serve as fertilizers in farming. Seals can potentially serve as food, but are not used at 
present. Moreover, seals are not stationary in small basins such as the biosphere objects and from a 
radionuclide perspective any seal present in the Forsmark area in the future would have very diluted 
concentrations of radionuclides compared with fish, since the seals feed from large areas.

Freshwater mussels are not eaten in Sweden today as they are considered to taste bad. The mussel 
Anodonta anatina is abundant in the lakes today, although it is not likely that it will be eaten. Firstly, 
it does not taste good, and secondly, the effort required to collect the mussels is considered greater 
than that required to collect mussels from the nearby coastal areas. Even in other parts of the world 
where other species of freshwater mussels have been consumed, in the past, the contribution of 
freshwater mussels to total diet has been small due to low energy input from the mussels (Parmalee 
and Klippel 1974). Combining the facts that present species do not taste good, the effort to collect 
them is rather high, and that mussels have contributed only in a minor way to total diet even in other 
parts of the world hosting more tasty species, leads to the assumption that mussels in the Forsmark 
lakes will not be utilised as a food source.

Crayfish is a potential food source from lakes. Crayfish are not present in the lakes today. However, 
there are several examples of successful introduction of crayfish to lakes and it is possible that future 
lakes in the area will contain crayfish that can be utilised as food. 

The production by nesting birds in the marine model area (Löfgren 2010) is insignificant in compari-
son with fish production and is therefore not included in the radionuclide model. The filter feeder 
Macoma baltica is present in the marine ecosystem in Forsmark today. However, this is not caught 
today and is not likely to be in the future either since the individuals are small, not very tasty and not 
easily collected. In addition, due to the low salinity, it is not likely that the area will be inhabited by 
other filter feeders in the future. Likewise, no larger crustaceans (e.g. Shrimps, Crabs, and Lobsters) 
exist in the marine model area today and they are not likely to be present in the future, mainly due to 
the low salinity in the Baltic Sea. 

Summarizing, today only fish, crayfish, filter feeders, seals and sea birds can be assumed to be con-
sidered as normally eaten. Of these, only fish and crayfish are assumed to make a significant contri-
bution to the diets of future human populations in the Forsmark area.

8.10.1 Fish production
Fish is a common food source and is presently caught both in lakes and in marine basins. However, 
no large-scale fishing occur in the lakes and coastal basins today and therefore no information on 
how much fish could be harvested are found in the literature. Instead, the amount of fish that could 
theoretically be harvested is calculated based on an estimation of fish stocks in the area and the 
amount of fish that can be sustainably harvested is described by the parameters prod_edib_fish_lake 
and prod_edib_fish_sea. A minimum depth is required to allow fish and crayfish populations in lakes 
and streams, as these animals do not inhabit systems with poor oxygen conditions which may occur 
in shallow lakes and streams during winter. This depth requirement is described in the parameters 
z_min_prod_edib_fish_lake for fish. As fish populations are assumed to be affected by colder tem-
peratures, different parameter values are given for a periglacial climate domain.
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Production of edible fish in lakes
The parameter prod_edib_fish_lake represents the productivity of edible fish in lakes. Today, fishing 
in the Forsmark lakes is considered minimal. Some fishing may occur, but to the authors’ knowledge 
the local inhabitants do not use the lakes much for fishing. However, fish is widely used as a food 
source today, and in the future fish from the lakes may be utilised to a higher degree than at present.

Fish production was calculated from production/biomass (P/B) ratios. P/B ratios are dependent on 
fish size (weight and length), and an allometric relationship has been established from studies of 79 
freshwater species in Canada (Randall and Minns 2000). Several of the fish species are similar to 
the Scandinavian species, and the P/B ratio is well correlated to size for most animals (Banse and 
Mosher 1980, Downing and Plante 1993, Randall and Minns 2000). The maximum lengths of the 
fish species caught in surveying gillnets were taken from the site study at Forsmark (Borgiel 2004). 
These fish lengths from Forsmark were compared with the data from Randall and Minns (2000), and 
for each species a mean P/B was estimated for this range (Andersson 2010, Section 3.10). This P/B 
ratio was multiplied by the estimated biomass per m2 to obtain the area-specific fish production for 
each tabulated species in each of the studied lakes: Eckarfjärden, Fiskarfjärden, Bolundsfjärden and 
Gunnarsbo-Lillfjärden. The total sum of fish production for each lake was used to obtain an estimate 
of average fish production for the area; of 5.3×10–4 kgC m–2 year–1. This corresponds to 60 kg ww 
ha–1 year–1 which is 2.4 times higher than the highest production values reported for Swedish lakes 
for which the suggested range is 3–25 kg ww ha–1 year–1 (Alanärä and Näslund 1995). However, the 
Swedish estimates of fish production include only fish species that are normally consumed and do 
not, as in our estimate, include e.g. Crucian carp. Different fish species are preferred in the diet in 
different areas of the world due to cultural differences as well as the amount of other available food 
sources. All fish species are therefore considered in our estimate, as future populations in Forsmark 
may utilize other species than at present. However, it is an unreasonable assumption that the entire 
fish production can be harvested from lake ecosystems. Different sources suggest that between 10 
and 75% of the fish production can be sustainably harvested (Alanärä and Näslund 1995, Degerman 
et al. 1998, Näslund et al. 2000, Waters 1992). However, it seems that the higher figure 75% is 
an overestimate, since severe effects on fish populations have been noted at much lower catches. 
Näslund et al. (2000) and Waters (1992) state that 50% is the highest possible yield for a long-term 
sustainable fish population. Since over-fishing leads to reduced catches for a long time afterwards, 
we have chosen a 50% catch of fish population to estimate the maximum annual yield. This corre-
sponds to a sustainable yield of 2.7×10–4 kgC m–2 year–1 (stdev 7.3×10–5).

Production of edible fish in seas
The parameter prod_edib_fish_sea represents the productivity of fish normally consumed. The 
production of fish is estimated by using a size-dependent ratio for fish production from a study of 
Canadian freshwater fish (Randall and Minns 2000) together with fish abundance from Forsmark. 
The site-specific proportion of each size range of marine fish species in the marine area in Fors-
mark (Heibo and Karås 2005), was compared with the data from Randall and Minns (2000) and for 
each species a mean P/B was estimated for this range. Fish biomasses modelled in GIS for each of 
the 28 basins (Aquilonius 2010) were multiplied by the P/B ratios to calculate the production of 
edible fish. The mean production of the different basins was chosen as the parameter value (mean 
8.4×10–5 kgC m–2, stdev 6.6×10–5 kgC m–2). All fish production in the marine basins is assumed to 
be available for human catch.

Fish production in lakes is assumed to be lower during permafrost conditions than at present. Our 
estimate of present-day fish productivity was 2.4 times higher than the highest value reported by 
Alanärä and Näslund (1995). Fish production in the lower range reported by Alanärä and Näslund 
(1995) (3–25 kg ww ha–1year1) corresponds to the production in the northern part of Sweden, i.e. 
with a colder climate, and could be a good estimate for the permafrost domain. However, the esti-
mate by Alanärä and Näslund (2005) includes only species that are normally consumed at present. 
We therefore multiply the production value of 3 kg ww ha–1 year by 2.4 (corresponding to the ratio 
between estimated production in Forsmark and the highest production values given by Alanärä and 
Näslund (1995). It is assumed that 50% of the production can be sustainably harvested, resulting in 
an edible fish productivity of 3.2×10–5 kgC m–2. The standard deviation for the parameter value is 
calculated by assuming that the lower value from Alanärä and Näslund (2005) (1.3×10–5 kgC m–2) 
is the lower 95th percentile resulting in a standard deviation of 1.2×10–5 kgC m–2.
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In the sea, high production of fish can occur also at cold climates and no alternative parameter sets 
were applied for fish production in the sea.

Water depth required for a permanent fish population in lakes
The parameter z_min_prod_edib_fish_lake represents the threshold at which there can no longer be 
a permanent fish population in lakes. In shallow lakes, fish catches decrease with decreasing maxi-
mum depth and approach zero at a maximum depth of 1 m (Andersson 2010, Section 3.10.1). We 
have therefore imposed the constraint that there are no fish in future aquatic objects if the maximum 
depth is less than 1 m. 

Since the lakes in the Forsmark area have ice coverage in winter, the theoretical minimum depth 
that will allow for a permanent fish population must be at least as deep as the ice cover. In addi-
tion, oxygen is consumed in the water below the ice so there must be sufficient additional unfrozen 
water depth to ensure that there is not total anoxia. The maximum ice cover of the Forsmark lakes is 
c. 40 cm (Borgiel and Andersson, personal observation) and it is reasonable to assume that the water 
depth below the ice must be at least 3 dm in the deepest parts to allow for a permanent fish popula-
tion. Therefore we set the minimum to 0.7 m and the maximum is set to 1.3 m in order to vary the 
parameter symmetrically around the best estimate of the parameter (1 m). 

Water depth required for a permanent fish population in sea
The parameter z_min_prod_edib_fish_sea represents the threshold at which there can no longer be a 
permanent fish population in marine basins. Most marine basins are transformed to lakes before the 
depth of the basin sets any constraints on availability as a habitat for fish. Nevertheless, theoretically, 
marine basins may be too shallow to contain a permanent fish population if they have shallow depths 
and are covered with ice. The same minimum depths as for lakes have been applied, i.e. parameter 
value 1 m, minimum 0.7 and maximum 1.3.

Conversion factors for fish 
In order to model the transfer of carbon-14 in water into fish knowledge of the amount of carbon 
per wet weight and dry weight is needed. The parameter f_DW _FW_fish_lake/sea represents the 
ratio of dry weight to fresh weight in fish and f_C_fish represents the ratio of carbon to dry weight 
in fish. The parameters were calculated based on site-specific measurements from fish in Forsmark 
(SR-PSU chemistry database, Hannu and Karlsson 2006, Roos et al. 2007). Mean values from these 
studies were used as parameter values (Table 8-7). 

Table 8-7. Fraction of dry weight too fresh weight and fraction of carbon to dry weight for fish. 

Parameter Best estimate Description Unit

f_DW_FW_fish_lake 0.21 Ratio of dry weight to fresh weight for fish in lake kgdw kgfw–1

f_DW_FW_fish_sea 0.21 Ratio of dry weight to fresh weight in marine fish kgdw kgfw–1

f_C_fish 0.44 Ratio of carbon to dry weight in fish kgC kgdw–1

8.10.2  Production of crayfish
The parameter prod_edib_cray_lake represents the productivity of crayfish that may be consumed by 
humans. There are no crayfish in the present-day shallow lakes in Forsmark, but some of the future 
lakes in the area will be considerably deeper. In these deeper lakes, significant areas will consist of 
aphotic bottoms lacking microbial mats, and they can be assumed to more closely resemble other deep 
lakes in the region, such as Lake Erken, where crayfish are abundant. Therefore, in order to avoid 
underestimating potential food production in the Forsmark lakes, it has been assumed that crayfish 
occur and contribute to human food in lakes with a mean depth over 2 metres (further discussed in 
z_min_prod_edib_crayfish_lake below). Although the Swedish Board of Fisheries reports crayfish 
yields of 5–50 kg ha–1 in productive crayfish lakes (Fiskeriverket 2003), the higher values in this 
range are seldom reported. In Lake Erken, which is considered to be a very good crayfish location 
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in Uppland, 5–10 tonnes of signal crayfish (equivalent to 2–4 kg ha–1 or 0.015–3×10–5 kgC m–2 were 
caught in 2008). This is the highest catch in the lake since the crayfish plague wiped out the native 
noble crayfish in the 1930s (Naturvatten 2014). Thus, a high crayfish yield in deep future Forsmark 
lakes is assumed to be similar to that in Lake Erken. Although 3×10–5 kgC m–2 is the maximum yield 
in Lake Erken over the last 40 years, it is chosen as a conservative value in order to avoid under-
estimating the importance of this food source. 

The minimum crayfish yield is set to 0 as it is assumed that many of the future lakes will not contain 
crayfish. The maximum crayfish yield could be higher than the highest recent catch in Lake Erken. 
Estimated maximum catches in Lake Erken before the crayfish plague wiped out the noble crayfish 
population in the 1930s could have been as high as 75 tonnes per year (Naturvatten 2014). However, 
such large catches were most probably not sustainable in the long-term. Moreover, there are rumours 
that the lake was almost empty of crayfish in the late 19th century, probably due to other diseases 
than the plague that came in the 1930s. Thus, although the yield in future Forsmark lakes could be 
very high for some years, a sustainable yield is assumed to be at most twice the present yield in Lake 
Erken, i.e. maximum crayfish yield is set to 6×10–5 kgC m–2.

It is assumed that no crayfish are present in the lakes during permafrost periods as crayfish needs 
longer ice-free periods than those experienced in a cold periglacial climate.

Water depth required for a permanent crayfish population in lakes
z_min_prod_edib_cray_lake represents the minimum depth of lakes to enable a crayfish population. 
Crayfish do not occur in the present-day lakes in the Forsmark regional model area. There are two 
main factors which prevent crayfish from establishing in the oligotrophic hardwater lakes which are 
typical of the Forsmark area. Firstly, crayfish prefer stony or hard bottom substrates with a rich abun-
dance of shelters. The thick and fluffy microbial mat and the rich Chara vegetation that dominate 
the shallow Forsmark lakes provide unsuitable substrates for crayfish, and areas with more suitable 
crayfish habitats in the present-day lakes are very restricted (Eva Andersson, personal observa-
tion). Secondly, crayfish are sensitive to low oxygen conditions. The Forsmark lakes show strongly 
reduced oxygen concentrations during periods with ice cover (see Section 3.9.1 in Andersson 2010), 
and this is reflected in the fish community which is dominated by species tolerant to low oxygen 
conditions (see Section 3.10 in Andersson 2010). Even if it is not possible to totally rule out a future 
establishment of crayfish in shallow lakes in the area, these two factors mean that there will never 
be more than a sparse crayfish population that will only marginally contribute to human food supply. 
It is likely that any future shallow lake (mean depth < 2 m) in the area will develop into an oligo-
trophic hardwater lake, which means that crayfish production in these lakes will be insignificant. 
Consequently, crayfish are assumed not to occur in future shallow lakes (mean depth < 2 m) and this 
parameter is set to 2 m.

The minimum depth of 2 m for crayfish population to be able to inhabit the Forsmark lakes is 
derived from discussion and is not measured at the site since no crayfish occur today. Therefore, it 
is difficult to give an absolute variation of the parameter. To evaluate the effect on dose to humans, 
minimum and maximum values for this parameter were set to 1.5 and 2.5 metres in the probabilistic 
simulations of the model, although this span is probably somewhat large.
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9 Terrestrial ecosystem parameters

During the modelled time period, all the biosphere objects will reach a terrestrial stage that is rep-
resented by a mire. Such wetlands may be further used for forestry or agricultural production after 
drainage, and radionuclides may be transferred in proportion to concentrations in environmental 
media to the vegetation. The parameters presented below are those describing biota and, to some 
extent, human utilisation associated with wetlands, agricultural use of drained wetlands and garden 
plots in the dose modelling.

All parameters given a central value were assumed to be drawn from normal distributions except, 
1) parameter values describing the successional development of the mire were assumed to be derived 
from a uniform distribution, 2) parameter values for which data were lacking to give an appropriate 
description of the distribution were assumed to be derived from a uniform distribution. 

For each parameter for which the central value was assumed to be derived from a normal distribution, 
the variation was assigned following the guidelines; 1) if the data set from which the central value was 
calculated contained information on the variation, these data were used, 2) if such information was 
missing, the variation was estimated based on information from a “closely related” parameter using 
the coefficient of variation, 3) if it was difficult to identify such a “closely related” parameter the 
standard variation/deviation was derived from the assumption that the (available) minimum value rep-
resents the 2.5% percentile. Furthermore, a minimum and a maximum value were estimated for each 
parameter and these were used to truncate the distributions in the probabilistic modelling. In some 
cases, the distributions are minimum truncated to avoid negative values. 

9.1 Experience from previous safety assessments
Transport of radionuclides in terrestrial ecosystems has been modelled in previous safety assess-
ments at SKB for SAFE (Lindgren et al. 2001, Kautsky 2001), SAR-08 (SKB 2008b) and SR-Site 
(Avila et al. 2010). Experience from these assessments, site investigations and research has led to a 
continual development of the radionuclide transport model for the biosphere and updating of param-
eters. Below is a comparison of terrestrial parameters in SR-PU with previous used parameters in 
SAFE, SAR-08 and SR-Site.

Ecosystem models were basically the same for the projects SAFE and SAR-08 although some 
parameter values were updated between the assessments (Karlsson et al. 2001, Bergström et al. 
2008). Since SAR-08, the biosphere radionuclide transport model has been extended and a continu-
ous development of the landscape is now modelled and as a result the majority of the terrestrial 
parameters are new. Also, many parameters that were used previously in SAR-08, (e.g. production 
of berries and mushrooms) have been updated due to improved or new data and updated models. 

The SR-PSU model closely resembles the SR-Site model, although some updates have been made 
(Saetre et al. 2013a). Consequently, many of the parameters are identical to parameters used in 
SR-Site (terrestrial SR-Site parameters are presented in Löfgren 2010). As a consequence of the 
update, some new parameters have been added and some parameters have been altered, e.g. the 
handling of carbon degassing across the water-air interface has been further developed in SR-PSU 
and parameters relating to gas uptake and degassing have been updated, with the introduction also 
of a number of new parameters (see below).

9.2 Influence of climate on parameter values
In the global warming climate calculation case, the estimated maximum temperature increase is an 
increase of the yearly average temperature from +4.7°C to +8.4°C in the Forsmark region (SKB 
2014d). This increase approximates the difference between the region of Skåne in southern Sweden 
(7–8°C) compared with Forsmark, therefore production estimates from Skåne were used as an 
analogue for such a climate change. The increase in production is also a function of other proper-
ties such as soil type, but the climate is here assumed to be the dominating factor determining the 
increased production in southern Sweden.
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In the extended global warming climate calculation case, an even larger increase in the yearly aver-
age temperature (+6°C) was assumed, suggesting an approximate maximal increase to +10.7°C in 
the Forsmark region (SKB 2014d). Such a climate is similar to central and southern Europe and this 
area can therefore be used as an analogue for estimation of parameter values. Global warming is an 
issue of increasing concern, and reports of potential effects on different properties have been pub-
lished for different purposes (e.g. Ministry of Environment 2007). An alternative parameterisation 
has been provided for properties associated with agricultural production and human food production 
for an extended global warming climate. 

A periglacial estimate describes the properties of a treeless tundra environment. In the case of certain 
parameters, the same estimate is used for both the temperate domain and the periglacial domain since 
little change is expected to occur. For some parameters (e.g. fungi production) it was difficult to find 
data that matches the periglacial case and estimates as close as possible to periglacial conditions were 
derived. 

Under glacial or submerged conditions, the terrestrial environment is considered to be covered with 
ice or water all year round and consequently, no terrestrial exposure routes would be present during 
these conditions.

Alternative parameterisations of parameters that are affected by climate are presented under each of 
the following parameter descriptions and listed in Appendix B. 

9.3 Biomass and net primary production for a mire
The vegetation on the mire is described both in regard to the standing biomass and the yearly net 
primary production, NPP, including both above- and below-ground production from all functional 
layers, such as bryophytes, herbs, dwarf shrubs and trees, if present. This parameter (NPP_ter) is 
used to estimate the uptake of atmospheric CO2 and the uptake of carbon by roots. At a coastal 
location such as Forsmark, mire formation and the following succession will span a number of 
different mire types, with different vegetation communities. The different successional stages of 
the wetland will differ in properties such as vegetation, biomass, NPP and peat accumulation. The 
infilling of a lake in the Forsmark region is characterised by reed expansion, which generally is 
followed by stages characterised by Bryales peat, Carex peat, fen wood peat and Sphagnum peat 
(Bergström 2001, Fredriksson 2004, Sohlenius et al. 2014). The peat layer generally thickens with 
time, with thin layers in wetlands close to the coast and thicker layers further inland (Hedenström 
and Sohlenius 2008). Most wetlands are considered to be discharge areas for groundwater. Also, 
raised bogs, with rain-fed production on the bog plane and a restricted or non-existent connection to 
the groundwater table, are of limited interest to a safety assessment where the radionuclides enter the 
ecosystem from below. Moreover, the bog peat has been regarded to be less suitable for agricultural 
purposes, due to the low pH (SKB 2014a). 

Figure 9-1 shows estimated biomass and NPP for a number of different mire communities that may be 
used to illustrate the successional development in Forsmark. Reed starts to expand in the lake basin, 
which then is followed by Bryales and Carex communities forming rich fens. In the long term, these 
are replaced by poor fen communities dominated by Sphagnum as the influence of mineral-enriched 
groundwater diminishes over time. Stages with trees are regularly found in the peat cores, often in 
the marginal parts of the fens (e.g. Bergström 2001), but may also cover most of the mire surface for 
shorter periods (e.g. von Post and Granlund 1926). Generally, it has been suggested that the presence 
of woody peat indicates drier conditions and a lowered groundwater table rather than a distinct suc-
cessional stage in the mire ontogeny. Based on the historical peat archives, this stage is regarded to 
be less frequent than wetter conditions (von Post and Granlund 1926). Therefore the central value 
describing the biomass represents a mean of the three successional stages without trees (Figure 9-1), 
but the minimum and maximum values also includes the treed fen, e.g. an alder swamp and a Norway 
spruce swamp (Figure 9-1). The range in production is assumed to include increased production 
caused by global warming, because of inclusion of data from the more southerly located Laxemar-
Simpevarp area (Figure 9-1). A uniform distribution was used to describe the directional character of 
the successional development for both parameters in the probabilistic simulation (Table 9-1).
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Table 9-1. Parameter values for mire biomass and NPP used in the global warming base case.

Parameter Unit Central value Minimum Maximum Distribution

NPP_ter kgC m–2 year–1 0.32 0.25 0.43 Uniform
biom_pp_ter kgC m–2 2.26 1.45 5.97 Uniform

These estimates of biomass and NPP in periglacial conditions are based on nine different studies 
from arctic and alpine tundra communities classified as wet sedge-moss communities presented in 
a review by Wielgolaski et al. (1981) (Table 9-2). 

Table 9-2. Parameter values for mire biomass and NPP during periglacial conditions.

Parameter Unit Central value Minimum Maximum Distribution

NPP_ter_perm kgC m–2 year–1 0.09 0.04 0.42 Uniform
biom_pp_ter_perm kgC m–2 0.82 0.48 1.88 Uniform

Modelling approaches investigating a smaller temperature increase than assumed in the extended 
global warming climate case suggest that the NPP in forest ecosystems will increase in the short 
perspective (< 100 years) (e.g. Wolf et al. 2008, Kjellström et al. 2009). Here, an increase of 50% is 
assumed for mean, minimum and maximum values for both NPP and biomass in mire ecosystems 
(Table 9-3).

Table 9-3. Parameter values for mire biomass and NPP during an extended global warming climate.

Parameter Unit Central value Minimum Maximum Distribution

NPP_ter kgC m–2 year–1 0.47 0.38 0.65 Uniform
biom_pp_ter kgC m–2 3.26 2.18 8.96 Uniform

Figure 9-1. Above- and below-ground biomass (kgC m–2) and net primary production (kgC m–2 year–1) 
for a number of different mire communities that can be used to illustrate potential successional stages in 
mire development. Fen communities dominated by trees may occur in different stages during development. 
The bog has been left out of this description. The large increase in biomass is an effect of the presence of 
trees. Data describing the reed wetland are means from five Scandinavian localities (Andersson et al. 2003 
(from Forsmark), Brix et al. 2001, Löfgren 2005), where below-ground NPP is assumed to be 77% of the 
above-ground NPP (Asaeda and Karunaratne 2000). Data for the other four wetlands are from Löfgren 
(2005, 2010, Chapter 6). The third and fifth vegetation types are mires from Laxemar-Simpevarp, and the 
second and fourth are from Forsmark.
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9.4 Carbon in the mire ecosystem 
Parameters that are specifically used to model fluxes of carbon-14 in the terrestrial ecosystems are 
listed in this section. 

9.4.1 Dissolved inorganic carbon in pore water
This parameter (conc_DIC_regoUp) describes the concentration of dissolved inorganic carbon, DIC, 
in the peat pore water that is present in regoUp (the oxic peat layer) and potentially available for root 
uptake. The parameter values represent the concentration during the vegetation period and were sam-
pled during one occasion in late summer in the Forsmark area at three different mires representing a 
successional gradient, spanning approximately from 450 to 1,500 years of age (Löfgren 2011). The 
samples represent the depth 0.35–0.45 m and are therefore somewhat deeper than the defined root 
zone interval (z_regoUp_ter = 0.30 m). Typically, this concentration does increase with depth and is 
a function of incoming calcite-enriched ground water, decomposition (CO2 production) and degas-
sing at the water-atmosphere boundary layer (e.g. Webster and McLaughlin 2010). The values might 
therefore be a slight overestimate of an integrated estimate of the root zone concentration. However, 
the range that is used is expected to include the potential values. For the three successional stages 
sampled it is expected that the later stage would be more dominating over time, suggesting that this 
stage should be more heavily weighted in the average estimate and therefore the average would be 
lowered. Moreover, a lower value is regarded as more cautious, because the activity concentration of 
carbon-14 is calculated based on the concentration of carbon-12. Consequently, a central value was 
chosen that represents a latter successional stage, whereas the range is built upon the individual sam-
ples from all three successional stages (Löfgren 2011). The central value is also close to the mean of 
surface samples from 12 mires in northern Sweden (Nilsson and Bohlin 1993). 

Today there are no measurements available describing the DIC concentration in the peat pore water 
just above the water table in a drained mire. The general pattern during the mire succession is that pH 
decreases and also the DIC concentration. In Forsmark, the stage at which drainage would be suitable 
could be when a sufficient part or the whole lake basin is filled with peat. The DIC concentration could 
be approximated by the measured concentrations in Stenrösmossen that is approximately 1,400 years 
old based on time since isolation and is located within the Forsmark area. However, for mires found in 
low-lying areas with large catchments the decrease in pH and DIC concentrations (and Ca2+) would be 
slower due to a larger total pool of carbonates in the soil (of the total catchment) and estimates from 
the younger Labboträsk II that is approximately 600 years old and also located within the Forsmark area 
could be used as maximum values for the DIC concentrations (Löfgren 2011). To what extent the con-
centration of DIC in peat pore water from the mire would be suitable to describe the same property in 
the drained peat above the water table is difficult to evaluate. As the peat is located above the water 
table the important influence from the groundwater disappears and solid CaCO3 earlier adsorbed to 
the peat would leach. However, CO2 from oxidation processes will also be available and dissolve in 
pore water reaching maximum values during the peak temperature in summer, suggesting that some-
what higher values might be found than measured in Stenrösmossen. The mean from the youngest 
investigated mire Labboträsk I is therefore chosen to describe maximum DIC concentration in the 
peat pore water potentially found in a drained mire.

The soil in the garden plot and in the infield-outland is glacial clay. There are no estimates of DIC 
concentrations in near-surface pore water that exactly matches this soil type. Instead a mean was 
used for the DIC concentration from a soil pipe in till below peat at a depth of approximately 3.5 m 
in the Forsmark area. This mean was built upon 25 measurements between 2003 and 2009 (soil pipe 
SFM0032). Minimum and maximum values were based on over 400 measurements from 30 different 
soil pipes between 2003 and 2009 representing several different soil types. A uniform distribution 
was assumed in the probabilistic simulation.

Table 9-4. The parameter values chosen to represent the concentration of dissolved inorganic 
carbon in the soil water of different soils

Land-use type Parameter Unit Central value Minimum Maximum Distribution

Drained mire conc_DIC_regoUp kgC m–3 0.032 0.006 0.046 Uniform
Garden plot conc_DIC_regoUp kgC m–3 0.062 0.005 0.165 Uniform
Infield-outland conc_DIC_regoUp kgC m–3 0.062 0.005 0.165 Uniform
Mire conc_DIC_regoUp_ter kgC m–3 0.014 0.006 0.071 Uniform
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9.4.2 Fraction of total DIC present as CO2 in peat pore water
This parameter (f_H2CO3_ter) describes the fraction of H2CO3 to the total pool of dissolved inor-
ganic carbon (DIC) in peat pore water. H2CO3 represents the dissolved CO2 that is available for 
degassing from the peat pore water surface. The other constituents are HCO3

– and CO3
2–, all of which 

are in equilibrium described by two temperature-dependent dissociation constants. The relative pro-
portions between the three constituents are pH-dependent (Figure 9-2). At low pH, H2CO3 dominates 
but as pH increases the dominance will switch to HCO3

– and then CO3
2– as pH rises above 10.5. As 

pH increases above 6, the reaction rate of CO2 dissolved in the pore water to form HCO3
– increases 

and this reaction rate of CO2 becomes faster than the diffusion process through the water film and 
the pH will thereby restrict the potential degassing (Stumm and Morgan 1996, Wetzel 2001). The 
relationship between the fraction of H2CO3 to the total pool of DIC (f_H2CO3_ter), pH and the dis-
sociation constants may be approximated by the following expression for a closed system.
 

𝑓𝑓_𝐻𝐻2𝐶𝐶𝐶𝐶3 =  
1

(1 + (𝐾𝐾1/[𝐻𝐻+]) + (𝐾𝐾1 ∗ 𝐾𝐾2/[𝐻𝐻+]2))
 

 
where K1 and K2 represent the dissociation constants of the two equilibria

H2CO3 ↔ HCO3 ↔ CO3
–2 and (H+) is the hydrogen concentration.

Generally, the temperature has a small effect on this parameter (Figure 9-2), whereas pH alone deter-
mines most of the variation in f_H2CO3.

The central value of f_H2CO3_ter is calculated for a mire with a pH of 6.5, representing an early 
successional fen in connection with a lake (Labboträsk I in Löfgren 2011), at a mean temperature 
(during the ice-free season) of 15°C. Minimum and maximum describes the pH range during fen 
succession. Minimum is calculated for pH 8 representing the very young mire (estimated from small 
young lakes by Qvarfordt et al. (2011)). Maximum is calculated for a pH of 5 representing a late suc-
cessional Sphagnum-dominated poor fen. The parameter value is not regarded as sensitive to climate 
change, due to the insignificant dependence on temperature (Figure 9-2). 

Table 9-5. Fraction of H2CO3 to the total pool of dissolved inorganic carbon (DIC) in peat pore water. 

Land-use type Parameter Unit Central value Minmum Maximum Distribution

Mire f_H2CO3_ter Bq Bq–1 0.46 0.03 0.96 Uniform

Figure 9-2. The fraction of dissolved CO2 to the total DIC pool (f_H2CO3) plotted against pH and its 
dependence on the temperature-dependent dissociation constants.
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9.4.3 Carbon content of peat
This parameter (f_C_peat) describes the carbon content as a fraction of the dry weight of the whole 
peat column and the value is based on a mean estimate from 73 mires in Finland spanning both 
coastal and inland localities and Carex and Sphagnum dominated peat (Mäkilä and Goslar 2008). 

Table 9-6. Carbon content of peat, described as a fraction carbon of dry weight. 

Parameter Unit Central value Stdev Minimum Maximum Distribution

f_C_peat kgC kgdw–1 0.46 0.03 0.4 0.55 Normal

9.4.4 Carbon root uptake by vascular plants 
Carbon uptake from the atmosphere is the most important pathway for the vegetation, but roots can 
also incorporate inorganic carbon from the soil by root uptake. This parameter (f_rootUptake) is the 
fraction of the total carbon uptake that is taken up by roots. Several studies suggest that the amount 
of incorporated carbon via roots is small in comparison to the carbon assimilated from atmospheric 
CO2 across many different functional types. Estimates for Salix by Vuorinen et al. (1989) show 
that direct root uptake of carbon may be 1 to 2% of the carbon assimilated by leaves. In a study on 
Phragmites australis where carbon-14-labelled DIC was added to the rhizosphere interstitial water 
the uptake was less than 1% of the amount of carbon fixed from the atmosphere by aerial plant tissue 
(Brix 1990). Ford et al. (2007) demonstrated that carbon-13-labelled CO2 dissolved in soil water can 
be absorbed and fixed in the tree Pinus taeda seedlings, but also in this study DIC supplied from 
the soil contributed less than 1% to total seedling carbon gain. Sheppard et al. (1991) estimated that 
about 1.7% of the plant carbon may be derived directly from root uptake in a carbonated soil, but 
also showed that the values were much lower in a non-carbonated soil. A study by Amiro and Ewing 
(1992) on the uptake of inorganic carbon-14 by bean plant roots showed that carbon-14 uptake via 
the roots was independent of the photosynthetic rate and, in most cases, could be predicted by know-
ing the transpiration rate and the nutrient solution concentration. Hwang and Morris (1992) calcu-
lated the uptake of non-atmospheric carbon to be 10% of the total uptake of the large perennial grass 
Spartina alterniflora found in intertidal wetlands, but did not account for respiration losses for the 
internal turnover of carbon dioxide suggesting a somewhat lower figure.

In wetlands and especially in fens, characterised by a high- and low-fluctuating water level, bryo-
phytes are partially submerged in wet habitats. Diffusion of CO2 is approximately 100 times lower 
in water than in air and water therefore acts as barrier to CO2 assimilation. Therefore, submerged 
conditions cause high resistance to CO2 uptake with consequences for NPP. Results from carbon-13/
carbon-12 ratios presented by Proctor et al. (1992) suggested that partially submerged bryophytes 
mainly used CO2 originating from the atmosphere. Complete submerged conditions will occur 
mainly during peak water level e.g. the spring flood. Completely submerged bryophytes will not 
be able to use atmospheric CO2. Bryophytes are known to be almost obligate CO2 users and are 
therefore not able to use bicarbonates as for example submerged vascular plants (Bain and Proctor 
1980). High concentrations of CO2, due to respiration, so-called substrate-derived CO2 in the water-
inundated surface peat layer may partly compensate for low diffusion (e.g. Rydin and Clymo 1989). 
In conclusion, the CO2 derived directly from the fen water by bryophytes is regarded to be of less 
importance as compared to atmospheric CO2 for NPP for most bryophytes during the vegetation 
period. This pattern is even more pronounced as compared with the total NPP where vascular plants 
contribute with the major part of the total NPP on the fens in Forsmark. This parameter value is not 
regarded to be sensitive to climate change. 

Table 9-7. Fraction of the total carbon uptake that is taken up by roots. 

Parameter Unit Central value Minimum Maximum Distribution

f_rootUptake kgC kgC–1 0.02 0.01 0.1 Uniform
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9.4.5 Piston velocity
In a biosphere object volatile radionuclides may be exchanged across the atmosphere-surface water 
interface. Such a gas flux may be described by the equation,

J = –ψ(Csurf – Ceq)

where 

J is the gas exchange between surface water and atmosphere, 

Csurf is the concentration of the gas in the surface water,

Ceq is the concentration of gas in the atmosphere and 

ψ is the gas exchange coefficient. It has the dimension of a velocity (m s–1) and is referred here to as 
the piston velocity. This velocity is estimated from experiments using a tracer gas and is normalised 
to the gas of interest (Cole and Caraco 1998, McGillis et al. 2000). In the radionuclide model it is at 
present time the CO2 flux of the isotope carbon-14 that is of primary interest for this gas exchange. 
The piston velocity for CO2 is calculated as

ψCO2 = ψ600(ScCO2/600)–1/2

where 

ψ600 = (2.07 + 0.215×U10
1.7/365,000

is an empirically derived best-fit power function for the piston velocity (piston_vel_ter in m s–1) of 
the tracer gas SF6 normalised to a dimensionless Schmidt number of 600, which is dependent on 
wind speed at 10 m height (U10, in m s–1) and SCCO2 is the Schmidt number of CO2 (Cole and Caraco 
1998). This expression includes the constant 365,000 to transform the piston velocity from cm h–1 
into m s–1. The exchange over a lake or sea water surface is affected by the wind speed. However, 
in a mire the water surface is commonly found just below the peat surface and is often covered with 
dense vegetation. It is therefore assumed that the effect of wind speed is negligible and is conse-
quently set to zero. The Schmidt number for CO2 is temperature dependent and is described by:

ScCO2 = 1,911 – 113.7×T + 2.967×T2 – 0.02943×T3

where T is the temperature in °C. The Schmidt number was calculated based on the monthly tem-
perature of four small shallow lakes close to the coast (Qvarfordt et al. 2011), which are assumed to 
represent the peat pore water in the z_regoUp_ter (0.3 m) of the mire. The piston velocity was aver-
aged across months to describe the yearly exchange (m year–1), which is expected to occur during the 
ice-free season. This period is assumed to be similar to the ice-free season in the lakes (~ 240 days 
during April–November, Andersson 2010).

A comparison of the impact of temperature and the effect of ice-free conditions on the yearly aver-
age piston velocity showed that the latter had the largest impact on the result (Figure 9-3). Minimum 
and maximum values were therefore calculated based on variations in number of ice-free days alone 
(227–267 days during 2002–2007, Andersson 2010), where the minimum represented 7 ice-free 
months and the maximum 9 ice-free months (Table 9-8). It is therefore a slight overestimation of 
the actual exchange as the effect of the temperature is neglected. In the periglacial climate case, it is 
assumed that there are four ice-free months of the year and a lower water temperature is used cor-
responding to April, May and September for 2011 (Table 9-8).

In the extended global warming calculation case, it is assumed that there are 11 ice-free months of 
the year, but the same water temperatures as for 2011 (Table 9-8).

A modelling approach, where the radionuclide transport model for the biosphere was used to study 
the performance of carbon-12 in the model and the result was compared with empirical estimates, 
suggested that the degassing of CO2 was too effective in the model (SKB 2014a, Chapter 9). The 
calculated piston velocity (Table 9-7) returned a too low concentration of dissolved CO2 in the pore 
water of the upper peat layer. The measured concentrations were three times larger than the value 
that the model returned. Therefore, the piston velocity was reduced by a factor of three, based on the 
linear relationship between the piston velocity and the CO2 concentration in the pore water. This was 
done for all three climate cases (Table 9-8).
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Table 9-8. Piston velocities for the three climate cases (m year–1). The values within parentheses 
are the values that were calculated, whereas the adjusted values (based on model calibration) 
were used in the radionuclide transport modelling (see text for further information).

Central value Minimum Maximum Distribution

Piston velocity (piston_vel_ter) for global warming 
base case (m year–1)

50 (151) 45 (145) 55 (157) Uniform

Piston velocity (piston_vel_ter_perm) for periglacial 
climate case (m year–1)

47 (141) 42 (133) 52 (152) Uniform

Piston velocity (piston_vel_ter) for extended global 
warming climate case (m year–1)

46 (137) 41 (134) 51 (145) Uniform

9.4.6 Solubility of CO2 at equilibrium
The equilibrium concentration of a volatile element in pore water can be expressed as a function of 
the atmospheric concentration of the volatile element and a solubility constant (k_solubility), the 
so called Henry´s coefficient, using Henry´s law. This equilibrium concentration is further used to 
calculate the gross flux of the volatile element from the atmosphere into the surface peat pore water. 
This solubility constant (solubilityCoef_ter) is dimensionless (mol m–3 per mol m–3 or kM kM–1, kH.cc) 
and describes the relationship between the concentration in the peat pore water of the compartment 
z_regoUp_ter (0.3 m) and the concentration in the atmosphere. This constant is temperature depend-
ent and the relationship may be approximated by

𝑘𝑘𝐻𝐻.𝑐𝑐𝑐𝑐(𝑇𝑇) = 𝑘𝑘𝐻𝐻.𝑐𝑐𝑐𝑐�𝑇𝑇⊝� exp �𝐶𝐶 𝐶
1
𝑇𝑇
−

1
𝑇𝑇⊝

�� 

where kH.cp is the Henry´s law constant expressed as the relationship between the concentration in 
the fluid and the partial pressure of the gas in the atmosphere (converted to kH.cc by multiplying with 
24.46). 

T is the temperature in the fluid in Kelvin. 

T ϴ refers to the standard temperature (298 K) and 

C is an element-specific constant (2,400 K for CO2). In the current assessment, it is the gas transport 
of carbon-14 that is modelled.

Figure 9-4 shows the variation in the solubility constant for CO2 as the function of the intra annual 
mean temperature pattern of four small shallow lakes (Qvarfordt et al. 2010, 2011) that is used to 
approximate the peat pore water of the upper 0.3 m of the mire. A higher solubility is found at low 
temperatures, but the solubility will be restricted by an ice sheet during the winter. Therefore, the 
mean value is based on the monthly mean temperatures during the ice-free season (April-November, 
Andersson 2010). 

Figure 9-3. Description of the temperature dependency of the piston velocity expressed as m year–1.
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A central value of the solubility of CO2 in the peat pore water was estimated based on the mean tem-
perature of four lakes from the year 2011 (Qvarfordt et al. 2011, Figure 9-4). An estimate of the vari-
ation was based on the coefficient of variation for the yearly mean solubility constant between 2003 
and 2009 from Lake Labboträsk in Forsmark (see Table 9-9). 

For periglacial conditions, this parameter was calculated for a case with only four months of ice-free 
conditions and where the water temperatures were based on the early season (April–May) and the 
late season (September– October) temperatures of today (5°C, 12.5°C, 14°C and 3°C). A standard 
deviation was estimated using the same coefficient of variation as for the temperate case. For an 
extended global warming climate, the number of ice-free days during the year would increase and 
also the temperature. However, the same value is used as for the temperate case (see Table 9-9).

Table 9-9. Solubility coefficients for the different climate conditions (mol m–3 per mol m–3). The 
min value was set to zero to avoid negative parameter values in the probabilistic modelling.

Central value Stdev Minimum Maximum Distribution 

Solubility coefficient, global warming climate, 
extended global warming (solubilityCoef_ter)

1.23 0.05 0 Normal

Solubility coefficient, Periglacial climate 
(solubilityCoef_ter_perm)

1.34 0.05 0 Normal

9.5 Terrestrial atmosphere parameters
The atmosphere compartment of the terrestrial ecosystem is divided into two layers overlying the 
canopy layer (Saetre et al. 2013a). The heights of these layers are presented here together with the 
drag coefficient and Kármán constant.

9.5.1 Drag coefficient
The drag coefficient (dragCoef) is a dimensionless quantity that is used to quantify the drag or resist-
ance of the vegetation in the canopy atmosphere. It is used in the equation of the extinction (attenu-
ation) coefficient of the vegetation, used to model the wind profile in the canopy layer. The value 
(0.2 unitless) used in the simulations for all types of vegetation is taken from Goudriaan (1977), 
where this value is recommended for grasses, maize and coniferous forest.

Figure 9-4. Monthly estimates of Henry´s coefficient describing the intra-annual variation in solubil-
ity of CO2 over two years based on the mean temperature of four small shallow lakes that are used to 
approximate the temperature of the surface peat pore water in a mire. The temperatures in the figure refer 
to lowest and highest values in 2011. The mean value of the coefficient during the ice-free season (April–
November) was 1.23 for 2011 and 1.18 for 2010.
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9.5.2 Height of the terrestrial Layer 1
The height of the first above-canopy atmospheric layer (height_L1_ter) is assumed to be 2.5 m. This 
value defines the thickness of the air layer directly above the canopy, where air concentrations are 
representative for estimation of inhalation doses of exposed individuals. 

9.5.3 Height of the terrestrial Layer 2
Height of the second above-canopy atmospheric layer (height_L2_ter), assumed for convenience to 
be 10 m, which is the height at which measured values of wind velocities are available. As showed in 
Saetre et al. (2013a) this parameter has a weak influence on the dose estimates.

9.5.4 Kármán constant
The von Kármán constant (or Kármán constant) is a dimensionless constant (karman_const) describ-
ing the logarithmic velocity profile of a turbulent fluid flow near a boundary with a no-slip condi-
tion, i.e. when viscous fluids at a solid boundary will have zero velocity relative to the boundary. 
The von Kármán constant is used in the equations that are used to model the vertical profiles of 
wind speed and resistances. It is considered to be a universal constant equal to 0.41 (Arya 2001).

9.5.5 Leaf width
This parameter (leaf_width_ter) describes the width of the plant leaves for different types of vegeta-
tion. Generally, there may be a large plasticity in this type of character that is dependent on environ-
mental factors such as soil type, nutrient supply, exposure and water availability. The central value is 
chosen to represent a typical and/or well-managed and productive habitat/crop. The parameter Leaf_
width _ter represents the vegetation on the mire, which is characterised by different Carex species. 
This represents a set of different potential vascular plant species during succession from narrow-
leaved Carex lasiocarpa (min) to broad-leaved Phragmites australis (max). Estimates for fodder 
are based on potential grass species and some herbaceous species. Estimates for cereals, potato and 
cabbage are all built upon expert judgement, whereas the other estimates are taken from Mossberg 
and Stenberg (2003). The standard deviations were derived by using the coefficient of variation from 
the biomass estimates above (CV=0.16). The mean value for the mire would also be applicable to the 
periglacial and extended global warming climate cases (see Table 9-10).

Table 9-10. Width of leaves of different crops and mire vegetation (m). 

Parameter Unit Central value Stdev Minimum Maximum Distribution Genus/species

leaf_width_ter m 0.005 0.001 0.03 uniform Carex sp.
leaf_width_cereal m 0.015 0.002 0.005 0.03 normal Barley
leaf_width_fodder m 0.02 0.003 0.005 0.04 normal Poaceae
leaf_width_tuber m 0.06 0.01 0.03 0.1 normal Potatoe
leaf_width_veg m 0.15 0.024 0.1 0.25 normal Cabbage

9.5.6 Leaf area index
Leaf area index, LAI, is used in two different approaches; 1) to describe the density of the canopy 
in the atmospheric modelling of carbon-14. 2) to describe the potential adherence of radionuclides 
to the plant leaf surface when using irrigation in agricultural systems. The leaf area index describes 
the density of the vegetation and is expressed as the one-sided area of the green leaves in relation to 
the ground area. Generally, there is an increase in LAI from the beginning of the vegetation period 
reaching a peak during mid-summer and then a decrease towards the end of the vegetation period. 
For agricultural systems where crops are sown and grown during a single vegetation period, there is 
a steady increase in LAI until harvest. Consequently, the peak estimate will be higher than the aver-
age value during the vegetation period for most ecosystems in northern latitudes. For agricultural 
systems there are also periods during the vegetation period that are devoid of vegetation (e.g. after 
harvest or prior to sowing). Such periods have not been accounted for and the presented average 
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estimates may therefore be slightly overestimated on an annual basis. However, in most cases, edible 
parts are produced in the mid-season when the LAI is at its peak (cereals and berries). On the other 
hand vegetables are steadily growing until harvest and the LAI could then roughly be described by 
the peak value divided by 2. Here, values represent peak values over all crops/ecosystems in order 
to have consistent approach, but which is somewhat cautious in some aspects.

The LAI representing the mire (LAI_ter) is based on the mean peak values from four boreal mires 
covering both rich and poor fens and one treed poor fen (Riutta et al. 2007, Glenn et al. 2006, Syed 
et al. 2006). The maximum value is taken from a reed wetland (Hardej and Ozimek 2002).

The LAI for cereals is represented by barley (LAI_cereal) and in grass crops the peak LAI is typi-
cally 3-6 (Williams 1980). The best estimate is from a study in south-central Sweden (Persson 1997) 
and the maximum value was from Petterson (1987).

Fodder (LAI_fodder) may to a large extent be dominated by different grass species and the same 
range is used for fodder as for barley. Fodder also to some extent contain other leguminous forage 
crops and the best estimate was chosen from Persson (1997). 

A LAI range for potatoes (LAI_tuber) was suggested by Bergström and Barkefors (2004). Gordon 
et al. (1997) showed that Atlantic and Nordic varieties had a maximum LAI between 3 and 4, which 
was similar to their best estimate. 

The leaf area index for vegetables (LAI_vegetables) is represented by cabbage (see also separate 
description of yield). Bergström and Barkefors (2004) suggested a best estimate and a range for leafy 
vegetables that was used. Lotz et al. (1997) showed a similar range for cabbage in a study on inter-
specific competition.

Standard deviations were based on a coefficient of variation from data describing LAI for the mire. 
The parameter values used are listed in Table 9-11. 

Table 9-11. Parameter values describing the peak LAI (leaf area index) for four crops and mire 
vegetation (ter).

Crop Unit Central value Stdev Minimum Maximum Distribution

LAI_cereal m2 m–2 4 0.6 3 6.3 Normal
LAI_fodder m2 m–2 6 – 3 6.3 Uniform
LAI_ter m2 m–2 1.2 1 6 Uniform
LAI_tuber m2 m–2 4 0.6 3 5 Normal
LAI_veg m2 m–2 5 0.6 4 6 Normal

A comparison of LAI between three boreal and three arctic (Soegaard et al. 2000, Oechel et al. 2000) 
and one subarctic mire (Aurela et al. 2007) suggested small differences and the boreal value pre-
sented above could also represent periglacial conditions.

For the extended global warming case the LAI is expected to increase. The LAI on three temper-
ate mires (Guo and Sun 2011, Moore et al. 2002, Chojnicki et al. 2007) were higher than the boreal 
estimate. The maximum was the same as for the boreal case. The increase in LAI for mire vegeta-
tion (50%) was assumed to also be representative for cereals. The standard deviation for cereals was 
assumed to be the same as for the temperate climate. Fodder LAI was assumed to be approximately 
the same as for the temperate climate (Table 9-12).

Table 9-12. Parameter values describing the peak LAI (leaf area index) for four crops and mire 
vegetation (ter) used in the extended global warming case. 

Crop Unit Central value Stdev Minimum Maximum Distribution

LAI_cereal m2 m–2 6 0.6 Normal
LAI_ter m2 m–2 2.4 2.1 6 Uniform
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9.5.7 Concentration of carbon in the atmosphere
The behaviour of carbon-14 in the biosphere is modelled using a specific activity approach, which is 
motivated by the strong influence that the carbon cycle has on the environmental behaviour of this 
radionuclide. The specific activity of carbon-14 in air is calculated using the total carbon concentra-
tion (all isotopes) in the atmosphere (conc_C_atmos). The Global Monitoring Division of the Earth 
System Research Laboratory has measured CO2 and other greenhouse gases for several decades at a 
globally distributed network of air sampling sites (Tans 2009). The data were reported as the dry air 
mole fraction and were converted into mol CO2 at +5°C using the ideal gas law. This estimate was 
then converted to kgC m–3. The annual average of 2008 was used to represent a central value of the 
carbon concentration (representing 385 ppm of CO2). The minimum value represents the value at the 
start of the measurements in 1959 and the maximum represents the maximum concentration used in 
the IPCC emission scenario A1B (717 ppm, SKB 2014d). A uniform distribution is assumed in the 
probabilistic estimates (Table 9-13). 

The periglacial climate case is associated with low CO2 concentration in the atmosphere and the 
estimate was taken from Kjellström et al. (2009), where it was based on ice-core records spanning 
the last 800,000 years (Kjellström et al. 2009 and references within) (Table 9-13). The standard devia-
tion is based on the calculated coefficient of variation from the measurements at the Earth System 
Research Laboratory (Tans 2009)

The extended global warming climate case is associated with a high carbon emission rate and the 
value is taken from the IPCC climate scenario A2 (856 ppm, IPCC SRES 2000) and the standard 
deviation is based on the calculated coefficient of variation from the measurements at the Earth 
System Research Laboratory (Tans 2009). A normal distribution is assumed for the periglacial and 
the extended global warming distributions (Table 9-13). 

Table 9-13. Carbon content of the atmosphere in different climate cases (kgC m–3). 

Central 
value

Minimum Maximum Stdev Distribution

Global warming climate case  
conc_C_atmos (kgC m–3)

2.0E–4 1.7E–4 3.8E–4 Uniform

Periglacial climate case  
conc_C_atmos (kgC m–3)

1.1E–4 0 1.4E–2 Normal

Extended global warming climate case 
conc_C_atmos (kgC m–3)

4.5E–4 0 1E–6 Normal

9.5.8 Wind velocity
The parameter wind velocity at 10 m height (vel_wind_height_ref_ter) was determined with data 
from the local meteorological station Högmasten at the Forsmark site. The data set was obtained 
from the SKB database Sicada (the Sicada delivery ID is Sicada_09_054_windspeed). The wind 
speed is registered at a height of 10 m (height_ref_ter) every 30 minutes and calculations are based 
on data for the period May 2003 to July 2007. Monthly means were calculated for the whole period, 
and the monthly means were used for the missing months in 2003 and 2007 so the data set would 
represent five years (Löfgren 2010, p 345). 

Table 9-11. The wind velocity at 10 meters height (m s–1).

Parameter Unit Central value Stdev Minimum Maximum Distribution

vel_wind_height_ref_ter m s–1 1.9 0.1 1.8 2.0 Normal
height_ref_ter m 10 – – – –



SKB R-13-18 103

9.5.9 Vegetation height
This parameter (height_CA_cereal, height_CA_fodder, height_CA_tuber, height_CA_ter, height_
CA_veg) describes the above-ground height of the canopy layer. Table 9-12 shows the different 
vegetation types or crops for which canopy heights were estimated. For monocultures, such as crops, 
estimates cover the variation within the species, whereas for “natural” ecosystems estimates have to 
cover different dominating species, e.g. due to succession. The height of the canopy layer of the mire 
is described by a mean that represents a Carex/herb dominated fen, minimum is a bryophyte domi-
nated fen and maximum represents a reed dominated fen. The mean value for the mire would also 
be applicable to a periglacial and an extended global warming climate. The standard deviations were 
derived by using the coefficient of variation (CV) from the biomass estimates above (CV=0.16).

Table 9-12. The canopy heights of different agricultural and wetland vegetation communities.

Vegetation Unit Central value Stdev Minimum Maximum Distribution Genus/species

height_CA_cereal m 0.9 0.14 0.4 1.2 normal Hordeum, Avena
height_CA_fodder m 0.4 0.06 0.25 0.6 normal Poaceae,herbs
height_CA_tuber m 0.4 0.06 0.25 0.7 normal Potatoe
height_CA_ter m 0.3 0.05 2.0 uniform Carex, Phragmites
height_CA_veg m 0.25 0.04 0.15 0.4 normal Cabbage

9.6 Fluxes of chlorine in ecosystems
These parameters describe natural concentration of stable chlorine in mire ecosystems.

9.6.1 Concentration of chlorine in mire vegetation
This parameter (conc_Cl_PP_ter) describes the naturally occuring combined organic and inorganic 
chlorine concentration in the vegetation of the treeless mire (see Section 9.3). It is based on measure-
ments from one alder swamp forest, a drained peatland with forest regrowth and one oak forest in 
Laxemar in south of Sweden (Löfgren 2010). The seven samples represents three green tissue sam-
ples from trees and four samples from the field layer and are presented as gCl kgC–1. No values were 
found for mire vegetation in the literature, but Van den Hoof and Thiry (2012) presented a figure for 
pine tree needles corresponding to 1.2 gCl kgC–1. Similarly, Lovett et al. (2005) reported two values 
for sugar maple leaves of 0.7 and 0.8 gCl kgC–1. Lobert et al. (1999) reviewed the chlorine content 
for a broad spectrum of functional groups covering both tropical as well as temperate vegetation and 
reported a range between 0.02 and 18.8 gCl kgC–1 based on 531 observations. For plant growth, a gen-
eral Cl– requirement of 2 g kgC–1 has been suggested (assuming a carbon content of 0.5 kg kg–1 dw), 
but deficiency symptoms have been observed at 0.2–11.4 gCl kgC–1, whereas toxic levels between 
8–100 gCl kgC–1 have been reported for agricultural crops (White and Broadley 2001). The geometric 
mean was chosen to represent the central value of the seven observations from Laxemar. The mini-
mum was also taken from the seven samples whereas maximum was set to the upper range of where 
toxic levels were observed. (GM = 2.1, GSD = 3.5, minimum = 0.2, maximum = 100 gCl kgC–1).

9.6.2 Concentration of dissolved chlorine in the mire pore water
This parameter describes the concentration of dissolved chlorine in mire pore water of the upper 
oxidised part of the peat layer that is available for root uptake (conc_Cl_regoUp_ter_D). It is based 
on measurements from five mires in Forsmark, where each mire is represented by 5 pooled samples 
covering an area of 300 m2 taken at a depth of 20–25 cm below the ground surface (Sheppard et al. 
2011). A geometric mean of the five samples was chosen to represent the best estimate. (GM = 13.9, 
GSD = 4.9. minimum = 3.1, maximum = 242.1 gCl m–3).
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9.6.3 Discrimination factor during decomposition for chlorine
The parameter df_decomp_Cl describes the rate of chlorine released through fast mineralisation of 
litter (mire vegetation or lake vegetation) relative the rate of organic matter decomposition. For all 
other elements we assume that radionuclides in plant and litter are incorporated into organic matter 
and released in proportion to the mineralisation of organic matter (df_decomp_ter and df_decomp_
aqu = 1). However, approximately 60% of chlorine in living plant tissue is found in inorganic form 
(Redon et al. 2011), and this fraction can be expected to be readily released when the leaves senesce 
and cell membranes are disrupted. If it is assumed that all inorganic radionuclides in litter are released 
within a year, then df_decomp can be calculated from the partitioning of radionuclides in the organic 
and inorganic fractions:

df_decomp= f_org +  f_inorg /(1-f_refrac),

where f_org and f_inorg is fractions of a radionuclide in organic matter and inorganic form respectively, 
and f_refrac is the fraction of refractory organic material in litter (which is left after initial mineralisation). 
The central value of df_decomp_Cl was calculated by adopting the value by Redon et al. (2011) for 
f_org and the f_refrac described earlier (see 9.9). A minimum value was calculated by assuming 
a somewhat more effective mineralisation (f_refrac = 0.2). A maximum value was calculated by 
assuming that only 20% of the chlorine is found in the organic fraction (Bastviken pers. Com.)

Table 9-13. Parameter value describing the fraction of chlorine that is available through  
mineralisation. Values are unitless.

Parameter Central value Minimum Maximum Distribution

df_decomp_Cl 1.26 1.15 1.34 Uniform

9.7 Depth of biological active layer of peat and cultivated peat
The parameter z_regoUp_ter represents the depth (m) of the more or less unsaturated peat layer where 
the highest biological activity is found e.g. the largest part of the heterotrophic respiration and all 
autotrophic root respiration occurs in this zone if vascular plants are present. This zone represents the 
volume from which root uptake occurs. The below-ground biomass is typically found in the upper-
most 30 cm. As an example Saarinen (1996) showed that the roots of Carex rostrata were found to a 
depth of 23 cm in a Finnish mire. The distinction between this layer and the permanently anoxic layer 
beneath may be more or less sharp and vary as a consequence of the plant community and the varia-
tion in groundwater depth. Sphagnum-dominated poor fens and bogs have a sharper boarder between 
the acrotelm and the permanently anoxic catotelm layer, whereas fens with a more dominating vascu-
lar plant community will have a somewhat more diffuse zone between these zones called mesotelm. 
This is due to the aerenchyma that many wetland vascular plants have that is able to transport oxygen 
(and carbon dioxide and methane) from the atmosphere down to the roots and to the root exudates 
provided by the plants in this oxygen-enriched zone. The depth of this zone also changes during the 
year due to temperature but mainly due to variation in water table depth and NPP. The variation in 
water table depth is generally less in fens fed by minerogenic water, as compared with rain-fed bogs 
(e.g. Kettunen et al. 1999, Webster and McLaughlin 2010) and the water table is usually found close 
to the vegetation surface in the fens in Forsmark (Löfgren 2011). Fens in Forsmark are characterised 
by a high abundance of vascular plants and a dominating Sphagnum community is only present in 
late successional bog-like stages further inland (> 2,000 years old). Overall, a lowered water table 
decreases methane emissions and increases oxidation processes as the unsaturated zone increases, 
whereas a high water table will increase methane emissions and decrease mineralisation processes as 
a consequence of a change in the aerobic/anaerobic environments. One way of assessing the depth to 
which there are aerobic conditions is to use data describing the methane oxidation that occurs in pres-
ence of oxygen. Sund et al. (1994) found the maximum oxidation rate to be close to the water table 
depth and diminished between 0.1 to 0.4 m below the average water table depth. Similar intervals 
were also found by Kettunen et al. (1999). Mäkilä and Goslar (2008) estimated the age of the acrotelm 
to between 300 and 500 years, which was found less than 0.4 m below the peat surface, based on a 
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large sample from Finnish mires. The depth of this zone was set to 0.30 m below the peat surface and 
is an approximated depth during the vegetation period. The minimum is set to 0.1 m and the maxi-
mum to 0.40 m below the peat surface. The distribution was defined as uniform, due to the potential 
for all values within the range to occur during successional development. 

In the drained mire, z_drain_agri defines the unsaturated regolith layer, which also approximates 
the effective drainage depth of the mire. This is the depth in which all roots are contained. Mueller 
et al. (2005) showed that the water table depth is the best measure for controlling both production 
and water use efficiency at comparable climatic and soil conditions. Too shallow a water table depth 
will lower the production and it is therefore a trade-off when investing time making the drainage 
channel system deep enough. Mueller et al. (2005) showed that different grass species suitable for 
hay production could reach high production at a water table depth of around 0.5. Here, this figure is 
used to represent a suitable water table depth for all crops that are cultivated on the drained mire. 
This parameter is assumed to be a fixed value and was not varied in the probabilistic simulations. 
The z_drain_agri depth is applied on the consolidated peat or gyttja. This approximates close to 1.5 m 
of unconsolidated peat in an newly drained fen. The consolidation starts immediately as the draining 
begins and is a function of subsidence and oxidation rates. The time varies, but is here assumed to be 
representative of at least 50 years of agricultural use. In the modelling the process of consolidation is 
also assumed to take place instantaneously, which means that the crop will be exposed to the radio-
nuclide inventory of, in this case, 1.5 m undrained and unconsolidated peat immediately instead of a 
successive increase of the peat depth (see also description of compaction in Section 5.4.3).

For the garden plot and the infield-outland calculation cases z_regoUp represents the thickness of the 
layer in arable land that is regularly ploughed (Karlsson et al. 2001) and is also the layer in which 
most of the roots are found.

Table 9-14. The depth of the upper biological active layer in mires, drained mires and cultivated 
soils (m). 

Land-use type Parameter Unit Central value Minimum Maximum Distribution

Mire z_regoUp_ter m 0.3 0.1 0.4 Uniform
Drained_mire z_drain_agri m 0.5 Uniform
Garden_plot z_regoUp m 0.25 0.2 0.3 Uniform
Infield_outland z_regoUp m 0.25 0.2 0.3 Uniform

9.8 Hydrological fluxes in agricultural soil 
This section describes the downward and upward fluxes of water in a drained mire used for agricul-
tural purposes. 

9.8.1 Percolation in areas used for cultivation
This parameter (percolation_agri) is used to calculate the leaching of radionuclides previously 
incorporated into the organic soil layer. Percolation is the net downward flow (precipitation-inter-
ception-evaporation-transpiration) to the saturated zone causing leaching in the upper aerated and 
biologically active layer (z_regoUp). The evapotranspiration is expected to be higher on agricultural 
land during the vegetation period (=less runoff), but is on the other hand lower during other periods 
due to lack of vegetation and lower potential evaporation rates. A general figure based on the land-
scape area therefore may be a good enough best estimate of the actual amount of water passing the 
upper peaty soil layer of the agricultural land causing leaching of radionuclides. 

The percolation is derived from hydrological modelling using MIKE-SHE simulations describing 
the landscape of Forsmark at 2000 AD, 5000 AD and 10,000 AD (Bosson et al. 2010). Based on 
these three simulations with a similar climate as today the mean percolation was 0.198 m3 m–2 year–1 
(0.183, 0.183, 0.227 m3 m–2 year–1).
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The percolation was of similar magnitude to the runoff (the runoff/percolation ratio was 0.96, 1.01 
and 0.81 for the three simulations), which made it possible to use statistics describing runoff to infer 
statistics for the percolation. The modelled runoff is similar to the long-term data set from Vattholma 
(Larsson-McCann et al. 2002). Minimum, maximum and standard deviation values for runoff were 
based on this time serie of monthly mean discharge from year 1917 to 2000 (SMHI station 50110). 
Data are presented in Table 9-15. 

According to an earlier calculation, a global warming case would both include a higher temperature 
as well as more precipitation. Simulating wetter and warmer conditions inferred from global warm-
ing, hydrological modelling (Bosson et al. 2010) suggested that both the runoff and the percolation 
will increase (mean from three simulations was 0.262 m3 m–2 year–1). This value is within the range 
given for the probabilistic simulation below and is therefore considered to be included in the proba-
bilistic approach. 

In an extended global warming calculation case, the percolation has been shown to be affected by a 
variety of different factors and can therefore present a range of different values (e.g. BACC (2008) 
presented data for the change in volume of discharge into the Bothnian Sea). It was concluded that 
the range presented in the main temperate case would also include this case. 

In the periglacial calculation case, no draining of mires for agricultural use is considered, and there-
fore no alternative data for percolation are needed. 

Table 9-15. Percolation in agricultural soils. 

Parameter Unit Central value Stdev Minimum Maximum Distribution

percolation_agri m3 m–2 year–1 0.20 0.08 0.07 0.45 Normal

9.8.2 Upward flux of groundwater into the unsaturated zone of the 
agricultural land

This parameter (flux_water_satSoil_agri) describes the upward flux of groundwater into the unsatu-
rated zone of the agricultural land, where the roots are found. This groundwater flux is driven by 
evapotranspiration and is affected by the amount of water originating from precipitation that is avail-
able in the root zone. The potential use of groundwater mainly depends on water table depth, crop 
type and biomass (Mueller et al. 2005). The upward transport of radionuclides in the agricultural 
land is proportional to the upward flux of groundwater and the concentration of radionuclides in the 
solute phase.

Johansson and Klingspor (1977) modelled the daily balance between precipitation and evapotran-
spiration during the vegetation period for a number of different regional areas in Sweden during a 
normal year (1976) and a dry year, taking the soil type into account (detailed description of methods 
in Johansson (1973)). A need for additional water is defined as when the water content in the root 
zone comes close to the wilting point. At that point, additional water is needed to support plant 
maintenance and growth. The modelled need for additional water input could be provided either by 
irrigation or by capillary rise from deeper soil layers and the groundwater table. The results of the 
modelling suggest that potatoes and fodder generally need more water than barley. The range of the 
additional need for water was 20 mm during a normal year and 65 mm during a dry year for barley 
in central Sweden. For potatoes and hay the range was between 80 and 115 mm. Both these studies 
represent agricultural land dominated by a low organic content and fine grained soil, such as clay, 
whereas the agricultural soils considered in the biosphere objects are dominated by peat soils. Peat 
soils have a high water-holding capacity and may therefore be regarded similar to fine-grained agri-
cultural soils in that respect. Another consideration is the relatively shallow groundwater table in the 
drained peatland compared with the investigated agricultural lands.

Generally, the evapotranspiration during the vegetation period is dominated by water originat-
ing from precipitation, but Mueller et al. (2005) found that this dominance decreased as the water 
table depth decreased and water originating from groundwater became dominant for e.g. grasslands 
with a shallow groundwater depth and wetlands (see also Johansson 1973). Mueller et al. (2005) 
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estimated the groundwater recharge during the vegetation period to be 10–60 mm for spring barley 
and 80–300 mm for pasture grasses for various soils and groundwater depth levels. The higher end 
represents conditions with shallower groundwater depths, which would be similar to conditions in 
a drained peatland. The larger span for grass is explained by the larger span in groundwater table 
(GWT) depth with 0.4–1.2 m for grasses and 0.8–1.0 m for spring barley. This also illustrates a 
higher tolerance for a more shallow GWT depth for hay. Moreover, because of the higher annual 
mean temperature (but similar annual precipitation) and higher production on the fields in central 
Germany investigated by Mueller et al. (2005) the values are expected to be higher than those from 
central Sweden.

In the earlier safety assessment of SFR the upward transport from the GWT to the unsaturated zone 
below an upper soil layer (ploughing depth, same as here) was estimated to be 200 mm (range 100 
to 300 mm), where the GWT depth was approximately one metre. The upward transport to the top 
soil was set to 100 mm (range 50 to 200 mm) (Karlsson et al. 2001). The first figure was based on 
lysimeter experiments (BIOMOVS II 1996) and the second was set to 100 mm as “the influence of 
capillary rise will decrease when the distance to the groundwater table increases”.

These studies present estimates of similar magnitude and may vary due to factors such as crop, 
biomass, water table depth and climate. Based on the two previous studies it is suggested that the 
upward flux of groundwater from a drained mire with shallow groundwater table, would be within 
the range of 20 to 65 mm for barley as a long-term annual average, while the flux would be between 
80 and 300 mm for hay. These ranges would also include warmer conditions. A central value was 
chosen within the range presented above and standard deviation was calculated by assuming that the 
minimum value represented the 2.5% percentile.

Table 9-16. Parameter values describing the upward transport of groundwater into the root zone 
for cereals grown on a drained mire. All values are in m3 m–2 year–1.

Parameter Mean Stdev Minimum. Maximum. Distribution

Flux_water_satSoil_agri 0.04 0.012 0.02 0.07 Normal

9.9 Mineralisation
Organic matter is continuously produced within the ecosystem and is found as biomass and as 
organic matter in the soil. The mineralisation of organic matter is dependent on several factors, such 
as temperature, oxygen availability and quality of the organic material. Below, the mineralisation 
rates for different parts of the terrestrial ecosystem are described.

9.9.1 Mineralisation rate in different layers and ecosystems
In wetlands the mineralisation is constrained by the variation in oxygen availability temperature 
and accumulation of refractory organic matter and metabolic end products down the peat profile 
(Limpens et al. 2008). Wetlands exhibit anaerobic conditions throughout most of the peat profile and 
most of the decomposition occurs in the uppermost layer (the acrotelm) that is periodically enriched 
with oxygen (Malmer and Wallén 2004). In vascular-plant-dominated mires, this zone goes deeper 
due to their potential of transporting oxygen through aerenchyma down to the root zone creating a 
periodically and spatially variable oxic/anoxic zone (mesotelm). Decomposition in this zone there-
fore is temporally and spatially variable due to variation in oxygen availability. This zone is gener-
ally absent in bryophyte dominatedmires such as bog-like wetlands dominated by Sphagnum species. 
The water table fluctuation is the main determinant of the border between the acrotelm and the 
deeper peat. Below the acrotelm (and the mesotelm) there is the zone described as having permanent 
anoxic conditions (catotelm) characterised by a low decomposition rate (i.e. 50 to 100 times lower 
than the decomposition in the acrotelm).

Decomposition of above-ground recently shed litter is characterised by a relatively fast mineralisa-
tion rate, although there are differences in regard to quality of the litter. Generally, vascular plant 
litter has a higher relative mass loss than for example Sphagnum litter during the first few years 
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(Thormann et al. 2001). In the peat bog profile most of the decomposition occurs in the upper 10 cm 
and decrease fast with depth. For fens this depth gradient is less steep as the mesotelm provides peri-
odically oxic conditions increasing the decay potential. Wetland plant species generally have a large 
root biomass in comparison with the above-ground biomass (e.g. Backéus 1990), suggesting that the 
input of litter to the mesotelm is large.

The initial mass loss is described by the parameter f_refrac_ter and is here defined as the litter 
remaining after 10 years, which represents the years of relatively fast decay under predominately 
oxic conditions. Few experimental estimates are available for a ten year period in wetlands. An 
alternative way of estimating the decay is to use a modelling approach. A single-exponential linear 
regression model has been used to describe the decay process (e.g. Heal et al. 1978, Moore et al. 
2007). However, estimates from this type of model tend to underestimate the remaining mass in the 
later stages (Yu 2006). Nevertheless, Figure 9-5 shows the mass loss after 10 years based on a litter 
bag experiment in a temperate poor fen in North America over 4.5 years. Similar experiments show 
a broad span of decay constants, with the mass loss for underground parts spanning between 5 and 
77% (Thormann et al. 2001). Reader and Stewart (1972) related the NPP to the long-term accu-
mulation and showed that less than 10% of the NPP ended up as peat deep in the profile. Based on 
these patterns, the parameter value describes the initial mass loss of the litter in a fen, where it was 
assumed that 30% was left after initial decay and that this then entered the somewhat deeper semi-
oxic compartment. A span was assumed where the minimum was set to 5% and maximum to 50% 
(Table 9-18). This span is assumed to cover a range of different temperature conditions, including 
the temperature increase associated with the base climate case.

The parameter minRate_regoUp_ter represents the mineralisation in the acrotelm and mesotelm 
layer after the initial mass loss and is the mineralisation of more refractory organic material in a 
zone with more or less oxic conditions. Mäkilä and Goslar (2008) made detailed descriptions of the 
carbon accumulation rate in a large number of peat profiles in southern and central Finland. The 
general pattern was that the carbon loss became close to zero between the age of 300 and 500 years 
reflecting the zone where partly oxic conditions becomes permanently anoxic (i.e. mesotelm turns 
to catotelm). The sampled mire could be divided according to different geographical zones, coastal 
mires and ombrotrophic mires dominated by Sphagnum and Aapa mires with Carex sp. These figures 
were relatively similar, and the lowest decomposition rate was found in the region where the largest 
accumulation was found (Table 9-17). A similar value was found by Beer and Blodau (2007) in the 
upper zone of a peat bog in Canada based on measurements of decomposition products and model-
ling (0.003 year–1). Similarly, Clymo and Bryant (2008) used a figure of 0.0034 year–1 to describe 
mesotelm decay. Based on these figures and the basis of representing a fen in a coastal area of cen-
tral Sweden, the central value was set to 0.0029 year–1 approximated by the Carex-dominating aapa 
mires (Table 9-18).

Figure 9-5. Modelled mass loss for Sphagnum fallax, S. magellanicum and Carex rostrata using a single-
exponential linear regression model: i.e. ln y=a–kt where a is the intercept, t the time and k the decay 
constant taken from Moore et al. (2007).

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10

M
as

s 
(%

)

Year

S. magellanicum

S. fallax

Carex roots 20 cm

Carex leaves



SKB R-13-18 109

Table 9-17. Estimates of mass loss in the upper part of the peat column recalculated after Mäkilä 
and Goslar (2008).

Geographical region in Finland
Coastal mire Raised bog Aapa mire

10 year (gDW) 116 78 96
300 year (gDW) 40 20 16
Remaining mass 0.34 0.26 0.17
Decomp per year 0.0023 0.0026 0.0029

minRate_regoPG_ter represents the mineralisation in the post glacial (PG) gyttja clay deposited 
below the peat during the preceding marine and lake stages. Deeper peat is less susceptible to envi-
ronmental fluctuations and the decomposition rate is expected to be similar to deep-lying peat and 
fairly constant over time. It is therefore assumed that decomposition in the post-glacial gyttja clay 
layer is similar as the decomposition in deep catotelm. The representative value was taken from 
Clymo and Bryant (2008) representing catotelm peat dominated by Sphagnum and the range is 
assumed to be 20% around the mean for the minimum and maximum mineralisation rates. 

When the mire is drained with the purpose of growing crops the peat will be subjected to compac-
tion (see separate parameter for regolith, Section 5.4.3) and to increased mineralisation due to the 
oxidised conditions above the new groundwater level. Numerous studies have been performed on 
agricultural land with organic soil in order to estimate greenhouse-gas emission (e.g. review in 
Maljanen et al. 2010, Kasimir-Klemedtsson et al. 1997). Maljanen et al. (2010) concluded that the 
CO2 emissions from peatlands used for agriculture differ in magnitude resulting from differences in 
cultivation methods, crops and weather conditions. Moreover, factors such as draining depth and soil 
properties are factors that also influence the mineralisation rate (e.g. Berglund and Berglund 2011). 
A mean estimate from 19 studies of the CO2-C gas emissions gave an average of 0.64 kgC m–2year–1 
(Oleszczuk et al. (2008), only including data based on CO2 flux measurements). Assuming a ground-
water level below 1 m and a bulk density similar to a degraded organic soil in Forsmark suggested 
a mean mineralisation rate of 0.005 year–1. A closer examination of CO2 flux data from Maljanen 
et al. (2007), where data were available for carbon content, bulk density, water table depth and crops 
(barley, grass, ley and without vegetation), suggested a range between 0.005 and 0.009 year–1 for 
areas that had been drained between 40 to 100 years ago. Similarly, data from Berglund (2008) from 
two drained mires suggested that the rate of mineralisation in the early phase (26 and 41 years after 
drainage) was 0.004 and 0.007 year–1 for a drained bog and fen, respectively, after discarding the first 
6 to 14 years of initial compaction. Based on these figures, the best estimate is chosen from the fen 
in accordance with the assumption that the fen generally is regarded more suitable for agricultural 
purposes. A standard deviation was derived for the mineralisation rate of postglacial deposits by 
assuming that the minimum value was equal to the 5% percentile.

Generally, the variation in mineralisation may be large due to differences in temperature and pre-
cipitation on a year- to-year basis (e.g. Waddington and Roulet 2000). A long-term temperature or 
precipitation change will also affect the long-term mineralisation rate e.g. Lund et al. (2010) showed 
a positive correlation between ecosystem respiration and air temperature for mire ecosystems. The 
parameters f_refrac_ter and minRate_regoUp_ter would be sensitive to an increased temperature, 
whereas minRate_regoPG_ter is expected to be less sensitive to changes in the assumed future 
temperature, due to its fairly deep deposition under anoxic conditions. The parameter f_refrac_ter 
is here assumed to be constant meaning that the actual amount of organic material incorporated into 
rego_Up_ter is less under colder conditions and larger under warmer conditions due to the lower and 
higher NPP, respectively. It is also suggested that the large span describing the potential distribution 
of f_refrac_ter in the probabilistic calculations will include the effects of both colder and warmer 
conditions. The minRate_regoUp_ter is expected to be much less under a periglacial climate and was 
scaled down by the same value as the empirically derived NPP values (28% of the global warming 
values describing the central value, minimum and maximum).
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Table 9-18. The parameters and their estimated values that describe the mineralisation within the 
peat column. The unit can be expressed as kgC kgC–1 year–1 or as year–1.

Land-use type Parameter Unit Central 
value

Stdev Minimum Maximum Distribution

Mire f_refrac_ter kgC kgC 0.3 0.05 0.5 Uniform
Drained mire minRate kgC kgC year–1 0.007 0.004 0.009 Uniform
Garden plot minRate kgC kgC year–1 0.0029 0.0023 0.0034 Uniform
Infield outland minRate kgC kgC year–1 0.0029 0.0023 0.0034 Uniform
Mire minRate_regoUp_ter kgC kgC year–1 0.0029 0.0023 0.0034 Uniform
Mire minRate_regoPG_ter kgC kgC year–1 6.5E–5 8.0E–6 5.2E–5 7.8E–5 Normal

9.9.2 Mineralisation rate in the anoxic peat layer at equilibrium 
Peat accumulation in anoxic, water saturated, environments is primarily limited by oxygen deple-
tion (Limpens et al. 2008), and organic matter accumulation will reach a steady state when the 
depth of the anoxic peat layer is approaching the groundwater level. For wetlands that develop in 
lakes, this depth is assumed to be sufficiently well approximated by the average depth of the lake 
basin (i.e. organic matter accumulation in the model reflects filling the original lake basin with 
peat). Thus, for modelling purposes, the mineralisation rate in the anoxic peat layer is set to the 
rate that will balance the input of organic matter at a peat depth corresponding to the groundwater 
level. In mathematical terms this mineralisation rate (kgC kgC–1 year–1) can be expressed as the 
area-specific carbon burial rate (kgC m–2 year–1) divided by the area specific mass of a peat layer 
at equilibrium depth (kgC m–2).

minRateregoPeat=
BurialC

zregoPeat_equlib × dens × regoPeat_terfC_peat

where 

BurialC  is the yearly input of soil organic carbon to the anoxic peat layer from  
 the partly oxygenated peat layer (kgC m–2 year–1),

zregoPeat_equlib  is equilibrium depth of the anoxic peat layer at the end stage of 
 terrestrialisation (m), 

fC_ peat  is the fraction of carbon in peat (kgC kgdw–1), and

densregoUp_ter  is the density of the upper terrestrial layer (kgdw m–3).

From mass balance it follows that the area-specific rate of carbon burial (BurialC, kgC year–1 m–2) 
equals the input of refractory carbon from litter less the loss of carbon from mineralisation in the 
uppermost peat layer. Mathematically, this can be expressed (Saetre et al. 2013a):

BurialC = NPP ter × frefrac_ter – SOCregoUp_ter × minRateregoUp_ter/areaobj_ter

where

NPPter  is the net primary productivity per unit area (kgC m–2 year–1),

areaobj_ter  is the area of the terrestrial ecosystem (m2),

frefrac_ter  is the refractory material left after mineralisation (kgC kgC–1), 

SOCregoUp_ter is the amount of soil organic carbon in the upper peat layer (kgC), and

minRateregoUp_ter is the mineralisation rate of refractory organic carbon in oxic  
 environment (kgC kgC–1 year–1).
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At the end stage also the upper peat layer will be in equilibrium, and the area-specific amount of soil 
carbon of this compartment will simply be the depth of the layer multiplied by the density of peat 
and its carbon fraction.

SOCregoUp_ter/areaobj_ter = zregoUp × densregoUp_ter  × fc_peat

Thus the mineralisation rate in the peat layer 

minRateregoPeat=
NPPter × frefrac_ter – zregoUp × dens regoUp_ter × fC_peat × minRateregoUp_ter

zregoPeat_equlib × dens regoPeat_ter × fC_peat

The mineralisation rate is expected to be lower in the anoxic compared with the oxic layer (the 
parameter minRate_regoUp_ter = 0.0029), but is higher for two objects (Table 9-19). This is 
explained by the fact that the average peat layer thicknesses of these objects are rather thin and this 
layer will be dominated by oxidised conditions.

For the calculation case alternative object delineation, the mineralisation rate is altered. This is 
described in Section 12.3. 

Table 9-19. The mineralisation rate in the anoxic peat layer at equilibrium, which is reached in the 
specified year.

Biosphere object Year (AD) minRateregoPeat  

(kgC–1 year–1)

116 9900 0.0011
160 8800 0.0008
121_1 6300 0.0016
121_2 4000 0.0053
157_1 5700 0.0009
157_2 4500 0.0064
159 7600 0.0008

9.10 Dust concentration 
This parameter (conc_Dust) describes the dust concentration in the air above mires and drained 
mires. No site-specific data on dust concentrations are available from the Forsmark area. The esti-
mate for the pristine mire is instead built upon measurements made during 7 years at two costal loca-
tions (IVL 2009). The largest part of the dust is represented by small particles (< 10µm) and larger 
particles (soot). The larger particles are of minor importance for the total dust concentration. It was 
not possible to get longer time series of both fractions from the same site and two relatively closely 
situated sites at the southeast coast of Sweden were therefore used to make aggregated estimates 
(Aspvreten and Hoburgen). As a central value, a value recommended for use in assessments of 
doses to the public (UNSCEAR 2000) was used (0.05 mg m–3). The value is of the same order of 
magnitude as dust concentrations recommended for outdoor environments in risk assessments for 
contaminated ground by the Swedish Environmental Protection Agency (Liljelind and Barregård 
2008, Naturvårdsverket 2009) and is approximately three times higher than the estimates from the 
two coastal locations. It is therefore considered as a cautious estimate.

In the probabilistic calculations for a drained mire, a maximum value 10% higher than the best 
estimate was used, whereas half of the best estimate is used as a minimum value. For the cases of 
garden plot and infield-outland, the same values were used as for the drained mire. In the probabilis-
tic calculations a uniform distribution was used for all four sets of values.
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Table 9-20. The parameter values describing the dust concentration for different environments 
(kgdw m–3).

Land-use type Parameter Central value Minimum Maximum Distribution

Drained mire conc_Dust 5.00E–08 2.50E–08 5.50E–08 Uniform
Garden plot conc_Dust 5.00E–08 2.50E–08 5.50E–08 Uniform
Infield outland conc_Dust 5.00E–08 2.50E–08 5.50E–08 Uniform
Mire conc_Dust_ter 1.4E–08 1.2E–08 5.0 E–08 Uniform

9.11 Crop yields
These parameters represent the total yield at harvest of four different representative crops that have 
been grown and still are grown in the region today. The production estimates represents an industrial 
community at the beginning of the 20th century (Saetre et al. 2013b). The representative for a culti-
vated cereal is barley, which is the most productive of the most commonly grown cereals in regard 
to absolute yield during the 19th century and today (Jordbruksverket 2012). Barley is also the cereal 
species that is most appropriate to cultivate on organic soil (Berglund 2008). Moreover, barley is 
today the most commonly grown cereal in the Forsmark area. Harvest of hay for storage is neces-
sary to sustain livestock during winter conditions. Hay has historically been harvested from several 
different ecosystems, such as sea and lake shores, mires and from agricultural land (Löfgren 2010). 
Potatoes are a highly productive commonly grown crop, which represents a crop with edible roots. 
Also cabbage is commonly grown and has been chosen to represent a highly productive vegetable 
that is also suitable for consideration in a case in which the effects of irrigation are investigated.

The statistics in Table 9-21 have been derived from agricultural statistics available from the Swedish 
Board of Agriculture (Jordbruksverket 2012). For barley, hay and potatoes, the mean values only 
represents the national mean estimated yield between 1913 and 1917, because of the increasing 
yields during the rest of the century (Figure 9-6). The standard deviation, minimum and maximum 
are based on the period 1913 to 1962. Uppsala County generally has a lower yield than the national 
average for potatoes and barley, but has a slightly higher hay production per unit area. Moreover, 
there is a gradient with lower yields when approaching the coast and the Forsmark yield area, which 
reflects different soils and climate (Löfgren 2010, Table 4-11). By using the maximum value for 
Sweden (which reflects the yield in the southernmost Sweden) a reasonable estimate for global 
warming conditions has been included. 

Statistics representing the garden plot describe the potential production of today and for vegeta-
bles the statistics are based on national figures for the period 1971 to 2008 (Figure 9-7). Statistics 
describing potato production are based on the period 1963 to 2007. The same source was used as for 
the agricultural statistics above.

The carbon content was calculated using data from the National Food Agency´s database (Livs-
medelsverket 2001) for cereals and potatoes, 0.35 kgC kgdw–1 and 0.08 kgC kgdw–1 respectively. For 
fodder, the carbon content was assumed to be 0.46 kgC kgdw–1 (Löfgren 2010).

Table 9-21. Parameter values describing the yield for four crops with different properties  
representing an industrial agricultural society at the beginning of the 20th century.

Land-use type Parameter Unit Central value Stdev Minimum Maximum Distribution

Drained mire biom_cereal kgC m–2 0.06 0.011 0.048 0.097 Normal 
Drained mire biom_fodder kgC m–2 0.160 0.029 0.081 0.216 Normal 
Drained mire biom_tuber kgC m–2 0.096 0.015 0.056 0.136 Normal 
Infield outland biom_cereal kgC m–2 0.05 0.010 0.03 0.07 Normal
Garden plot biom_tuber kgC m–2 0.219 0.036 0.137 0.295 Normal
Garden plot biom_veg kgC m–2 1.03 0.12 0.84 1.22 Normal
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The production of cereals on arable land during the time of an infield-outland farming system is 
based on a food and energy budget for 6 adult individuals (Widgren 1979). Then the production 
on 1 ha of arable land was estimated to 500 kgC ha–1. The standard deviation was deduced from 
the coefficient of variation for barley in an industrial agricultural system. Minimum and maximum 
values were estimated by applying a factor of ±40%, which was the mean range for production esti-
mates of barley, hay and potatoes in an industrial agricultural system.

This parameter describes the above-ground biomass at harvest for cabbage. It is used for estimating 
the retention of radionuclides in the case where effects of irrigation are investigated on the garden 
plot. The values are based on national statistics between 1971 and 2008 available from the Swedish 
Board of Agriculture (Jordbruksverket 2012). A normal distribution was assumed. (Mean = 1.03, 
Stdev = 0.12, minimum = 0.84, maximum = 1.22 kgC m–2 year–1).

In the modelling of the atmospheric concentrations of volatile radionuclides it is necessary to take 
into account uptake by the vegetation. In the case of carbon-14, the carbon net assimilation is esti-
mated for the different crops by applying biomass conversion factors on the yield estimates presented 
in Table 9-22. To the cereal estimate a generic value of threshing loss (5%) and straw yield (40%) 
was added to the above-ground production. The below-ground production was assumed to be 33% 

Figure 9-6. National average of barley yield between 1913 and 2007 in Sweden (Jordbruksverket 2012, see text).

Figure 9-7. National average of cabbage yield between 1971 and 2008 in Sweden (Jordbruksverket 2012, see text).
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of the above-ground production for cereals and fodder. The above-ground production for tuber was 
assumed to be 154% of the below-ground production (Bray 1963). A standard deviation was derived 
for the NPP of cereal representing a preindustrial community by assuming the same coefficient of 
variation as for the industrial agricultural community NPP.

In northern Europe, crop yield is limited by low temperature and in southern Europe by high tem-
perature and low rainfall. Somewhere in between these geographical locations, the maximum crop 
yields are expected. The extended global warming climate implies a maximum annual mean tem-
perature of above 10 degrees, which is similar to the annual mean temperatures of southern Europe. 
We assume that a maximum yield approximated by central European yields is reached somewhere 
during an extended global warming climate. A comparison of grain yields between Sweden and 
central Europe suggests a potential increase of 70% (e.g. Olesen et al. 2011). Accordingly, this factor 
was applied to the yield estimates of all agricultural products for the extended global warming calcu-
lation case.

Table 9-22. Parameter values describing the total NPP for four crops with different properties 
representing an industrial agricultural society at the beginning of the 20th century.

Land-use type Parameter Unit Central value Stdev Min Max Distribution

Drained mire NPP_cereal kgC m–2 year–1 0.117 0.022 0.094 0.19 Normal 
Drained mire NPP_fodder kgC m–2 year–1 0.213 0.039 0.108 0.287 Normal 
Drained mire NPP_tuber kgC m–2 year–1 0.158 0.025 0.092 0.224 Normal 
Garden plot NPP_tuber kgC m–2 year–1 0.361 0.059 0.226 0.487 Normal
Garden plot NPP_veg kgC m–2 year–1 1.37 0.16 1.117 1.623 Normal 
Infield-outland NPP_cereal kgC m–2 year–1 0.1 0.02 0.06 0.14 Normal.

9.12 Production of berries, mushroom and game
As berries, mushrooms and game are assumed to be consumed by humans (Saetre et al. 2013b), the 
production of these food sources is described in this section. 

9.12.1 Production of berries 
The parameter production of berries (prod_edib_berry) is an estimate of the berry yield on mires 
around Forsmark. Cranberry and cloudberry represents the most productive edible berries on the 
mires, but also bilberry and lingonberry have been included because of their occurrence in wetland 
forests. Cranberry and cloudberry production estimates were taken from Kardell and Carlsson (1982), 
whereas bilberry and lingonberry estimates were taken from investigated wetlands, as described in 
Kardell (1993). These estimates represent the area south of the Norrland border and the estimate 
on the mire is close to, but somewhat lower than, the average production per unit area in the forest 
(Löfgren 2010. Landscape type Peatland. Table 4-56). Minimum, maximum and standard deviation 
were based on figures for cranberry and cloudberry (Kardell and Carlsson 1982), but also a maximum 
estimate for cranberry from Ruuhijarvi (1974) was included. Moreover, the collected amount is gener-
ally around 5% of the actual yield (modern estimate, Kardell 1980), see Table 9-23.

For the periglacial climate calculation case an estimate was found from a “foothill tundra” locality 
in northern Canada (Murray et al. 2005). Here, cranberry dominated together with crowberry, but 
cloudberry and some bilberry were also present. They estimated both an “actual” and a maximum 
yield (1.2E–04 and 2.3E–04 kgC m–2 year–1). This estimate was close to the estimate for boreal con-
ditions (see above) and the boreal estimate can therefore also be used to represent the periglacial 
case. 

For the extended global warming climate calculation case, the total berry yield would be expected to 
be lower from a south-central European perspective, but it is difficult to estimate. The higher value 
from the main climate case is therefore used.
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9.12.2 Production of game
This parameter (prod_edib_game) represents the production of wild game that is hunted in the area 
or the region. The production estimates are based on the population sizes and their energy budgets 
in terms of consumption, respiration and digestion. The production was assumed to represent the 
long-term potential harvest that would keep the game populations near the sizes that are found 
today. No distinction was made between wetland and forest during the inventories of wild game 
and the production estimates have not been proportioned according to consumption from forest 
and wetland ecosystems. In the forest, roe deer and moose represent over 90% of the production of 
hunted game. Roe deer and moose population figures were adjusted, as the densities were estimated 
after the hunting season, by increasing the density figures by a value corresponding to the loss from 
hunting in the area based on local hunting statistics. The production values represent the parts of 
the animal that is normally eaten. A minimum and a maximum value were calculated for the pro-
duction of game meat based on hunting statistics describing the number of moose felled in Uppsala 
County (see Löfgren 2010, Section 13.3.5 for details). The estimate is assumed to be the same for 
both colder and warmer climate conditions. (Mean = 7.8E–06, minimum = 5.3E–06, maximum = 
9.1E–06 kgC m–2 year–1).

9.12.3 Production of mushrooms
This estimate describes the yield of edible mushrooms in wetlands (prod_edib_mush). Few stud-
ies have estimated the production of fungi in wetlands, but Salo (1979) investigated fungi yield on 
drained and fertilized bog ecosystems in Finland and reported a maximum value on a drained and 
fertilized mire of 0.11 gCm–2year–1. The edible fraction was, however not presented. Kardell (1994) 
investigated the production of edible fungi in nine Swedish swamp forests during 4 to 5 years. He 
found the highest figures in southernmost Sweden and the lowest figures in the northernmost locali-
ties. The yield is generally expected to be lower in large treeless peatlands with deep peat and most 
species that are edible are found on more minerogenic wetlands with trees, such as Norwegian 
spruce swamp forests or around streams and mire edges. However, it is assumed here that the edible 
fungi yield presented by Kardell (1994) also is representative for treeless peatlands with deeper peat. 
Furthermore, it is assumed that all the production is utilised, when normally a part of the edible pro-
duction is removed before eating (Kardell 1994). The carbon content was assumed to be 1.5% of the 
fresh weight (Löfgren 2010). (Mean = 3.0E–05, stdev = 2.0E–05, minimum = 1.0E–05 maximum 
= 7.0 E–05 kgC m–2 year–1). 

For the periglacial climate calculation case no estimates of edible fungi yields in tundra environ-
ments have been found. The temperate estimate is therefore used. This is probably an overestimate 
because the yield in Sweden becomes lower in the northern part than in the southern part of the 
country (Kardell 1994, Kardell and Eriksson 1987), which suggests a declining fungal yield with 
increasing latitude in boreal areas. 

For the extended global warming climate case no south-central European estimates of fungi yield 
have been found, but it is expected to be lower than in the northern part of Europe. The temperate 
estimate is used.

Table 9-23. Production of edible berries, game and mushrooms (kgC m–2 year–1).

Parameter Central value Stdev Minimum Maximum Distribution

Production berries  
(prod_edib_berry)

1.10E–04 2.00E–05 7.00E–05 1.20E–03 Normal

Production of game  
(prod_edib_game)

7.8E–06 5.3E–06 9.1E–06 Uniform

Production of mushrooms  
(prod_edib_mush)

3.00E–05 2.00E–05 1.00E–05 7.00E–05 Normal
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9.13 Characteristics of cattle and herbivores in general
To calculate dose contributions from domestic animals, in this case cattle, characteristics such as 
ingestion rates, concentrations of carbon and the density of milk are needed. 

9.13.1 Ingestion of carbon by cattle
This parameter (ingRate_C_cattle) describes the fodder consumption, in terms of carbon intake per 
unit time, of cattle in a self-sustainable farm in the beginning of the 20th century. Today there is a 
large difference between meat-producing and milk-producing cattle (Nordén et al. 2010, approxi-
mately a factor 2). Analogous to the case of water consumption (below), values for the fodder con-
sumption of beef cattle of today (Nordén et al. 2010) were used to represent the fodder consumption 
of cattle producing both milk and meat at a small self-sustainable farm at the beginning of the 20th 
century. (Mean = 4, minimum = 3, maximum = 5 kgC day–1, uniform distribution.)

9.13.2 Ingestion of soil by cattle
Soil adheres to vegetation consumed by cattle (ingRate_soil_cattle) and the amount of soil uncon-
sciously consumed was calculated by Davis et al. (1993) and the value was extracted from that study 
in Karlsson et al. (2001) and Nordén et al. (2010). A relatively wide parameter range was set because 
of the difficulties in verifying such data. (Mean = 0.3. minimum = 0.15. maximum = 0.5. kgdw day–1. 
uniform distribution.) 

9.13.3 Ingestion of water by cattle
This parameter (ingRate_water_cattle) describes the water consumption of cattle in a self-sustainable 
farm in the beginning of the 20th century. No data have been found describing the approximate 
water consumption at that time. Today there is a large difference between meat-producing and milk-
producing cattle (Nordén et al. 2010, approximately a factor 2). At that time this differentiated man-
agement, where milk production was optimised by a narrower window for production of milk from 
each animal, was not practiced and will probably not be rational for a small self-sustainable farm. An 
estimate of the water consumption in the beginning of the 20th century based on a scaling using the 
milk and meat production of today and then, resulted in a too low a water consumption. Therefore, 
values for the water consumption of beef cattle of today (Nordén et al. 2010) were used to represent 
the water consumption of cattle producing both milk and meat at a small self-sustainable farm at the 
beginning of the 20th century (mean = 0.04, minimum = 0.02, maximum = 0.06, m3 day–1, uniform 
distribution).

9.13.4 Density of milk
The value describing the density of milk (dens_milk) was obtained from the Swedish National Food 
Administration (Nordén et al. 2010). The milk density varies somewhat between milk with different 
fat contents, but the difference is very small (1.03–1.04 kg L–1). A 5% variation is assumed to cover 
the minimum and maximum interval and a normal distribution is assumed. (Central value = 1.03, 
minimum = 0.98, maximum = 1.08, kgfw L–1.)

9.13.5 Concentration of carbon in milk
The carbon content of milk (conc_C_milk) was used to calculate the concentration of radionuclides 
in milk from domestic cattle. In the absence of site-specific data on the carbon content of milk 
(conc_C_milk), the value for this parameter was taken from Avila and Bergström (2006) (see also 
Nordén et al. 2010, Section 6.3.1). The parameter value was calculated using an equation relating the 
protein, carbohydrate and fat contents with the C content in food (Altman and Ditmer 1964, Dyson 
1978, Rouwenhorst et al. 1991). The values of the carbon content of proteins, carbohydrates and 
lipids in milk used in the calculations were taken from the database of the National Food Agency 
(Livs medels verket 2001). A 5% variation is assumed to cover the minimum and maximum interval 
and a normal distribution is assumed. The standard deviation was assigned by assuming that the min-
imum value represented the 5% confidence value. (Mean = 0.064, stdev = 0.001, minimum = 0.061, 
maximum = 0.067, kgC kgfw–1.) 
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9.13.6 Concentration of carbon in meat
This parameter describes (conc_C_meat) the carbon concentration in animals that is of potential rel-
evance to human consumption. Estimates from Forsmark and Laxemar-Simpevarp suggest a carbon 
content of 12% based on the fresh weight of muscle tissue from moose, roe deer, red fox and rodents 
(Tröjbom and Nordén 2010, Hannu and Karlsson 2006, Engdahl et al. 2006). A minimum value was 
set at 9% describing the carbon content from a roe deer in Forsmark (Hannu and Karlsson 2006). 
Additionally, different meat products were examined in the National Food Agency´s database (Livs-
medel sverket 2001), where the carbon content was calculated based on protein, carbohydrate and fat 
contents (Altman and Ditmer 1964, Dyson 1978, Rouwenhorst et al. 1991). This approach suggested 
a similar mean and an upper limit of 20% (Livsmedelsverket 2001). A normal distribution was 
assumed (mean = 0.12, stdev = 0.02, minimum = 0.09, maximum = 0.20, kgC kgfw–1).

9.13.7 Herbivore diet
When estimating uptake of radionuclides in terrestrial herbivores in the mire ecosystem the param-
eter “fraction of mushrooms in the diet of terrestrial herbivores” (f_mush_herbiv) is used. The 
parameter is dimensionless. The value is based on dietary data and abundance data as biomass per 
square metre (Avila 1998, Avila and Moberg 1999). A value was calculated for both moose and roe 
deer, which are the two dominating species in the region. The mean value was assumed to be the 
value weighted for the relative abundance of the two species. The value describing the fraction of 
mushrooms in the diet of moose, which is the less abundant species, was used as the minimum value. 
The estimate for roe deer was assigned as the maximum fraction in the diet. The sensitivity of this 
parameter value to climate change would be dependent on how fungi production correlates with 
temperature, which seems to be slightly negative with increasing temperature (within Sweden, see 
prod_edib_mush below), it is therefore assumed to be within the suggested range. The parameter 
was given a uniform distribution, (mean = 0.06, minimum = 0.01, maximum = 0.14, kgC kgC–1).

9.13.8 Fraction of radionuclides remaining in manure after fodder has passed 
the digestive system of cattle 

This parameter (f_loss_orgFert) was used to describe the fraction of radionuclides remaining in 
manure after fodder has passed through the digestive system of cattle. Manure has historically 
been an important source for soil improvement of infields. No loss is assumed as the best estimate, 
meaning that this fraction includes radionuclides that are re-excreted following uptake from the 
gastrointestinal tract. A minimum value of 0.8 is assumed to be possible. (Mean = 1, minimum = 0.8, 
maximum = 1, Bq Bq–1, uniform distribution.)

9.14 Parameters specific to garden-plot calculations
There are several possible exposure pathways that are likely to affect a small group of future per-
manent residents, who are not necessarily self-sustained with respect to food production. These 
exposure pathways include irrigation, soil improvement with ash from burning peat and wood, and 
fertilisation with seaweeds. Large-scale irrigation is considered unlikely in relation to the location 
of the biosphere objects (drained mires) and the present and future climate, but scoping calculations 
have been done in order to evaluate the outcome of irrigation on small-scale production of potatoes 
and vegetables under temperate conditions (see SKB 2014a, Chapter 4). Moreover, further cases 
have been identified where fertilisation of a garden plot using marine macrophytes and ash from 
burning wood or peat are investigated (SKB 2014a). Below parameters are presented that have been 
used in the simulation of irrigation, fertilisation with algae, and fertilisation with wood and peat ash.

9.14.1 Area of garden plot
The area of the garden plot (area) that is used to support one individual´s need for vegetables and 
tubers is based on modern estimates of food intake (represents 3% and 5% of the total food intake, 
respectively; Saetre et al. 2013b) and modern national production estimates of vegetables and tubers 
(1.03 and 0.22 kgC m–2 year–1, Jordbruksverket 2012)). The total need of food is assumed to be 



118 SKB R-13-18

110 kgC year–1 (see Section 10.4) correspondingly, the relative fraction of the area used for produc-
tion of each crop was calculated based on their production to sustain one individual with vegetables 
and potatoes. These values are assumed to be constant over time.

Table 9-24. The size of the garden plot and the relative fractions of occupied area for the two 
crops in the garden plot.

Parameter Unit Central value

area m2 ind–1 28
f_area_veg m2 m–2 0.1
f_area_tuber m2 m–2 0.9

9.14.2 Amount of water used for irrigation
This parameter describes the total amount of water per unit area (amount_irrig) that is used to irri-
gate the garden plot. The crop use in this case is dominated by potatoes and therefore the amount of 
water needed is taken from calculations based on the water need for potatoes presented in Johansson 
and Klingspor (1977). They calculated the daily balance between precipitation and evapotranspira-
tion during the vegetation period for a number of different regional areas in Sweden during a normal 
year (1976) and a dry year (detailed description of methods in Johansson (1973)). The deficit could 
either be supplied from capillary rise or by irrigation. Their results suggested that potatoes and 
fodder generally need more water than e.g. barley. The minimum value represented a normal year in 
northern Sweden, while the maximum value represented a dry year in southern Sweden. This range 
would include an increase in temperature and drier conditions that could be compared with condi-
tions in the south of Sweden (> +4°C difference). A standard deviation was derived by assuming that 
the minimum value represented the 5% percentile. (Mean = 0.09, stdev = 0.015, minimum = 0.065, 
maximum = 0.125 m3 m–2.)

9.14.3 Leaf storage capacity
In earlier safety assessments by SKB (SR 97 (SKB 1999), SAFE (Lindgren et al. 2001, Kautsky 
2001)) interception of radionuclides from irrigation water was described by a lumped parameter 
that was independent of element-specific behaviour. Bergström and Barkefors (2004) identified a 
need to split this factor into three parameters, one of which (coefRetent, see Section 9.3 in Nordén 
et al. 2010) is element-specific (described below as the wash-off coefficient). The other parameters 
used to simulate retention of radionuclides on crops after irrigation are the leaf area index (LAI, see 
Section 9.5) and the leaf storage capacity (LeafStoreCapacy_tuber, LeafStoreCapacy_veg). The 
leaf storage capacity describes the thickness of the water layer from which the radionuclide has been 
removed by sorption and other processes to the leaf surface and is expressed in m3 m–2. The values 
used in SR-PSU and SR-Site were taken from Bergström and Barkefors (2004) who recommended 
using a value of 0.3 mm per LAI based on Pröhl (1990). The minimum and maximum values are 
also given in Bergström and Barkefors (2004) but without references. The same data were used for 
vegetables (LeafStoreCapacy_veg) and tubers (LeafStoreCapacy_tuber). A uniform distribution was 
assumed, (central value value = 3.0E–04, minimum = 2.0E–04, maximum = 4.0E–04 m3 m–2).

9.14.4 Wash off coefficient
This coefficient (washOffCoef) describes the decrease in activity on vegetation with time after an 
irrigation event and is the result of rain, wind and growth. This decrease in activity is described by 
a first-order rate constant,

𝜆𝜆𝑤𝑤 =
ln(2)
𝑇𝑇𝑤𝑤

 

where Tw is the half-life for a certain element and plant type (IAEA 2010). The half-life is depend-
ent on a number of different factors, but has been shown to be reasonably similar among elements. 
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Therefore one value is used to represent all elements. The value is chosen to represent cereals, grass 
and rice from eight studies and is based on a compilation by IAEA (2010). A normal (truncated) dis-
tribution was assigned, central value = 15.3, stdev = 6.6, minimum = 7.2, maximum = 25.3 year–1).

9.14.5 Number of irrigation occasions
Irrigation mainly occurs during the latter part of the growing season and may be performed at a 
number of occasions (N_irrig). Potatoes represent the main crop in the irrigation case and the values 
are from Bergström and Barkefors (2004). (Mean = 4, minimum = 3, maximum = 5, number year–1.)

9.14.6 Length of growing season
The length of the growing season is here defined as the number of days with > +5°C (time_vegPe-
riod). Forsmark is located in a region having between 180 to 210 days (SLU 2014). This range was 
used to estimate the mean length of the vegetation period (195 days). The minimum value was taken 
from the northern Sweden (120–150 days) and the maximum was from the very south of Sweden 
(240 days). Estimates of temperature from a local meteorological station at Forsmark between 2004 
and 2006 resulted in a mean of 204 days, which was similar to the mean of central Sweden. (Mean 
= 0.53, minimum = 0.37, maximum = 0.66, year year–1.)

9.14.7 Demand for algae as fertilizer 
In the archipelago and in other coastal regions, it was earlier common to use wind-driven macro-
phytes as a fertiliser on smaller areas of arable land (SKB 2014a, Chapter 2). This parameter 
(demand_algFertil) describes the potential load of fertilisers per square metre of garden plot per 
year. The figure is based on cultivation experiments from the south of Sweden, where 40 tons of 
algae (wet weight) ha–1 was used (Ohlsson 1991). This amount was recalculated to dry weight 
based on the nitrogen content in the algae (192 kg ha–1) that constitutes approximately 3% of the 
dry weight. The calculation to carbon content is based on estimates from algae in marine basins 
from Forsmark (34% carbon, Hannu and Karlsson 2006). This parameter was regarded as a con-
stant (central value = 0.22 kgC m–2 year–1).

9.14.8 Wood as fuel for a household
This parameter (area_support_wood) describes the necessary area that is needed to supply a house-
hold (5 persons) with wood for heating the house assuming an energy consumption of 20,000 kWh 
per household (the average energy used for heating in one- and two dwelling buildings, exclud-
ing household electricity, in Sweden 2012 was 16,800 kWh, (Statens energimyndighet 2013). It is 
assumed that the wood extraction is sustainable in the long-term, meaning that the amount extracted 
equals the net primary production of the forest. It is also assumed that the forest that is used for 
wood extraction is found on a wetland, which is a potential discharge area for deep groundwater. 
As an example, the production estimates for wood and branches were taken from a wetland forest in 
Forsmark (108±30 gC m–2 year–1 (mean and stdev), denoted as SS1 in Löfgren 2010). However, this 
forest is not situated on a deep peat layer and the production would be expected to be lower under 
such conditions. The wood is suggested to be dominated by Norway spruce with a high density 
(equals a high energy content) and a water content of 29.4%, which suggest an energy content of 
3.56 kWh kg–1 wood (Liss 2005). The amount of wood that is required to provide a household with 
energy is calculated based on the energy consumption (above). The standard deviation for the area 
was calculated by assuming that the 95% confidence interval for the NPP represented minimum and 
maximum NPP values. These were used to calculate the minimum and maximum area of forest nec-
essary to use to provide enough wood for a household and thus for each individual in the household 
by dividing by five. The minimum and maximum were then used to calculate a standard deviation 
by assuming they represented the 2.5% and 97.5% percentiles of the necessary area. The parameter 
f_C_wood describes the carbon content in the stem wood and is based on estimates from Norway 
spruce (Löfgren 2010, Table 6-5).
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Table 9-25. Parameters used for the calculations of dose from wood used as fuel in a house-hold.

Parameter Unit Central value Stdev Minimum Maximum Distribution

area_support_wood m2 ind–1 3,520 630 2,290 7,640 Normal
fuel_cons_wood kgdw year–1 3,970 Constant
f_C_wood kgC kgdw–1 0.48 Constant

9.14.9 Peat as fuel for a household
Peat has been used for heating houses (Liljegren 2010). The mass of peat needed to heat a household 
over a 50-year period (an approximate life-time), corresponding to a yearly need of 20,000 kWh 
year–1 (the average energy used for heating in one- and two dwelling buildings, excluding household 
electricity, in Sweden 2012 was 16,800 kWh, Statens energimyndighet, 2013) is described by the 
parameter demand_peat. The energy content is 5.8 kWh kgdw–1

 (Statens energiverk 1985). This is 
expressed on the individual basis where a household is assumed to include 5 individuals. The amount 
of peat that is needed to produce 20,000 kWh year–1 is described by the parameter fuel_cons_peat. 
Both these parameters are assumed to be constant. The fraction of carbon in peat is described earlier 
in this chapter (f_C_peat) see Section 9.4.3.

Table 9-26. Two parameters describing the area of the mire of peat needed for generating heat

Parameter Unit Value Comment

demand_peat kgdw ind–1 34,000 Constant
fuel_cons_peat kgdw year–1 3,450 Constant
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10 Human characteristics

In order to assess the potential exposure to a representative person of the most exposed group, 
assumptions on the habits and characteristics of future humans inhabiting the area are needed. 
Due to the long time-scales, SKB deem it impossible to assign characteristics and habits that are 
likely to provide realistic estimates of the actual features and behaviour of humans in the far future. 
Instead, SKB has performed an exposure-pathway analysis to identify relevant pathways of expo-
sure. Following international recommendations (ICRP 2006, IAEA 2003), most exposed groups 
were constructed based on the pathway analysis. Each groups reflects a combination of expo-
sure pathways resulting from reasonable and sustainable land use and habits, with respect to the 
Forsmark area and human physiological requirements. SKB argues that these groups are credible 
bounding cases for future exposure (SKB 2014a).

The four exposed goups/land use variants used in SR-PSU are: hunter and gatherers, infield-outland 
agriculture, modern agriculture, and small-scale horticulture. The hunter-gather community forage 
multiple forest, mire, lake and sea ecosystems in the landscape. In the infield-outland farming 
system, hay from one biosphere object is used to feed animals and fertilize infield arable land. An 
industrial-age agricultural system was used to assess maximum exposure from draining and culti-
vating the lake/mire system in a biosphere object. Finally, a garden plot was used to calculate the 
combined exposure from irrigation, combustion and fertilization at the household scale. In this sec-
tion, parameters used to represent human characteristics (common to all exposed groups) and habits 
(specific to land-use variants) are presented.

10.1 Experience from previous safety assessment
The International Commission on Radiological Protection (ICRP) has published basic anatomi-
cal and physiological data that serve as a common reference in assessments of radiological pro-
tection (ICRP 1975, 2002). These data serve as the starting point when SKB selects parameter 
values describing intake of energy and water, and the rate of inhalation. The ICRP data is scaled 
to units relevant for the biosphere assessment and contrasted against other sources of relevant data 
(Table 10-1). From such a comparison the consumption rates of water was updated in SR-PSU 
(Section 10.3).

There is presently no consensus or recommendations on what human habits should be used in pro-
spective safety assessments. Instead the guidelines of the ICRP states that the habits of the most 
exposed individuals need to reflect all relevant pathways of exposure, and should be subject to rea-
sonableness and sustainability with respect to the location or situation under consideration (ICPR 
2006). The relative importance of exposure pathways may vary between the properties of radionu-
clides, and between the time and location of a release in a developing landscape. Thus several plau-
sible sets of habits with different vulnerability to relevant exposure pathways were considered in the 
SR-PSU safety assessment (SKB 2014a). 

Similar to the previous SKB safety assessment SR-Site, the habits of the most exposed group was set 
to meet the physical and biological constraints of the biosphere objects, and the physiological and 
nutritional needs of the inhabitants. That is, if the demand of energy of the most exposed group was 
not met by the productivity of land affected by radionuclides from the repository, then individuals 
were assumed to consume food from unaffected areas. In addition, intake of fish was constrained by 
the upper safe intake of proteins in SR-PSU (Section 10.11). 

To make sure the land use associated with the most exposed group was sustainable and reasonable, 
historical records were used to support constructs representing the self-sustained communities, 
hunter-gatherers, infield-outland farmers and drained mire farmers (Saetre et al. 2013b). Present 
day productivity rates (conditioned on the input of commercial fertilisers) were only used to char-
acterise cultivation of a garden plot supporting a local household with potatoes and vegetables. 
Consequently, most parameters associated with use of arable land were updated in SR-PSU.
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Table 10-1. Anatomical and physiological reference properties of adults for use in previous SKB 
safety assessments. 

 Reference Value  
Property Male Female Reference 

Height (cm) 176 163 ICRP (2002)
Mass (kg) 73 60 ICRP (2002)
Body surface (m2) 1.9 1.66 ICRP (2002)
Energy demand (kgC year–1)a 110 76 Avila and Bergström (2006)
 Protein intake (kgdw day–1) 0.095 0.066 ICRP (1993)
Carbohydrate intake (kgdw day–1) 0.39 0.27 ICRP (1993)
Fat intake (kgdw day–1) 0.12 0.085 ICRP (1993)
Intake of waterb (m3 year–1) 0.6* 0.44 Avila and Bergström (2006)
Inhalation rate (m3 day–1) 22.9 18.5 ICRP (2002)

a = Derived from listed dietary intake of protein, carbohydrates and fat. 
b = Calculated from reference values in ICRP 23, excluding water in food and milk. 
* = Updated to 0.74 m3 day–1 in this report (see below).

10.2 Influence of climate on parameter values
The characteristics of the reference man, and parameter’s derived from him, are deemed to be ade-
quate also for periglacial conditions and a warmer climate than today. This is because, the response 
of energy expenditure and respiratory rate to temperature change is expected to be limited (~ 5% to a 
10°C change) and shielding by e.g. clothes dampens temperature variations (ICPR 1975). Moreover, 
the water consumption rate for temperate conditions is applicable also to the climate in central south-
ern Europe.

Diet fractions and group size are primarily driven by land use and unaffected by climate variation. 
However, under permafrost conditions cultivation of land is strongly limited and it is not possible to 
extract water from wells. Thus a hunter-gatherer band was the only exposed group assessed during 
periods of periglacial conditions. As the productivity of terrestrial food items was not significantly 
altered during simulations of periglacial conditions (Section 9.11), there was no rational for adjusting 
the group size of the most exposed group.

The productivity of wetland ecosystems is expected to increase by approximately 50% in a warmer 
climate with a significantly elevated atmospheric concentration of CO2 (Section 9.3). The corre-
sponding increase in productivity of crops and fodder plants is expected to be 70% (Section 9.11). 
Thus the area needed to support the most exposed group with hay or agricultural food items may 
decrease during periods of the extended global warming climate case. However, as estimates of 
hay and food production are high (Section 10.8), the support areas under temperate conditions are 
already well below the area of the smallest biosphere object, and therefore there is no need to adjust 
these parameter values for a warmer climate.

10.3 Water ingestion rate of future humans
The parameter ingRate_water, describes the water ingestion rate per individual member of a self-
sustainable community. The following parameter description is taken from Werner et al. (2013).

In principle, there are two ways to estimate the drinking-water needs for an individual, either based on 
the needs set by the human physiology (and associated fluid-intake recommendations) or based on sta-
tistics on actual fluid intakes. Both demonstrate large variability depending on factors such as climate, 
activity level and diet, and such factors need to be taken into account for the present purposes.

The daily water losses from a human body (urine, insensible losses, faeces and sweat) must be bal-
anced by water gains through direct intake of water or other fluids, water contained in food and 
water generated by metabolism (oxidation of food). Based on physiological data, ICRP (1975, 
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2002) presents the daily fluid balance for a “reference man” for the purposes of radiological risk 
analyses. According to the water balance for an adult male (with a weight of 73 kg), the total daily 
water losses are 2.9 L day–1 (the corresponding sum for an adult female is c. 2.2 L day–1). These 
losses must then be balanced by direct intake of water or other fluids (2.6 L day–1) and metabolism 
(0.3 L day–1). For a reference intake of 0.7 L day–1 of water contained in food (ICRP 1975), the need 
of an adult male for direct intake of water or other fluids is hence 1.9 L day–1. Avila and Bergström 
(2006) assumed daily water losses of 2.95 L day–1 and that the sum of intake of water contained 
in food plus water generated by metabolism equals 1 L day–1, which hence yields a need for direct 
intake of water or other fluids of 1.95 L day–1.

Gleick (1996) reports results of various physiological studies of human water requirements, suggest-
ing a minimum requirement for fluid replacement of 3 L day–1 under average temperate conditions. 
WHO (2011) recommends a direct fluid intake of 2 L day–1, as an average for both males/females 
and for all ages. Moreover, the recommended minimum fluid intake was 2.9 L day–1 during NASA’s 
early space flights, and the National Academy of Sciences (1977) recommends a water intake of 
2–4.5 L day–1 depending on energy intake in food. Members of self-sustaining communities are 
likely involved in hard and prolonged physical activities, which, in combination with a warmer 
climate, puts their fluid needs above present-day averages. For instance, US Army (2008) recom-
mends a daily water intake of 6–11 L day–1 for field personnel active in temperate climates. A direct 
fluid intake of 2 L day–1 for adults is recommended by US EPA (2000) to be used in risk analyses 
related to drinking water in the USA, which is also recommended for corresponding risk analyses in 
Sweden (Westrell et al. 2006).

There are few surveys of present-day drinking habits that are relevant for the present purposes and/
or for a reference man defined for the purposes of radiological risk analyses. Most such surveys are 
focused on risks associated to intakes of tap water, whereas a large part of current fluid intakes are 
fluids other than tap water. Moreover, current average physical activities are likely less hard and less 
prolonged compared with those of members of self-sustaining communities, who also likely loose 
more water during work in a warmer climate than today (cf. above).

For instance, French survey data presented in Antoine et al. (1986), which are referred to by ICRP 
(2002) and Avila and Bergström (2006), show an average intake of tap water and other fluids of c. 
1.3 L day–1 (0.5 m3 year–1). However, the average intake of water contained in food in that study was 
1 L day–1, which corresponds to an average direct intake of water and other fluids of 1.6 L day–1 if 
the reference value of 0.7 L day–1 (cf. above) is used. The total average water intake in the study was 
2.7 L day–1, which is within the interval for daily water losses for a mixed male/female group accord-
ing to ICRP (1975, 2002). Moreover, US survey data presented in Ershow and Cantor (1989), also 
referred to in ICRP (2002) and Avila and Bergström (2006), show an average water intake of 1–1.6 L 
day–1 (0.4–0.6 m3 year–1), including direct intake of water, water added to other beverages and water 
added to food during preparation. However, the survey data do not take into account the intake of 
water contained in food or other fluid intakes (e.g. milk or soft drinks). In fact, in the Ershow and 
Cantor (1989) study the average tap-water intake (c. 1 L day–1) was just 55% of the total average 
water intake, which was 2 L day–1 (US EPA 2011). In a recent Swedish survey (Westrell et al. 2006), 
the average water intake was c. 1.9 L day–1. This average includes tap water and bottled water, but 
not other fluid intakes (e.g. milk or soft drinks).

Assuming that water is the only source for direct fluid intake, 2 L day–1 (0.73 m3 year–1) per person 
is used here as one of the inputs to estimate total water demands for different types of self-sustaining 
communities. This drinking-water need is supported by, for instance, the needs set by human physi-
ology (e.g. ICRP 1975, 2002) and fluid-intake recommendations in terms of human health (WHO 
2011) and for risk-analysis purposes in Sweden and USA (US EPA 2000, Westrell et al. 2006).

10.4 Ingestion rate of food
The human food ingestion rate (ingRate_C) is expressed in kg carbon per year. The total intake 
of carbon by an individual is related to the food energy intake, 10 kcal is approximately equiva-
lent to 1 g C. Total energy expenditure is age- and gender-dependent (see Avila and Bergström 
2006, Table A-1) and varies widely due to individual differences in activity, body size and body 
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composition. The reference value of energy expenditure by an adult male given in ICRP (2002) is 
2,800 kcal day–1 (Avila and Bergström 2006, Table A-1) and since usage of metabolic fuel is normally 
balanced by variations in food intake (ICRP 2002), we can estimate that the yearly carbon intake is 
around 102 kg. The same calculation for adult females gives a value of 66 kgC year–1. Carbon intake 
by male adults can also be estimated from the values of protein intake (0.095 kg day–1), carbohydrate 
intake (0.39 kg day–1) and fat intake (0.12 kg day–1) given in ICRP (1975) and the carbon content in 
proteins, carbohydrates and fats: 0.53, 0.44 and 0.66 kgC kg–1, respectively (Altman and Ditmer 1964, 
Dyson 1978, Rouwenhorst et al. 1991). This gives a value of around 110 kgC year–1 for adult males, 
which is the value used in previous safety assessments and in the current safety assessment, SR-PSU. 
(The same calculation for adult females gives a value of around 76 kgC year–1). 

10.5 Inhalation rate
To calculate exposure through inhalation, the inhalation rate (inhRate, expressed in m3 h–1) is used. 
The inhalation rate of an individual varies during the day depending on the activities and time spent 
outdoors and indoors. In ICRP (2002), reference values of total ventilation during a day are provided 
for members of the public at various ages (see Avila and Bergström 2006, Table A-1). The highest 
value, 22 m3 day–1, is for adult males, which is close to the value used in previous assessments, i.e. 
1 m3 h–1 or 24 m3 day–1, accordingly the value of 1 m3 h–1 is used also in SR-PSU. 

10.6 Diet fractions from cultivation of land
These parameters (f_diet_cereal, f_diet_meat, f_diet_milk, f_diet_tuber, f_diet_veg) describe the 
fractions of the yearly energy demand covered by consumption of different food items assuming a 
self-sustained agrarian community or a household cultivating vegetables and potatoes on a garden 
plot. For the infield-outland agriculture land-use variant the diet fractions were derived from an 
Iron-Age family (Table 10-2), whereas fractions for the drained mire variant was derived from 
industrial-age, small-scale farming (Table 10-3). A detailed historical background to these two land-
use variants is presented in Saetre et al. (2013b).The diet fraction for the garden plot variant were 
derived from present day food statistcs.

The infield-outland diet fractions were derived from land use and consumption of a self-sustained 
family farm with a mixed herd of livestock (Widgren 1979; Table 10-2). This agricultural system is 
based on the principle that the production of fodder supporting the livestock herd through the winter 
period balances the need for manure to fertilise the infield cropland. To scale diet fractions in carbon 
units, carbon contents for meat and milk were used from previous SKB safety assessments (Avila 
2006, Tröjbom and Nordén 2010, respectively). The carbon content of cereals was calculated from the 
nutrient content of whole grain meal from barley, wheat, rye and oats, and the carbon content of protein 
(0.53), carbohydrates (0.44) and fat (0.66) (Altman et al. 1989, Dyson 1978, Rouwenhorst et al. 1991).

Table 10-2. The contribution of different food items (f_diet) to the total carbon intake for a self-
sustained farmer community, according to an Iron-Age infield-outland agricultural system. 
Updated from Widgren (1979).

Land-use Area 
(ha)

Food 
item

Production  
(kg year–1)

Calorie content 
(kcal kg–1)

Carbon content 
(gC kg–1)

Daily Consump-
tion (kcal indv–1)

Daily Consump-
tion (gC indv–1)

f_diet  
(kgC kgC–1)

Arable  3 Cereal 1,500 3,200 0.35 2,192 239 0.71
Meadow 30 Milk 2,800   400 0.06   511  82 0.24
Pasturea 30 Meat   300 2,000 0.12   274  16 0.05
     Total:  2,977 337 1

a = Minimum area of pasture assuming primary productivity as meadow (500 kg hay ha–1, Wennberg 1947).

For the land-use variant representing cultivation of a drained wetland or lake, diet fractions were cal-
culated for a self–sustained small-scale farm at the turn of the 19th century. The typical consumption 
pattern of food was assumed to be proportional to agricultural yield of cereal, potato, meat and milk 
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(kg year–1) at the time, and production values were derived from official national statistics provided 
by the Swedish board of agriculture (Jordbruksverket 2012) (Table 10-3). Diet fractions were scaled 
in carbon units using the nutrient content of whole grain meal from barley, wheat, rye and oats, and 
the carbon content of protein, carbohydrates and fat (see above). The carbon content of potato was 
calculated from the average nutrient content of raw and cooked potatoes, and the carbon content of 
protein, carbohydrates and fat (see above).

The fraction of potatoes and vegetables for the garden-plot land use variant were derived from a 
recent summary of Swedish consumption statistics, published by the Swedish Board of Agriculture 
(Wikberger and Johansson 2006). The relative contributions of major food types were scaled in 
terms of yearly carbon consumption, using the listed nutrient contents and the carbon content of 
protein, carbohydrates and fat (Saetre et al. 2013b, Table S2). The resulting fractions for potatoes 
(f_diet_tuber) and vegetables (f_diet_veg) were 0.05 and 0.03 kgC kgC–1, respectively.

10.7 Diet fractions for drained mire agriculture
These parameters (f_area_cereal, f_area_potato, f_area_fodder) describe the fraction of arable 
land-used for cultivation of cereals, potato and fodder respectively (Table 10-3). The fractions were 
derived from national statistics on production (kg year–1) and productivity (kg year–1 ha–1) at the turn 
of the 19th century (Jordbruksverkets 2012).

Table 10-3. Land-use (f_area) and corresponding contribution of different food items (f_diet) 
to the total carbon intake for a self-sustained farmer according to an industrial-age agricultural 
system.

Land-use f_area  
(%)a

Food  
item

Productivity  
(kg m–2 year–1)a

Carbon content  
(gC kg–1)

Yearly consumption 
(kgC indv–1)C

f_diet  
(kgC kgC–1)

Cereal 48% Wheat 0.22 0.35 66 0.60
Rye 0.16
Barley 0.20
Oats 0.18

Root crop 5.8% Potato 1.29 0.08 12 0.11
Green fodder  
& pasture

33% Pigb 0.003 0.12 4 0.04
Cattleb 0.005
Milkb 0.10 0.06 27 0.25

Fallow 12%  –
Other 1.6%  –   
     Total: 110 1

a = Based on national statistics from the turn of the 19th century.
b = Productivity of meat and milk refers to area of green fodder production and pasture, and 2/3 of area used for crop 
production (Morell 1998).
c = Consumption is assumed to be proportional to food production.

10.8 Support areas for infield-outland and industrial-agriculture 
The support area (area_support) in the infield-outland variant describe the size of the mire (m2) 
required to supply winter fodder for the livestock associated with one adult individual (area_sup-
port for infield-outland). In the industrial-age agricultural scenario, the support area is the size of the 
drained mire (m2) required to support the energy demand of one adult individual (area_support for 
industrial-age). 

By combining the ecological basis of production and the physical features of the landscape (includ-
ing distance), the land-use pattern of Iron-Age farming has been surprisingly well predicted for 
family-sized groups (Widgren 1979). In these simulations, Widgren (1979) estimated that 15,000 kg 
winter fodder (hay on dry weight basis) is needed to support a livestock herd corresponding an Iron-
Age infield-outland farm of six adult individuals. Assuming that the productivity of grass and sedges 
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in the future wetlands in the Forsmark area can be estimated from highly productive mires in central 
Sweden (up to 2,400 kgdw per hectare), the support area for one adult individual will corresponds 
to 10,000 m2.

The theoretical support area for industrial-age agriculture was calculated from land-use patterns 
and productivity from the turn of the 19th century (Table 10-3). That is, by assuming that the annual 
energy demand of an adult individual equals 110 kgC (Avila and Bergström 2006), and that con-
sumption is directly proportional to production, the support area for one individual equals 6,200 m2. 
Though this support area is a theoretical construct, which does not account for losses due to food 
handling and storage, it matches fairly well the typically required area of 5 to 10 ha of arable land 
needed to support a small-scale family farm during the early industrial-age (Morell 1998).

10.9 Area of cultivated land, demand of hay and pasture.
The area (area) of arable land needed to support one adult individual in the infield-outland agricul-
tural land-use scenario was set to be 5,000 m2, following Widgren’s (1979) calculations for a self-
sufficient Iron-Age farm. The corresponding yearly demand of winter fodder for fertilising this land 
(demand_hay) is 0.23 kgC per m–2 of arable land. This value corresponds to a yearly hay demand of 
15,000 kgdw per 3 ha of arable land (Widgren 1979), and a carbon content of 0.46 kgC kgdw–1 for 
hay (Löfgren 2010). Hay covers approximately half of the yearly fodder consumption of the live-
stock (f_meadow = 0.5), and livestock is assumed to cover the remaining part by grazing uncontami-
nated outland pastures. 

For the drained mire scenario the all drained land (6,200 m2 per individual, cited from above) was 
used to represent cultivated land in calculations for the near surface atmosphere above the three 
types of cultivated crops (cereals, potatoes and fodder). This is an upper boundary as no one crop 
alone occupies this area, and a proportion of the drained land is left as a fallow. However, this area 
was used to not overestimate dilution by advection, accounting for the fact that arable land of differ-
ent crops may be located adjacent to each other.

The total area of the garden plot (area) was set to 28 m2 per individual. This area corresponds 
to the areas needed to cultivate the yearly consumption of potatoes (5.5 kgC) and vegetables 
(3.3 kgC) for one individual, based on present day productivity of potatoes and cabbage in (0.22 
and 1.0 kgC m–2 year–1).

10.10 Number of individuals in the most exposed group 
The number of individuals (N_group) for the two agricultural scenarios (infield-outland and indus-
trial-age) was set to 10 adult individuals. This group size was considered to be the smallest sustain-
able and reasonable group size that could be supported by historical records (Saetre et al. 2013b).

For example, archaeological records suggest that the typical size of an Iron-Age farm (representing 
the principles behind the infield-outland agricultural system), spanned from a core family to that of 
an extended three generations family (Lindquist 1974). Similarly, at the turn of the nineteenth century 
(a period when draining and cultivation of lake and mires was common), the majority of the farming 
population was found on self-sufficient small-scale family farms (Morell 1998).

The number of individuals in a hunting and gathering community was set to 30 individuals. This 
number corresponds to the median group size from an historic ethnographic review of 300 hunter 
and gatherer communities (Marlow 2005), and it also matches the expected value when group size is 
described as a function of habitat characteristics of undisturbed forest ecosystems in Central Sweden 
and at the site (biomass of primary producers 15–20 kgdw m–2, Nilsson and Cory 2011, Löfgren 2010).

The number of individuals in the garden plot variant was set to one family of five individuals. This 
size was chosen to avoid dilution in this land use variant, as the sources of radionuclides in the 
included exposure pathways (well water and seaweeds or biofuel ash for fertilization) is limited 
(SKB 2014a). Moreover, this small group size is in line with recommendations in the Swedish 
regulations with respect to exposure from a well (SSM 2008).
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10.11 Upper boundary for safe consumption of fish 
From analysis of stable isotopes, it can be inferred that marine proteins frequently made up all of 
dietary protein intake for hunting and gathering communities living on the Baltic coast. However, as 
the fish of the Baltic coast typically has a very low fat content (e.g. perch, pike, and cod), there is an 
upper boundary as to how much contaminated fish could possibly be consumed (f_diet_fish_max). 
Excessive protein consumption may lead to toxic effects due to elevated levels of amino acids, 
ammonia, and insulin (causing nausea and diarrhea), and thus the upper level for healthy consump-
tion of protein is 25% of the total energy intake (Bilsborough and Mann 2006). Given a total energy 
demand of 3,000 kcal day–1, and an energy content of protein of 4 kcal g–1, the maximum safe yearly 
consumption is 68 kg of proteins. With a protein to carbon ratio of 1.8 g gC–1 (perch, pike, and cod), 
this corresponds to a maximum yearly fish consumption of 38 kgC, or 35% of a yearly carbon con-
sumption of 110 kg (cited from Saetre et al. 2013b).

10.12 External exposure time
These variables describe the potential yearly exposure time for future human inhabitants with respect 
to external exposure (time_exposure) and exposure through inhalation. As exposure from aquatic 
habitats is expected to be small compared to exposure from land (SKB 2014a), the parameter values 
reflect the maximum time that future inhabitants will be in direct contact with contaminated wet-
lands, foraging or collecting hay, or the time spent working contaminated arable land. 

In the agricultural land-use variant, historical records on work time (per unit area, Myrdal 1996) were 
combined with estimates of the area needed to support one adult individual (Table 10-4) to calculate 
the parameter values. Records from the 1700s were used for infield-outland variant, whereas records 
from end of the 1800s (industrial age) were used for cultivation of a drained mire. The support area 
of cropland and meadows were taken from Iron-Age farming (infield-outland, Widgren 1979) and 
estimated from official Swedish statistics on land-use and productivity at the end of the 1800s (indus-
trial-age, 3), respectively. Thus, the potential yearly time spent on cultivated land (time_exposure) is 
54 hours for farmers draining a mire. This time was also used as an upper boundary for the time spent 
cultivating vegetables and potatoes on the garden plot. The corresponding times for the infield-outland 
variant are 120 hours spent on arable land (time_exposure × f_time_agri = 220×0.55), and 100 hours 
spent mowing hay from wet meadows (time_exposure × f_time_hay = 220×0.45). 

For hunter and gatherers an upper boundary for the time spent in the biosphere object was set to 
8,760 hours a year (24 h day–1), assuming that the band set up camp in the drier areas of the bio-
sphere object. 

Table 10-4. Time spent on arable land and meadows for two different self-sustained agricultural 
communities. 

Work time and associated land Infield-outland Industrial-age

Time spent in 10 h units per ½ haa

Haymaking 1 1
Plowing 1 1.5
Sowing 0.15 0.1
Harvesting 11 6

Agricultural land per adult indv (ha)b

Cropland 0.5 0.3
Meadow/ green fodder 5 0.2

Total time per adult (h year–1)
Cultivated area 120 54

 Meadow 100  

a Myrdal 1996. 
b From Widgren 1979 (Table 1 and Table 2). 
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11 Non-human biota parameters

In this safety assessment exposure to non-human biota is estimated through calculation of dose rates 
to the reference organisms from the ERICA Tool (Beresford et al. 2007, Brown et al. 2008). An ear-
lier study (Jaeschke et al. 2013) showed that some adjustments of this organism set should be made 
in order to fully represent current conditions in the Forsmark area. These modifications are described 
below, in Section 11.1, and in more detail in SKB (2014a). In total, 41 organism types have been 
used as target organisms in this safety assessment. 

The calculation of exposure to non-human biota is described in detail in Saetre et al. (2013a). 
Organism-, nuclide- and radiation type-specific dose conversion coefficients (DCC) are calculated, 
and these are, together with environmental radionuclide concentrations, organism habitat preferences 
and radiation weighting factors, used to estimate internal and external exposures. 

When estimating internal exposure, uptake of radionuclides in organisms is estimated using concen-
tration ratios, CR (further described in Section 7.4). The uptake of carbon-14 and tritium is modelled 
differently (see Saetre et al. 2013a) and for this the carbon and dry weight fractions of organisms 
have been used. 

11.1 Experience from previous safety assessments
The only comparable former assessment is the supplementary dose assessment performed for non-
human biota within SR-Site (Jaeschke et al. 2013). That study also investigated the effects of organ-
ism size, habitat and CR values on the estimated dose rates. The main conclusions have been utilised 
in this study, i.e. site-specific CR values have been utilised. In line with the recommendations in 
Jaeschke et al. (2013), occupancy of a few organisms has been altered (from on soil/sediment to in 
soil/sediment) and a few representative species for the Forsmark site have been added to include the 
impact of occupancy in both aquatic and terrestrial ecosystems (for details, see SKB 2014a). 

11.2 Influence of climate on parameter values 
None of these parameters are assumed to be affected by climate factors in any significant way and 
therefore the parameters are not altered in the various climate calculation cases. What has been 
slightly altered (for the periglacial climate case) is the set of organisms for which exposure is esti-
mated. This is further discussed in SKB (2014c). 

11.3 Dose conversion coefficients, DCCs
Dose estimates to non-human biota are calculated using organism-, radionuclide- and radiation type-
specific dose conversion coefficients (DCC) according to the methods described in Ulanovsky and 
Pröhl (2006) and Ulanovsky et al. (2008). Eight different kinds of coefficients are used (coefficients 
are valid for aquatic as well as terrestrial ecosystems if not otherwise stated, values are tabulated in 
Appendix E):

• DCC for internal exposure from alpha radiation,  
DCC_int_alpha, ((µGy h–1) per (Bq kgfw–1)).

• DCC for internal exposure from beta/gamma radiation,  
DCC_int_beta_gamma ((µGy h–1) per (Bq kgfw–1)).

• DCC for internal exposure from low beta radiation,  
DCC_int_low_beta ((µGy h–1) per (Bq kgfw–1)). 
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• DCC for external exposure from beta/gamma radiation in aquatic ecosystems,  
DCC_ext_beta_gamma, ((µGy h–1) per (Bq l–1)).

• DCC for external exposure from low beta radiation in aquatic ecosystems,  
DCC_ext_low_beta, ((µGy h–1) per (Bq l–1)). 

• DCC for external exposure from beta/gamma radiation in soil in terrestrial ecosystems,  
DCC_ext_in_soil_beta_gamma, ((µGy h–1) per (Bq kgdw–1)). 

• DCC for external exposure from beta/gamma radiation on soil in terrestrial ecosystems,  
DCC_ext_on_soil_beta_gamma, ((µGy h–1) per (Bq kgdw–1)).

• DCC for external exposure from beta/gamma radiation in air in terrestrial ecosystems,  
DCC_ext_in_air_beta_gamma, ((µGy h–1) per (Bq m–3)).

11.4 Occupancy factors
When estimating external exposure to non-human biota the parameter occupancy factor is used to 
describe which habitat each considered organism is utilising. The possible occupancies in aquatic 
ecosystems are in or on sediment and in or on water, whereas occupancy in terrestrial ecosystems 
includes in or on soil, and in air. 

In this assessment, the default values in the ERICA Tool have generally been used, assuming that 
each organism type predominally utilises one habitat. A change of occupancy from on to in sediment 
was performed for marine benthic molluscs, limnic bivalve molluscs and crustaceans as recom-
mended in Jaeschke et al. (2013). All occupancy factors are presented in Table 11-1. 

Table 11-1. Assumed habitat use and occupancy factors used in the safety assessment for non-
human biota in SR-PSU. 

Organisms Habitat Occupation  
factor

Organisms Habitat Occupation  
factor

Terrestrial ecosystem Benthic fish On sediment 1
Soil Invertebrate In soil 1 Pelagic fish In water 1
Detritivorous invertebrate In soil 1 (Wading) bird In water 1
Gastropod On soil 1 Mammal In water 1
Amphibian On soil 1 European otter1 On soil (TE)/in water 0.6/0.4
Reptile On soil 1 Ruddy Turnstone1 On soil (TE) 1
Flying insects On soil 1 Limnic ecosystem

Lichen and bryophytes On soil 1 Phytoplankton In water 1
Grasses and Herbs On soil 1 Vascular plant On sediment 1
Tree On soil 1 Zooplankton In water 1
Mammal (small) In soil 1 Insect larvae In sediment 1
Mammal (large) On soil 1 Bivalve mollusc In sediment2 1
Bird On soil 1 Gastropod On sediment 1
Bird egg On soil 1 Crustacean In sediment2 1
Marine ecosystem Benthic fish On sediment 1
Phytoplankton In water 1 Pelagic fish In water 1
Macroalgae On sediment 1 Amphibian In water 1
Vascular plant On sediment 1 Bird In water 1
Zooplankton In water 1 Mammal In water 1
Polychaete worm In sediment 1 Black Tern1 On soil (TE)/in water 0.6/0.4
Benthic mollusc In sediment2 1 Microphytobenthos1 On sediment 1
Crustacean On sediment 1

1 Representative species for the Forsmark area (discussed in SKB 2014a). 

2 Habitat differing from that of the ERICA Reference organism, changed in accordance with recommendations in 
Jaeschke et al. (2013).
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11.5 Radiation weighting factors
Radiation weighting factors are used to take account of the relative biological effectiveness of dif-
ferent radiations (α, low-energy β and high energy β+γ), giving weighted biota dose rates. The 
discussion on the appropriate choice of radiation weighting factors is still on-going and no defini-
tive recommendation has been made in the ERICA methodology. However, it has been suggested 
that biota-specific radiation weighting factors of 3 for low-energy electrons (E < 10 keV), 1 for all 
other β particles and electrons (as well as for γ and x-rays, the “reference radiations”) and 10 for 
α-radiation can be used. The value of 3 for low-energy electrons reflects the experimental relative 
biological effectiveness, RBE values for tritium (Straume and Carsten 1993), and the value of 10 
for α-particles (lower than the value of 20 used in human protection) is used because the latter was 
intended to represent relative biological effectiveness (RBE) for stochastic effects (primarily the 
induction of cancers), whereas in non-human biota it is the deterministic effects that are of impor-
tance (Vives i Batlle et al. 2004). Throughout this assessment, these default weighting factors (β+γ 
radiation, w_beta_gamma, 1; low β radiation, w_low_beta, 3; and α radiation, w_alpha, 10) have 
been applied. 

11.6 Fraction of carbon in organisms
Estimations of radionuclide uptake in biota are, for most radionuclides, performed using Concen-
tration Ratios. The exception is uptake of carbon-14 and tritium for which uptake is modelled dif-
ferently due to the nature of these two elements for which stable isotopes are very abundant in the 
environment. The modelling is described in detail in Saetre et al. (2013a). 

For uptake of carbon-14, a parameter named fraction carbon in organism (f_C_org) is used 
(unit kgC kgfw–1). Literature values (from IAEA 2010) have been utilised for this parameter, see 
Table 11-2. 

Table 11-2. Carbon content of different organisms used in the assessment.

Organism Carbon content  
(f_C_org) kgC kgfw–1

Organism Carbon content  
(f_C_org) kgC kgfw–1

Freshwater Pelagic fish 1.2E–01
Amphibian 7.0E–02 Phytoplankton 7.6E–02
Benthic fish 1.2E–01 Polychaete worm 1.2E–01
Bird 2.4E–01 Ruddy Turnstone 2.4E–01
Bivalve mollusc 7.2E–02 Vascular plant 4.0E–02
Black tern 2.4E–01 Zooplankton 1.2E–01
Crustacean 1.2E–01 Terrestrial

Gastropod 7.2E–02 Amphibian 7.0E–02
Insect larvae 1.2E–01 Bird 2.4E–01
Mammal 1.5E–01 Bird egg 2.4E–01
Microphytobenthos 8.9E–02 Detritivorous invertebrate 1.2E–01
Pelagic fish 1.2E–01 European otter 1.5E–01
Phytoplankton 7.6E–02 Flying insects 1.2E–01
Vascular plant 4.0E–02 Gastropod 7.2E–02
Zooplankton 1.2E–01 Grasses & Herbs 1.0E–01
Marine Lichen & bryophytes 1.0E–01
Benthic fish 1.2E–01 Mammal (Deer) 1.5E–01
Benthic mollusc 7.2E–02 Mammal (Rat) 1.5E–01
Bird (Wading) 2.4E–01 Reptile 7.0E–02
Crustacean 1.2E–01 Ruddy Turnstone 2.4E–01
European otter 1.5E–01 Shrub 1.0E–01
Macroalgae 7.6E–02 Soil Invertebrate 1.2E–01
Mammal 1.5E–01 Tree 1.0E–01
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11.7 Fraction dry weight of organisms
The parameter fraction dry weight in organism, f_DW_org (in the unit kgdw kgfw–1) is used when 
estimating uptake of tritium. For this parameter, a conservative value of 0 (assuming 100% water 
content) is used for terrestrial organisms. For aquatic organisms, literature values (from IAEA 2010) 
have been used, see Table 11-3. 

Table 11-3. Fraction dry weight of organisms (kgdw kgfw–1)

Organisms Fraction dry weight of organisms  
(f_DW_org) kgdw kgfw–1

Freshwater  
Amphibian 1.50E–01
Benthic fish 2.50E–01
Bird 3.20E–01
Bivalve mollusc 1.80E–01
Black tern 3.20E–01
Crustacean 2.45E–01
Gastropod 1.80E–01
Insect larvae 2.45E–01
Mammal 3.20E–01
Microphytobenthos 2.35E–01
Pelagic fish 2.50E–01
Phytoplankton 1.60E–01
Vascular plant 1.30E–01
Zooplankton 2.45E–01

Marine  
Benthic fish 2.50E–01
Benthic mollusc 1.80E–01
Bird (Wading) 3.20E–01
Crustacean 2.45E–01
European otter 3.20E–01
Macroalgae 1.60E–01
Mammal 3.20E–01
Pelagic fish 2.50E–01
Phytoplankton 1.60E–01
Polychaete worm 2.45E–01
Ruddy turnstone 3.20E–01
Vascular plant 1.30E–01
Zooplankton 2.45E–01



SKB R-13-18 133

12 Alternative calculation cases

In addition to the four climate calculation cases, three alternative biosphere calculation cases have 
been developed in SR-PSU, Wells in discharge plume, Distributed release and Alternative object 
delineation. For some of these cases, alternative or additional parameter values are used, in this sec-
tion these parameters are presented. 

12.1 Wells in discharge plume 
These parameters are used in the calculation case with a well in the discharge plume in the radionu-
clide transport modelling. 

12.1.1 Water extraction rate of a drilled well
The parameter q_well defines the water extraction rate from a drilled well. For simplicity 700 L day–1 
(or 255 m3 year–1) was used for all drilled wells in the area biosphere objects (i.e. in or in the well 
interaction area). This parameter value corresponds to the water demand (humans and livestock) 
associated with a group of industrial age farmers that drain and cultivate a mire (Werner et al. 2013). 
The rate is higher than the minimum water use associated a rural family cultivating a garden plot 
(200 L day–1) and somewhat lower than the present-day water use of 5 individuals (900 L day–1) 
connected to a public water works (either of these could correspond to a garden-plot household). 
A sensitivity analysis showed that the amount of particles trapped in extracted well water increase 
approximately linearly with the well discharge in the range of 700 to 2,800 L day–1 (Werner et al. 
2013), and thus particle (and presumably radionuclide) concentration in extracted water is insensi-
tive to the well discharge in this range. However, it should be note that the value of q_well need to be 
matched with the value of the release fraction reaching into a well (f_well_agri, f_well_interaction). 
With the selected parameter value this match is ensured, as the well discharge was set to 700 L day–1 
in the simulations used to derive release fractions reaching a drilled well (Werner et al. 2013).

12.1.2 Probability of well to be drilled within the interaction area 
The parameter, p_well_interaction, defines the probability for a water-supply well to be drilled 
in rock within the well interaction area, i.e. the area (or rather, volume) in which such wells may 
have the highest concentrations of radionuclides originating from SFR. According to a regional 
analysis of well density (including both wells in regolith and wells in rock), the current well density 
is c. 0.5 wells per km2 in areas where the shoreline passed up to approximately 1,000 years ago in 
Forsmark, i.e. corresponding to approximately 4000 AD in the SR-PSU case (Werner et al. 2013). 
There is a peak (c. 0.9 wells per km2) at a shoreline passage c. 1,800 years ago (approximately 
5000 AD in the SR-PSU case). Moreover, the well density is below 0.5 wells per km2 in areas where 
the shoreline passed more than 2,000 years ago (i.e. beyond 5000 AD in the SR-PSU case). Hence, 
an average well density of 0.5 wells per km2 seems appropriate for calculations of the probability 
for a well to be drilled at random within a given area. The well interaction area, delineated based on 
DarcyTools particle-tracking results, has a size of 0.26 km2. For a well density of 0.5 wells per km2 
this size corresponds to a probability of 0.13 for a well to be drilled in rock at random within this 
area. In comparison, the delineated risk area for SFR 1 and SFR 2 is slightly larger than the risk area 
delineated by Holmén and Stigson (2001) for SFR 1.

12.1.3 The fraction of a potential release that may interact with a water-supply
This parameter, f_well_interaction, describes the fraction of a potential release from the reposi-
tory that may interact with a water-supply drilled in rock in the well interaction area. As shown in 
Table 12-1 and Table 12-2, a number of well locations within this area were analysed using Darcy-
Tools. Table 12-1 and Table 12-2 show that the average particle-capture ratio for the analysed wells 
is rather constant among SFR facility parts (c. 2–8% of released particles). Therefore, 10% can be 
used as a conservative, upper boundary for the fraction from any repository part that is captured by 
a generic well drilled in rock at random within the well interaction area.
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Table 12-1. Results of SFR 1 forward particle tracking in terms of particle-caption ratios. Well 
discharge Qwell = 700 L day–1 (from Appendix 3 in Werner et al. 2013).

Well id 1BTF 2BTF 1BLA 1BMA Silo Average

29 2.30·10–1 3.18·10–1 3.13·10–1 1.67·10–1 1.43·10–2 2.08·10–1

21 0 0 0 0 0 0
22 0 0 0 0 0 0
23 5.43·10–2 1.43·10–2 4.78·10–3 1.51·10–4 1.71·10–1 4.88·10–2

24 0 3.02·10–4 8.54·10–3 4.92·10–2 0 1.94·10–2

25 4.81·10–2 5.77·10–2 6.18·10–2 4.65·10–2 1.01·10–1 6.30·10–2

26 1.99·10–2 2.29·10–2 2.42·10–2 1.81·10–2 5.36·10–2 2.77·10–2

27 7.28·10–3 8.40·10–5 0 0 6.64·10–2 2.46·10–2

28 0 0 6.30·10–5 1.06·10–3 0 5.60·10–4

Average 7.19·10–2 6.89·10–2 6.87·10–2 4.70·10–2 8.12·10–2

Table 12-2.  Results of SFR 3 forward particle tracking in terms of particle-caption ratios. Well 
discharge Qwell = 700 L day–1 (Appendix 3 in Werner et al. 2013).

Well id 2BLA 3BLA 4BLA 5BLA 2BMA 1BRT Average

29 1.69·10–2 4.20·10–3 1.10·10–3 4.30·10–4 3.6·10–4 5.57·10–2 1.31·10–2

21 9.00·10–6 2.36·10–4 9.05·10–4 1.21·10–2 4.24·10–2 4.00·10–6 9.29·10–3

22 1.04·10–2 1.36·10–2 1.96·10–2 2.14·10–2 1.28·10–2 1.02·10–3 1.31·10–2

23 1.15·10–1 9.83·10–2 6.29·10–2 3.78·10–2 3.34·10–2 1.22·10–1 7.82·10–2

24 0 0 0 0 0 1.00·10–6 1.67·10–7

25 9.34·10–2 4.42·10–2 2.46·10–2 1.85·10–2 1.99·10–2 1.30·10–1 5.51·10–2

26 6.24·10–2 3.15·10–2 2.00·10–2 1.63·10–2 1.87·10–2 8.48·10–2 3.90·10–2

27 6.48·10–2 4.52·10–2 4.41·10–2 3.88·10–2 2.09·10–2 3.36·10–2 4.12·10–2

28 0 0 0 0 0 0 0
Average 5.18·10–2 3.39·10–2 2.47·10–2 2.08·10–2 2.12·10–2 5.34·10–2

12.1.4 Fraction of particles that reaches a well associated to future, potential 
agricultural settlements

This parameter, f_well_agri, is the ratio between the number of particles that reaches a certain well 
drilled in rock, associated to future, potential agricultural settlements, and the number of particles 
released from a certain SFR facility part (Table 12-4). Using DarcyTools, particles released at SFR 1 
and SFR 3 were only captured in a few of the examined wells and particle-capture ratios were small 
(see Figure 6-13 and Appendix 3 in Werner et al. 2013). The parameter values for f_well_agri were 
derived by using the maximum particle-capture ratio for each repository part (over all wells) as a 
best estimate, and uncertainty in this parameter was cautiously handled by multiplying the particle-
capture ratio with an uncertainty factor of two. Hence, f_well_agri has different values for different 
combinations of SFR facility parts and drilled wells.

Table 12-3. Results of forward particle tracking in terms of particle-capture ratios for wells drilled 
in rock, associated to future, potential agricultural settlements. Well discharge q-well = 700 L day–1 
(Appendix 3 in Werner et al. 2013).

SFR 1
Well id 1BTF 2BTF 1BLA 1BMA Silo

11 2.00·10–5 1.00·10–5 0 0 9.00·10–5

SFR 3
Well id 2BLA 3BLA 4BLA 5BLA 2BMA 1BRT

3 0 4.00·10–5 3.00·10–5 2.00·10–5 2.00·10–5 2.00·10–5

5 0 1.00·10–5 2.00·10–5 2.10·10–4 9.1·10–4 0
11 1.19·10–3 1.72·10–3 1.01·10–3 5.60·10–4 4.3·10–4 8.70·10–4
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Table 12-4. The parameter values of f_well_agri, which describes the ratio between the number 
of particles that reaches a certain well and the number of particles released from a certain SFR 
facility part for different parts of the SFR facility (Bq year–1) per (Bq year–1). 

SFR facility f_well_agri SFR facility f_well_agri

BLA1 0 BMA2 2.00E–03
BLA2 2.00E–03 BTF1 4.00E–05
BLA3 3.00E–03 BTF2 2.00E–05
BLA4 2.00E–03 BRT 2.00E–03
BLA5 1.00E–03 Silo 2.00E–04
BMA1 0.00E+00

12.2 Distributed release
The parameter f_release is used in the calculation case Distributed release to estimate the proportion 
of the release that reaches the different biosphere objects. Hydrogeological modelling indicates that 
the major fraction of a potential release from the present repository (SFR1) and its planned extension 
(SFR3) will be discharged into a limited area in the future Forsmark landscape, i.e. into biosphere 
object 157_2. Consequently, dose and dose rate estimates in the base case were based on the assump-
tion that all radionuclides will be discharged into object 157_2, and that radionuclides reach other 
biosphere objects only through horizontal fluxes of groundwater and surface water.

However, for a few repository parts, a fraction of the release is expected to be directly discharged to 
other biosphere objects. To quantify the effects of the simplified handling of the large-scale spatial 
distribution of the release in the base case, the alternative calculation case Distibuted release was set 
up. The 2BMA part of the repository had the largest fraction of exit points located outside of object 
157_2. Thus for this simulation the release fractions from 2BMA to each of the biosphere objects 
were used. Release fractions were determined for 17 hydrogeological simulations (Odén et al. 2014), 
and in calculation case Distributed release the maximum release fraction, over the 17 simulations, 
was cautiously used for each biosphere object and time (Table 12-5).

Table 12-5. Distribution of maximum proportions of radionuclide releases (in % of total potential 
release from 2BMA) between the different biosphere objects in the 17 performed hydrological 
simulations.

Time (AD) 157_2 159 157_1 116 121_2 160 121_1

2000 100  0  0 0.1  0.3 0  0
2500  97.4  0  0 0 22.4 0  0.1
3000  97.7  0.2  0.6 0 12.8 1.8 23.7
3500  99.1  2.7  6.6 1.4 10 3.3  0
5000  94.6 15.5  9.4 3.5  7.2 1.8  0
9000  95.8 13.2 10.2 1.7  8.4 0.4  0

12.3 Alternative object delineation 
This section presents the parameters that is altered in the calculation case alternative object delinea-
tion. Alternative methods for delineating biosphere objects can be applied in order to examine how 
the object delineation may affect object properties and the environmental concentrations that result 
from a constant release of radionuclides. Therefore, four alternative delineations of biosphere object 
157_2 have been performed in SR-PSU, see SKB (2014c) for more information. The four alternative 
object delineations are described here: 

Area with upward hydraulic gradients (Upward). The original biosphere object 157_2 was outlined 
based on particle discharge at the bedrock-regolith interface. For this alternative delineation, it is 
assumed that all radionuclides are released to areas that are defined as discharge areas all the way 
from the bedrock to the surface. 
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Wetland areas (Wetl). In this delineation it was assumed that all radionuclides are released to the area 
of the object that has wetland properties. 

Areas with a high density of discharge-location at the interface between rock and regolith (HD-Disch). 
In the delineation based on discharge points from DarcyTools the area with a high density of discharge 
points was selected as an alternative delineation of biosphere object 157_2.

Potential future arable land (Arable). In the LDM, a future landscape is described in which most of 
the potential arable land is used. For this delineation it was assumed that the combined thickness of 
peat postglacial clay and glacial clay was at least 0.5 m after drainage, accounting for the compaction 
and oxidation of peat and postglacial clay associated with drainage. When these criteria are applied on 
biosphere object 157_2, only a small area is regarded suitable for long-term agricultural practices.

In addition to these cases the base case delineation of object 157_1 (here called the reference) where 
used to assess the effects of the alternative object delineations. 

Parameters defining the geometries of the alternative object delineations were used. The thickness of 
the regolith layers (till, glacial clay and post glacial sediments), the area of the object and the area of 
the terrestrial part of the object were altered in the object delineations. The ingrowth of peat and the 
mineralization rate of peat were also altered. 

Water balances were extracted for the identified subareas of object 157_1. The water balances were 
derived using the MIKE SHE 5000 AD local model setup (Werner et al. 2013). As expected, the 
largest net vertical groundwater fluxes from rock to regolith are obtained for subareas with upward 
hydraulic gradients (Upward) and high discharge-location density (HD-disch). The smallest net flux 
is obtained for arable land (Arable), which is characterised by thick layers of low-permeable rego-
lith. In subareas with shallow depth to the groundwater table (Wetl), net vertical groundwater fluxes 
are similar to those obtained for the entire biosphere object. 

The parameters are listen in Table 12-6 and Table 12-7. 

Table 12-6. Parameters altered in the alternative object delineation case. 

Parameter Unit Arable UpwGrad Reference HD_disch Wetl

area_obj m 2.92E+04 1.32E+05 1.68E+05 4.72E+04 8.40E+04
minRate_regoPeat  kgC kgC–1 year–1 2.10E–03 7.16E–03 7.16E–03 5.29E–03 3.04E–03
z_regoGL m 1.04E+00 2.30E–01 1.70E–01 1.10E–01 3.50E–01
z_regoLow m 1.82E+00 2.23E+00 2.40E+00 2.66E+00 1.89E+00
q_downstream_end m3 m–2 year–1 6.68E+00 1.47E+00 1.16E+00 1.69E+00 2.32E+00
q_downstream_iso m3 m–2 year–1 6.68E+00 1.47E+00 1.16E+00 1.69E+00 2.32E+00
q_gl_low_ter_end m3 m–2 year–1 1.50E–02 1.51E–02 8.09E–03 3.24E–02 8.98E–02
q_gl_low_ter_iso m3 m–2 year–1 1.50E–02 1.51E–02 8.09E–03 3.24E–02 8.98E–02
q_gl_pg_ter_end m3 m–2 year–1 1.47E–01 2.98E–01 2.03E–01 2.55E–01 2.14E–01
q_gl_pg_ter_iso m3 m–2 year–1 1.47E–01 2.98E–01 2.03E–01 2.55E–01 2.14E–01
q_low_gl_ter_end m3 m–2 year–1 1.16E–01 2.86E–01 1.51E–01 2.53E–01 1.98E–01
q_low_gl_ter_iso m3 m–2 year–1 1.16E–01 2.86E–01 1.51E–01 2.53E–01 1.98E–01
q_peat_pg_ter_end m3 m–2 year–1 3.18E–03 2.44E–01 2.85E–01 2.56E–01 1.93E–01
q_peat_pg_ter_iso m3 m–2 year–1 3.18E–03 2.44E–01 2.85E–01 2.56E–01 1.93E–01
q_peat_up_ter_end m3 m–2 year–1 4.40E–01 6.25E–01 6.19E–01 1.04E+00 1.43E+00
q_peat_up_ter_iso m3 m–2 year–1 4.40E–01 6.25E–01 6.19E–01 1.04E+00 1.43E+00
q_pg_gl_ter_end m3 m–2 year–1 1.54E–02 1.65E–02 5.59E–02 3.25E–02 1.04E–01
q_pg_gl_ter_iso m3 m–2 year–1 1.54E–02 1.65E–02 5.59E–02 3.25E–02 1.04E–01
q_pg_peat_ter_end m3 m–2 year–1 1.47E–01 5.14E–01 4.71E–01 6.81E–01 4.57E–01
q_pg_peat_ter_iso m3 m–2 year–1 1.47E–01 5.14E–01 4.71E–01 6.81E–01 4.57E–01
q_up_peat_ter_end m3 m–2 year–1 1.79E–01 3.61E–01 4.11E–01 4.48E–01 5.48E–01
q_up_peat_ter_iso m3 m–2 year–1 1.79E–01 3.61E–01 4.11E–01 4.48E–01 5.48E–01
q_up_wat_ter_end m3 m–2 year–1 6.68E+00 1.47E+00 1.16E+00 1.69E+00 2.32E+00
q_up_wat_ter_iso m3 m–2 year–1 6.68E+00 1.47E+00 1.16E+00 1.69E+00 2.32E+00
q_wat_up_ter_end m3 m–2 year–1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
q_wat_up_ter_iso m3 m–2 year–1 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 12-7. Time dependent parameters altered in the alternative object delineation case. 

Parameter Unit Year (AD) Reference Arable UpwGrad HD_disch Wetl

area_obj_ter m2 2500 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
area_obj_ter m2 3000 2.71E+02 2.71E+02 2.71E+02 2.71E+02 2.71E+02
area_obj_ter m2 3500 2.73E+04 2.73E+04 2.73E+04 2.73E+04 2.73E+04
area_obj_ter m2 4000 1.32E+05 1.32E+05
area_obj_ter m2 4276 1.68E+05 2.92E+04 1.32E+05 4.72E+04 8.40E+04
z_regoPG_ter m 2500 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
z_regoPG_ter m 3000 1.16E–01 1.16E–01 1.16E–01 1.16E–01 1.16E–01
z_regoPG_ter m 3500 2.65E–01 2.65E–01 2.65E–01 2.65E–01 2.65E–01
z_regoPG_ter m 4000 2.88E–01 2.88E–01 2.88E–01 2.88E–01 2.88E–01
z_regoPG_ter m 4276 3.10E–01 4.10E–01 3.30E–01 3.10E–01 3.60E–01
Ter_growth m3 year–1 0 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Ter_growth m2 year–1 2500 5.42E–01 5.42E–01 5.42E–01 5.42E–01 5.42E–01
Ter_growth m2 year–1 3000 5.41E+01 5.41E+01 5.41E+01 5.41E+01 5.41E+01
Ter_growth m2 year–1 3500 2.09E+02 2.41E+00 2.09E+02 2.56E+01 7.31E+01
Ter_growth m2 year–1 4000 1.30E+02 2.64E+00
Ter_growth m2 year–1 4276 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
WF_lobj157_1 m3 year–1 2000 7.48E+08 7.48E+08 7.48E+08 7.48E+08 7.48E+08
WF_lobj157_1 m3 year–1 3000 4.01E+08 4.01E+08 4.01E+08 4.01E+08 4.01E+08
WF_lobj157_1 m3 year–1 4275 1.95E+05 1.95E+05 1.95E+05 7.98E+04 1.95E+05
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Appendix A

List of parameters

Table A-1. Radionuclide-specific parameters. 

Parameter name Description Unit Chapter in 
parameterreport

Additional PSU reference Delivered in file

doseCoef_ext Dose coefficent for external exposure (Sv h–1) (Bq m–3)–1 3.4 RadionuclideSpecific.xlms
doseCoef_ing Dose coefficent for ingestion Sv Bq–1 3.4 RadionuclideSpecific.xlms
doseCoef_inh Dose coefficient for inhalation Sv Bq–1 3.4 RadionuclideSpecific.xlms
doseCoef_combPeat Dose coefficient for combustion of peat (Sv year–1) (Bq kgdw–1) –1 3.4.1 Stenberg and Rensfeldt 2015 RadionuclideSpecific.xlms
doseCoef_combWood Dose coefficient for combustion of wood ((Sv year–1) (Bq kgdw–1) –1 3.4.1 Stenberg and Rensfeldt 2015 RadionuclideSpecific.xlms
doseCoef_ext_surf Dose coefficent for external exposure (Sv h–1) (Bq m–2)–1 3.4 RadionuclideSpecific.xlms
dose_ingrowth_agri_ext Average relative contribution including daughter 

radionuclides in agricultural lands
unitless 3.4.2 RadionuclideSpecific.xlms

dose_ingrowth_agri_inh Average relative contribution including daughter 
radionuclides in agricultural lands

unitless 3.4.2 RadionuclideSpecific.xlms

dose_ingrowth_agri_ing Average relative contribution including daughter 
radionuclides in agricultural lands

unitless 3.4.2 RadionuclideSpecific.xlms

doseCoef_ing_water_14C Dose coefficient from ingestion of carbon-14 in water Sv Bq–1 3.4 SiteGeneric.xlsm
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Table A-2. Landscape geometries. Time dependent parameters are presented in Appendix C. 

Parameter Description Unit Chapter in 
parameterreport

Additional PSU reference Delivered in file

Time dependent
area_obj_aqu Surface area of aquatic object m2 4.4.2 Brydsten and Strömgren 2013 TimeSeries_converted.xlms
area_obj_ter Surface area of terrestrial object m2 4.4.3 Brydsten and Strömgren 2013 TimeSeries_converted.xlms
res_rate Gross resuspension rate per unit surface area m3 m–2 year–1 4.5.1 Brydsten and Strömgren 2013 TimeSeries_converted.xlms
sed_rate Gross sedimentation rate per unit surface area m3 m–2 year–1 4.5.2 Brydsten and Strömgren 2013 TimeSeries_converted.xlms
z_water Average depth of water m 4.4.4 Brydsten and Strömgren 2013 TimeSeries_converted.xlms
z_regoPG_aqu Depth of aquatic post-glacial sediments m 4.4.7 Brydsten and Strömgren 2013 TimeSeries_converted.xlms
z_regoPG_ter Depth of terrestrial post-glacial sediments m 4.4.8 Brydsten and Strömgren 2013 TimeSeries_converted.xlms
Ter_growth is the horizontal rate of mire vegetation ingrowth m2 year–1 4.5.3 Ter_growth.xlsx

Constant over time
area_obj Area of the lake object m2 4.4.1 Brydsten and Strömgren 2013 ObjectSpecific.xlsm
z_regoLow Average depth of regolow (till) m 4.4.5 ObjectSpecific.xlsm
z_RegoGL Depth of glacial clay m 4.4.6 ObjectSpecific.xlsm
threshold_start The year a threshold starts isolating a baythat will become a lake year 4.3.1 Brydsten and Strömgren 2013 ObjectSpecific.xlsm
threshold_stop The final year a threshold has isolated a bay year 4.3.2 Brydsten and Strömgren 2013 ObjectSpecific.xlsm
threshold_isolation The year a threshold has isolated a bay year 4.3.4 Brydsten and Strömgren 2013 ObjectSpecific.xlsm
threshold_land The year reed areas starts to appear in objekt year 4.3.5 Brydsten and Strömgren 2013 ObjectSpecific.xlsm
threshold_end The last year of terrestrial ingrowth year 4.3.6 Brydsten and Strömgren 2013 ObjectSpecific.xlsm
threshold_well is the point in time after which it is feasible to construct a well year 4.3.3 ObjectSpecific.xlsm
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Table A-3. Regolith characteristics. 

Parameter Description Unit Chapter in  
parameterreport

Additional 
PSU reference

Delivered in file

Non-cultivated soils
dens_regoLow Density of the lower regolith layer (till) kgdw m–3 5.3.1 SiteGeneric.xlms
dens_regoGL Density of glacial clay kgdw m–3 5.3.2 SiteGeneric.xlms
dens_regoPG Density of post-glacial sediments kgdw m–3 5.3.3 SiteGeneric.xlms
dens_regoPeat Density of anoxic layer of terrestrial regolith (peat) kgdw m–3 5.3.4 SiteGeneric.xlms
dens_regoUp_lake Density of upper 5 cm layer of aquatic regolith (lake) kgdw m–3 5.3.6 SiteGeneric.xlms
dens_regoUp_sea Density of upper 10 cm layer of aquatic regolith (sea) kgdw m–3 5.3.6 SiteGeneric.xlms
dens_regoUp_ter Density of upper oxic layer of terrestrial regolith (peat) kgdw m–3 5.3.5 SiteGeneric.xlms
poro_regoLow Porosity of lower regolith layer (Till) m3 m–3 5.3.1 SiteGeneric.xlms
poro_regoGL Porosity of glacial clay m3 m–3 5.3.2 SiteGeneric.xlms
poro_regoPG Porosity of post-glacial sediments m3 m–3 5.3.3 SiteGeneric.xlms
poro_regoPeat Porosity of anoxic layer of terrestrial regolith (peat) m3 m–3 5.3.4 SiteGeneric.xlms
poro_regoUp_lake Porosity of upper 5 cm layer of aquatic regolith (lake) m3 m–3 5.3.6 SiteGeneric.xlms
poro_regoUp_sea Porosity of upper 10 cm layer of aquatic regolith (sea) m3 m–3 5.3.6 SiteGeneric.xlms
poro_regoUp_ter Porosity of upper oxic layer of terrestrial regolith (peat) m3 m–3 5.3.5 SiteGeneric.xlms

Infield-outland
dens_regoUp Density of glacial clay in early agricultural societies kgdw m–3 5.4.2 SiteGeneric.xlms
poro_regoUp Porosity of glacial clay in early agricultural society m3 m–3 5.4.2 SiteGeneric.xlms
S_w_regoUp Degree of saturation in upper layer of sand soils in early agricultural society m3 m–3 5.4.4 SiteGeneric.xlms
D_CO2_soil is the diffusivity of CO2 in soil, based on the porosity and water content of the soil m2 year–1 5.4.5 SiteGeneric.xlms

Drained mire
poro_regoUp_clay Porosity of agricultural soil from claygyttja m3 m–3 5.4.1 SiteGeneric.xlms
poro_regoUp_peat Porosity of agricultural soil from peat m3 m–3 5.4.1 SiteGeneric.xlms
dens_regoUp_clay Density of agricultural soil from claygyttja kgdw m–3 5.4.1 SiteGeneric.xlms
dens_regoUp_peat Density of agricultural soil from peat kgdw m–3 5.4.1 SiteGeneric.xlms
S_w_regoUp_peat Degree of saturation in upper soil layer in industrial agricultural society m3 m–3 5.4.4 SiteGeneric.xlms
compact_gyttja Initial immediate compactation of agricultural soils and reduction due to oxidation m m–1 5.4.3 SiteGeneric.xlms
compact_peat Initial immediate compactation of agricultural soils and reduction due to oxidation m m–1 5.4.3 SiteGeneric.xlms
D_CO2_soil_clay is the diffusivity of CO2 in soil, based on the porosity and water content of the soil m2 year–1 5.4.5 SiteGeneric.xlms
D_CO2_soil_peat is the diffusivity of CO2 in soil, based on the porosity and water content of the soil m2 year–1 5.4.5 SiteGeneric.xlms

Garden plot
poro_regoUp Porosity of soils in a modern kitchen garden plot m3 m–3 5.4.2 SiteGeneric.xlms
dens_regoUp Density of soil in modern kitchen garden plot kgdw m–3 5.4.2 SiteGeneric.xlms
S_w_regoUp Degree of saturation in soils in a modern kitchen garden m3 m–3 5.4.4 SiteGeneric.xlms
D_CO2_soil is the diffusivity of CO2 in soil, based on the porosity and water content of the soil m2 year–1 5.4.5 SiteGeneric.xlms
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Table A-4. Hydrological parameters. (The hydrological data are presented in Appendix D.)

Parameter Description Unit Chapter in 
parameterreport

Additional  
PSU reference

Delivered in file

q_low_gl_sea Water flux from lower regolith to glacial clay layer in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_low_sea Water flux from glacial clay layer to lower regolith in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_pg_sea Water flux from glacial clay to post glacial clay layer in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_gl_sea Water flux from post glacial clay to glacial clay layer in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_up_sea Water flux from post glacial clay to upper sediment layer in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_pg_sea Water flux from upper sediment to post glacial clay layer in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_wat_sea Water flux from upper sediment layer to water column in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_wat_up_sea Water flux from water column to upper sediment layer in marine phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_low_gl_lake Water flux from lower regolith to glacial clay layer for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_low_lake Water flux from glacial clay layer to lower regolith for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_pg_lake Water flux from glacial clay to post glacial clay layer for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_gl_lake Water flux from post glacial clay to glacial clay layer for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_up_lake Water flux from post glacial clay to upper sediment layer for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_pg_lake Water flux from upper sediment to post glacial clay layer for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_wat_lake Water flux from upper sediment layer to water column for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_wat_up_lake Water flux from water column to upper sediment layer for aquatic part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_downstream_iso Water flux from water column downstream in lake phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_low_gl_ter_iso Water flux from lower regolith to glacial clay layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_low_ter_iso Water flux from glacial clay layer to lower regolith for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_pg_ter_iso Water flux from glacial clay to post glacial clay layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_gl_ter_iso Water flux from post glacial clay to glacial clay layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_wat_ter_iso Water flux from upper peat layer to water column for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_wat_up_ter_iso Water flux from water column to upper peat layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_peat_ter_iso Water flux from post glacial clay to peat layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_peat_pg_ter_iso Water flux from peat to post glacial clay layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_peat_up_ter_iso Water flux from peat to upper peat layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_peat_ter_iso Water flux from upper peat to peat layer for terrestrial part in limnic phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_downstream_end Water flux from water column downstream in stream phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_low_gl_ter_end Water flux from lower regolith to glacial clay layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_low_ter_end Water flux from glacial clay layer to lower regolith for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_gl_pg_ter_end Water flux from glacial clay to post glacial clay layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_gl_ter_end Water flux from post glacial clay to glacial clay layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_wat_ter_end Water flux from upper peat layer to water column for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_wat_up_ter_end Water flux from water column to upper peat layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_pg_peat_ter_end Water flux from post glacial clay to peat layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_peat_pg_ter_end Water flux from peat to post glacial clay layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_peat_up_ter_end Water flux from peat to upper peat layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
q_up_peat_ter_end Water flux from upper peat to peat layer for terrestrial part in mire phase m3 m–2 year–1 6.4 Werner et al. 2013 q_flux.xlms
WF_lobjXX Water flow from lobjxx to lobjyy m3 year–1 6.3 Werner et al. 2013 WF_landscape.xlsm
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Table A-5. Element-specific parameters. 

Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

Concentration ratios
cR_agri_cereal Concentration ratio between soil and cereal kgdw kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_agri_fodder Concentration ratio between soil and fodder kgdw kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_agri_tuber Concentration ratio between soil and potatoes kgdw kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_agri_veg Concentration ratio between soil and vegetables kgdw kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_food_herbiv Concentration ratio with respect to herbivores and their diet kgdw kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_lake_cray Concentration ratio for crayfish in lake water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_lake_fish Concentration ratio for fish in lake water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_lake_pp_macro Concentration ratio for macrophytes in lake water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_lake_pp_micro Concentration ratio for microphytobenthos in lake water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_lake_pp_plank Concentration ratio for plankton in lake water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_sea_fish Concentration ratio for fish in sea water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_sea_pp_macro Concentration ratio for macrophytes in sea water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_sea_pp_micro Concentration ratio for microphytobenthos in sea water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_sea_pp_plank Concentration ratio for plankton in sea water m3 kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
cR_ter_mush Concentration ratio between edible mushrooms and soil kgdw kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm

Transfer coefficents
cR_ter_pp Concentration ratio for terrestrial primary producers and soil kgdw kgC–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
TC_meat Transfer coefficient from intake of radionuclides in fodder and water to cow meat d kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm
TC_milk Transfer coefficient from intake of radionuclides in fodder and water to cow milk day L–1 7.4 Tröjbom et al. 2013 ElementSpecific.xlsm

Kd (soil/liquid distribution coefficents
kD_PM_lake Distribution coefficient for particulate matter in lake water m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_PM_sea Distribution coefficient for particulate matter in sea water m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoGL Distribution coefficient in glacial clay m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoLow Distribution coefficient in lower regolith (till) m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoPeat Distribution coefficient anoxic layer of terrestrial regolith (peat) m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoPG Distribution coefficient in post-glacial sediments m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoUp_aqu Distribution coefficient in upper layer of aquatic regolith m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoUp_ter Distribution coefficient of upper oxic layer of terrestrial regolith (peat) m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoUp, Drained mire Distribution coefficient in cultivated peat soils in industrial agricultural lands m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoUp, Garden plot Distribution coefficient in soils of a modern kitchen garden plot m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
kD_regoUp, infield-outland Distribution coefficient in sandy soils in early agricultural lands m3 kgdw–1 7.3 Tröjbom et al. 2013 ElementSpecific.xlsm
Diffusivity
D_water Diffusivity m2 year–1 7.5 ElementSpecific2.xlsm
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Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

Concentration rations for non-human biota calculations
cR_Lake_amph_NHB Concentration ratio between lake water and amphibians kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_bent_fish_NHB Concentration ratio between lake water and benthic fish kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_bird_NHB Concentration ratio between lake water and birds kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_bivalve_NHB Concentration ratio between lake water and bivalves kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_crust_NHB Concentration ratio between lake water and crustaceans kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_Fish_NHB Concentration ratio between lake water and fish kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_gastr_NHB Concentration ratio between lake water and gastropods kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_ins_larvae_NHB Concentration ratio between lake water and insect larvae kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_mammal_NHB Concentration ratio between lake water and mammals kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_pel_fish_NHB Concentration ratio between lake water and pelagic fish kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_pp_plank_NHB Concentration ratio between lake water and phytoplankton kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_pp_vasc_NHB Concentration ratio between lake water and vascular plants kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Lake_zoopl_NHB Concentration ratio between lake water and zooplankton kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_bent_fish_NHB Concentration ratio between sea water and benthic fish kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_bent_moll_NHB Concentration ratio between sea water and benthic molluscs kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_bird_NHB Concentration ratio between sea water and birds kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_crust_NHB Concentration ratio between sea water and crustaceans kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_Fish_NHB Concentration ratio between sea water and fish kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_mammal_NHB Concentration ratio between sea water and mammals kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_pel_fish_NHB Concentration ratio between sea water and pelagic fish kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_polych_NHB Concentration ratio between sea water and polychaete worms kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_pp_macro_NHB Concentration ratio between sea water and macrophytes kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_pp_plank_NHB Concentration ratio between sea water and phytoplankton kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_pp_vasc_NHB Concentration ratio between sea water and vascular plants kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Sea_zoopl_NHB Concentration ratio between sea water and zooplankton kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_amph_NHB Concentration ratio between soil and amphibians kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_bird_egg_NHB Concentration ratio between soil and bird eggs kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_bird_NHB Concentration ratio between soil and birds kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_detr_inv_NHB Concentration ratio between soil and detrivorous invertebrates kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_fl_ins_NHB Concentration ratio between soil and flying insects kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_gastr_NHB Concentration ratio between soil and gastropods kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_mammal_large_NHB Concentration ratio between soil and large mammals kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_mammal_small_NHB Concentration ratio between soil and small mammals kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_pp_grass_NHB Concentration ratio between soil, grass and herbs kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_pp_lich_NHB Concentration ratio between soil, lichens and bryophytes kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_pp_NHB Concentration ratio between soil and primary producers kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_pp_shrub_NHB Concentration ratio between soil and shrubs kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_pp_tree_NHB Concentration ratio between soil and trees kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_rept_NHB Concentration ratio between soil and reptiles kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
cR_Ter_soil_inv_NHB Concentration ratio between soil and soil invertebrates kgdw kgfw–1 7.4 Tröjbom et al. 2013 ElementSpecific_NHB.xlsm
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Table A-6. Parameters for aquatic ecosystems. (Time dependent data are presented in Appendix C.)

Parameter Description Unit Chapter in  
parameterreport

Additional 
PSU reference

Delivered in file

biom_pp_macro Biomass of macrobentic community in water per unit surface area kgC m–2 8.6 TimeSeries_converted.xlsm
biom_pp_micro Biomass of microbenthic community in water per unit surface area kgC m–2 8.6 TimeSeries_converted.xlsm
biom_pp_plank Biomass of pelagic community in water per unit surface area kgC m–2 8.6 TimeSeries_converted.xlsm
NPP_macro Net primary production of macrobenthic community in water per unit  

surface area
kgC m–2 year–1 8.6 TimeSeries_converted.xlsm

NPP_micro Net primary production of microbenthic community in water per unit  
surface area

kgC m–2 year–1 8.6 TimeSeries_converted.xlsm

NPP_plank Net primary production of pelagic community in water per unit surface area kgC m–2 year–1 8.6 TimeSeries_converted.xlsm
conc_DIC_lake Concentration of dissolved inorganic carbon in lake water kgC m–3 8.5.2 SiteGeneric_aquatic.xlsm
conc_DIC_sea Concentration of dissolved inorganic carbon in sea water kgC m–3 8.5.2 SiteGeneric_aquatic.xlsm
conc_PM_lake Concentration of suspended matter in lake kgdw m–3 8.5.1 SiteGeneric_aquatic.xlsm
conc_PM_sea Concentration of suspended matter in sea kgdw m–3 8.5.1 SiteGeneric_aquatic.xlsm
f_C_fish Fraction of carbon to dry weight in fish kgC kgdw–1 8.10.1 SiteGeneric_aquatic.xlsm
f_DW_FW_fish_lake Fraction of dry weight to fresh weight for fish in lake kgdw kgfw–1 8.10.1 SiteGeneric_aquatic.xlsm
f_DW_FW_fish_sea Fraction of dry weight to fresh weight in marine fish kgdw kgfw–1 8.10.1 SiteGeneric_aquatic.xlsm
f_H2CO3_lake Fraction of dissolved inorganic carbon in lake water in the form of CO2/

H2CO3

Bq Bq–1 8.8.3 SiteGeneric_aquatic.xlsm

f_H2CO3_sea Fraction of dissolved inorganic carbon in sea water in the form of CO2/
H2CO3

Bq Bq–1 8.8.3 SiteGeneric_aquatic.xlsm

f_refrac_macro_lake Fraction of refractory organic matter of macrobenthic primary producers in 
lake water left after initial mineralization

kgC kgC–1 8.7.2 SiteGeneric_aquatic.xlsm

f_refrac_macro_sea Fraction of refractory organic matter of macrobenthic primary producers in 
sea water left after initial mineralization

kgC kgC–1 8.7.2 SiteGeneric_aquatic.xlsm

f_refrac_micro_lake Fraction of refractory organic matter of microbenthic primary producers in 
lake water left after initial mineralization

kgC kgC–1 8.7.2 SiteGeneric_aquatic.xlsm

f_refrac_micro_sea Fraction of refractory organic matter of microbenthic primary producers in 
sea water left after initial mineralization

kgC kgC–1 8.7.2 SiteGeneric_aquatic.xlsm

f_refrac_plank_lake Fraction of refractory organic matter of pelagic primary producers in lake 
water left after initial mineralization

kgC kgC–1 8.7.2 SiteGeneric_aquatic.xlsm

f_refrac_plank_sea Fraction of refractory organic matter of pelagic primary producers in sea 
water left after initial mineralization

kgC kgC–1 8.7.2 SiteGeneric_aquatic.xlsm

height_ref_aqu Reference height used for defining wind velocity m 8.9 SiteGeneric_aquatic.xlsm
minRate_regoPG_lake Mineralization rate in post-glacial sediments in lake kgC kgC–1 year–1 8.7.3 SiteGeneric_aquatic.xlsm
minRate_regoPG_sea Mineralization rate in post-glacial sediments in sea kgC kgC–1 year–1 8.7.3 SiteGeneric_aquatic.xlsm
minRate_regoUp_lake Mineralization rate in upper regolith in lake kgC kgC–1 year–1 8.7.3 SiteGeneric_aquatic.xlsm
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parameterreport

Additional 
PSU reference

Delivered in file

minRate_regoUp_sea Mineralization rate in upper regolith in sea kgC kgC–1 year–1 8.7.3 SiteGeneric_aquatic.xlsm
minRate_water_PM_lake Mineralization rate in particular matter in lake water kgC kgC–1 year–1 8.7.3 SiteGeneric_aquatic.xlsm
minRate_water_PM_sea Mineralization rate in particular matter in sea water kgC kgC–1 year–1 8.7.3 SiteGeneric_aquatic.xlsm
piston_vel_lake Gas exchange coefficient for lake water in contact with the atmosphere m year–1 8.8.2 SiteGeneric_aquatic.xlsm
piston_vel_sea Gas exchange coefficient for sea water in contact with the atmosphere m year–1 8.8.2 SiteGeneric_aquatic.xlsm
prod_edib_cray_lake Sustainable yield with respect to edible crayfish per unit area in the lake kgC m–2 year–1 8.10.2 SiteGeneric_aquatic.xlsm
prod_edib_fish_lake Sustainable yield with respect to edible fish per unit area in the lake kgC m–2 year–1 8.10.1 SiteGeneric_aquatic.xlsm
prod_edib_fish_sea Sustainable yield with respect to edible fish per unit area in the sea kgC m–2 year–1 8.10.1 SiteGeneric_aquatic.xlsm
solubilityCoef_lake Solubility coefficient for carbon dioxide in lake water (function of 

temperature, salinity etc)
(mol m–3) (mol m–3)–1 8.8.4 SiteGeneric_aquatic.xlsm

solubilityCoef_sea Solubility coefficient for carbon dioxide in sea water (function of 
temperature, salinity etc)

((mol m–3) (mol m–3)–1 8.8.4 SiteGeneric_aquatic.xlsm

vel_wind_height_ref_aqu Wind velocity at reference height m s–1 8.9 SiteGeneric_aquatic.xlsm
z_min_prod_edib_cray_lake Smallest water depth for production of crayfish in lake m 8.10.2 SiteGeneric_aquatic.xlsm
z_min_prod_edib_fish_lake Smallest water depth for production of fish in lake m 8.10.1 SiteGeneric_aquatic.xlsm
z_min_prod_edib_fish_sea Smallest water depth for production of fish in sea m 8.10.1 SiteGeneric_aquatic.xlsm
z_regoUp_lake Depth of the upper oxygenated regolith layer in lake m 8.7.1 SiteGeneric_aquatic.xlsm
z_regoUp_sea Depth of the upper oxygenated regolith layer in sea m 8.7.1 SiteGeneric_aquatic.xlsm



S
K

B
 R

-13-18 
163

Table A-7. Parameters for mire and agricultural ecosystems.

Parameter Description Unit Chapter in  
parameterreport

Additional 
PSU reference

Delivered in file

Mire ecosystem
biom_pp_ter Total biomass of terrestrial primary producers per unit area kgC m–2 9.3 SiteGeneric.xlsm
conc_C_atmos Concentration of carbon in the atmosphere (above the ground) kgC m–3 9.4.1 SiteGeneric.xlsm
conc_Cl_PP_ter Concentration of chlorine in vegetation gCl kgC–1 9.5.1 SiteGeneric.xlsm
conc_Cl_regoUp_ter_D Concentration of dissolved chlorine in the mire gCl m–3 9.5.2 SiteGeneric.xlsm
conc_DIC_regoUp_ter Concentration of dissolved inorganic carbon in oxygenated peat layer of the mire kgC m–3 9.4.2 SiteGeneric.xlsm
conc_Dust_ter Concentration of fine soil particles in air above wetland vegetation kgdw m–3 9.9 SiteGeneric.xlsm
dragCoef Drag coefficient of the canopy Unitless 9.4.10 SiteGeneric.xlsm
f_C_peat Fraction of carbon to dry weight ratio of peat kgC kgdw–1 9.4.4 SiteGeneric.xlsm
f_H2CO3_ter Fraction of dissolved inorganic carbon in peat in the form of CO2/H2CO3 Bq Bq–1 9.4.3 SiteGeneric.xlsm
f_mush_herbiv Fraction of mushrooms in the diet of terrestrial herbivores kgC kgC–1 9.11.7 SiteGeneric.xlsm
f_refrac_ter Fraction of refractory organic material of mire primary producers left after initial 

mineralization
kgC kgC–1 9.7.1 SiteGeneric.xlsm

f_rootUptake Fraction of carbon in newly synthesized biomass assimilated via root uptake kgC kgC–1 9.4.5 SiteGeneric.xlsm
height_CA_ter Height from the ground of the canopy layer in a mire m 9.4.9 SiteGeneric.xlsm
height_L1_ter Height from the ground of the first above-canopy layer m 9.4.10 SiteGeneric.xlsm
height_L2_ter Height from the ground of the second above-canopy layer m 9.4.10 SiteGeneric.xlsm
height_ref_ter Reference height used for defining wind velocity m 9.4.8 SiteGeneric.xlsm
karman_const Von Karman constant Unitless 9.4.10 SiteGeneric.xlsm
LAI_ter Ratio of total upper leaf surface of vegetation divided by the surface area of the mire on 

which the vegetation grows (Leaf Area Index)
m2 m–2 9.4.10 SiteGeneric.xlsm

leaf_width_ter Leaf width of terrestrial vegetation m 9.4.10 SiteGeneric.xlsm
minRate_regoPeat Mineralization rate in peat year–1 9.7.1 ObejcSpecific.xlsm
minRate_regoPG_ter Mineralization rate in terrestrial post-glacial sediments kgC kgC–1 year–1 9.7.1 SiteGeneric.xlsm
minRate_regoUp_ter Mineralization rate in upper terrestrial regolith kgC kgC–1 year–1 9.7.1 SiteGeneric.xlsm
NPP_ter Total net primary production (above and below ground)  in terrestrial ecosystem kgC m–2 year–1 9.3 SiteGeneric.xlsm
piston_vel_ter Gas exchange coefficient for peat pore water in contact with the atmosphere m year–1 9.4.6 SiteGeneric.xlsm
prod_edib_berry Sustainable yield with respect to edible berries per unit area kgC m–2 year–1 9.10.1 SiteGeneric.xlsm
prod_edib_game Sustainable yield with respect to edible game per unit area kgC m–2 year–1 9.10.2 SiteGeneric.xlsm
prod_edib_mush Sustainable yield with respect to edible mushrooms per unit area kgC m–2 year–1 9.10.3 SiteGeneric.xlsm
solubilityCoef_ter Solubility coefficient for carbon dioxide in pore water (mol m–3) (mol m–3)–1 9.4.7 SiteGeneric.xlsm
vel_wind_height_ref_ter Wind velocity at reference height m s–1 9.4.8 SiteGeneric.xlsm
z_regoUp_ter Depth of oxygenated and biologically active peat layer m 9.5 SiteGeneric.xlsm
df_decomp is the fraction of the radionuclide that is available for release through mineralisation of labile 

organic matter
9.6.3 ElementSpecific2.xlsx

Agricultural ecosystem (common parameters for all agricultural societies
height_CA_cereal Height from the ground of the canopy layer for cereal m 9.4.9 SiteGeneric.xlsm
height_CA_fodder Height from the ground of the canopy layer for fodder m 9.4.9 SiteGeneric.xlsm
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height_CA_tuber Height from the ground of the canopy layer for tuber m 9.4.9 SiteGeneric.xlsm
LAI_cereal Ratio of total upper leaf surface of vegetation divided by the surface area of the agricultural 

lands on which the vegetation grows (Leaf Area Index)
m2 m–2 9.4.10 SiteGeneric.xlsm

LAI_fodder Ratio of total upper leaf surface of vegetation divided by the surface area of the agricultural 
lands on which the vegetation grows (Leaf Area Index)

m2 m–2 9.4.10 SiteGeneric.xlsm

LAI_tuber Ratio of total upper leaf surface of vegetation divided by the surface area of the agricultural 
lands on which the vegetation grows (Leaf Area Index)

m2 m–2 9.4.10 SiteGeneric.xlsm

leaf_width_cereal Leaf width of cereal m 9.4.10 SiteGeneric.xlsm
leaf_width_fodder Leaf width of fodder m 9.4.10 SiteGeneric.xlsm
leaf_width_tuber Leaf width of tubers m 9.4.10 SiteGeneric.xlsm
ingRate_C_cattle Daily energy demand for cattle expressed in units of carbon kgC day–1 9.11.1 SiteGeneric.xlsm
ingRate_soil_cattle Daily ingestion rate for a cow of soil kgdw day–1 9.11.2 SiteGeneric.xlsm
ingRate_water_cattle Daily ingestion rate of water by cattle m3 day–1 9.11.3 SiteGeneric.xlsm
conc_C_meat Concentration of carbon in meat kgC kgfw–1 9.11.6 SiteGeneric.xlsm
conc_C_milk Concentration of carbon in milk kgC kgfw–1 9.11.5 SiteGeneric.xlsm
dens_milk Density of milk kgfw L–1 9.11.4 SiteGeneric.xlsm
dens_water Density of water kg m–3 SiteGeneric.xlsm

Drained mire
biom_cereal Yield as biomass of cereal per unit area at end of vegetation period (drained mire) kgC m–2 9.9 SiteGeneric.xlsm
biom_fodder Yield as biomass of fodder per unit area at end of vegetation period (drained mire) kgC m–2 9.9 SiteGeneric.xlsm
biom_tuber Yield as biomass of tuber per unit area at end of vegetation period (drained mire) kgC m–2 9.9 SiteGeneric.xlsm
conc_DIC_regoUp Concentration of dissolved inorganic carbon in cultivated peat layer kgC m–3 9.4.2 SiteGeneric.xlsm
conc_Dust Concentration of fine soil particles in air above agricultural land kgdw m–3 9.8 SiteGeneric.xlsm
Flux_water_satSoil_agri Water flux from saturated to unsaturated zone growing cereals m3 m–2 year–1 9.6.2 SiteGeneric.xlsm
minRate Mineralization rate for cultivated peat kgC kgC–1 year–1 9.7.1 SiteGeneric.xlsm
NPP_cereal Total net primary production (above and below ground) of cereal in cultivated peat kgC m–2 year–1 9.9 SiteGeneric.xlsm
NPP_fodder Total net primary production (above and below ground)  of fodder in cultivated peat kgC m–2 year–1 9.9 SiteGeneric.xlsm
NPP_tuber Total net primary production (above and below ground)  of tuber in cultivated peat kgC m–2 year–1 9.9 SiteGeneric.xlsm
percolation_agri Downward flux of water from peaty soil under industrial agricultural practices m3 m–2 year–1 9.6.1 SiteGeneric.xlsm
z_drain_agri Trenching depth after compactation m 9.5 SiteGeneric.xlsm

Garden plot
amount_irrig Total amount of water used for all irrigation events during the vegetation period m3 m–2 year–1 9.12.2 SiteGeneric.xlsm
biom_tuber Yield as biomass of tuber per unit area at end of vegetation period (Garden plot) kgC m–2 9.9 SiteGeneric.xlsm
biom_veg Yield as biomass of vegetables per unit area at end of vegetation period (modern kitchen 

garden)
kgC m–2 9.9 SiteGeneric.xlsm

conc_DIC_regoUp Concentration of dissolved inorganic carbon in modern kitchen garden kgC m–3 9.4.2 SiteGeneric.xlsm
conc_Dust Concentration of fine soil particles in air above modern kitchen garden kgdw m–3 9.8 SiteGeneric.xlsm
f_area_tuber Fraction of area used for tuber m2 m–2 11.7 SiteGeneric.xlsm
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f_area_veg Fraction of area used for vegetables m2 m–2 11.7 SiteGeneric.xlsm
height_CA_veg Height from the ground of the canopy layer for vegetables m 9.4.9 SiteGeneric.xlsm
LAI_veg Leaf area index for leafy vegetables m2 m–2 9.4.10 SiteGeneric.xlsm
leaf_width_veg Leaf width of vegetables m 9.4.10 SiteGeneric.xlsm
LeafStoreCapacy_tuber Leaf storage capacity for tubers m3 m–2 9.12.3 SiteGeneric.xlsm
LeafStoreCapacy_veg Leaf storage capacity for leafy vegetables m3 m–2 9.12.3 SiteGeneric.xlsm
minRate Mineralization rate for agricultural soils (modern kitchen garden) kgC kgC–1 year–1 9.7.1 SiteGeneric.xlsm
N_irrig Number of irrigation events year–1 9.12.5 SiteGeneric.xlsm
NPP_ag_veg The above-ground net primary production for vegetables in the garden plot kgC m–2 year–1 9.11 SiteGeneric.xlsm
NPP_tuber Total net primary production (above and below ground)  of tuber in garden plot kgC m–2 year–1 9.9 SiteGeneric.xlsm
NPP_veg Total net primary production (above and below ground)  of vegetables kgC m–2 year–1 9.9 SiteGeneric.xlsm
percolation_agri Downward flux of water from light soil under early agricultural practices m3 m–2 year–1 9.6.1 SiteGeneric.xlsm
time_vegPeriod Time of vegetation period year year–1 9.12.6 SiteGeneric.xlsm
washoffCoef Removal of deposited radionuclides from the plant leaf surface year–1 9.12.4 SiteGeneric.xlsm
z_regoUp Depth of agricultural soils in a modern kitchen garden m 9.5 SiteGeneric.xlsm

Infield-outland
biom_cereal Yield as biomass of cereal per unit area at end of vegetation period (inland-outfield) kgC m–2 9.9 SiteGeneric.xlsm
conc_DIC_regoUp Concentration of dissolved inorganic carbon in the biologically active peat layer kgC m–3 9.4.2 SiteGeneric.xlsm
conc_Dust Concentration of fine soil particles in air above sandy soils of agricultural land kgdw m–3 9.8 SiteGeneric.xlsm
demand_hay Demand of winter fodder for organic fertilization in the infield-outland system kgC m–2 year–1 11.9 SiteGeneric.xlsm
f_loss_orgFert Fraction of the original activity concentration in hay remaining when manure is applied to 

arable land
Bq Bq–1 9.11.8 SiteGeneric.xlsm

minRate Mineralization rate associated with organic fertilizer kgC kgC–1 year–1 9.7.1 SiteGeneric.xlsm
NPP_cereal Total net primary production (above and below ground)  of cereal in sandy soils kgC m–2 year–1 9.9 SiteGeneric.xlsm
percolation_agri Downward flux of water from soil under modern practice m3 m–2 year–1 9.6.1 SiteGeneric.xlsm
z_regoUp Depth of agricultural soils in early agricultural societies m 9.5 SiteGeneric.xlsm

Combustion parameters
f_C_wood Fraction Carbon to dry weight of fire wood producing terrestrial primary producers, e.g. stem 

wood of Norway spruce
kgC kgdw–1 9.13.8 SiteGeneric.xlsm

fuel_cons_peat the yearly consumption of peat fuel to produce 20 000 kWh kgdw year–1 9.13.9 SiteGeneric.xlsm
fuel_cons_wood the yearly consumption of wood fuel in dry weight to produce 20 000 kWh kgdw year–1 9.13.8 SiteGeneric.xlsm
area_support_wood the area supporting a house-holds need of fire wood for heating (corresponding to 

20,000 kWh year-1) per individual
m2 ind–1 9.13.8 SiteGeneric.xlsm

demand_peat the mass of peat needed to heat a house-hold over a 50-year period (corresponding to 
20,000 kWh year-1) per individual

kgdw ind–1 9.13.9 SiteGeneric.xlsm

demand_AlgFertil Demand algea for organic fertilization in the infield-outland system kgC m–2 year–1 9.13.7 SiteGeneric.xlsm
f_combust is the fraction of the fuel inventory that ends up in fly ash and gas after combustion of wood 

or peat
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Table A-8. Human characteristics

Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

ingRate_C Yearly energy demand for an adult individual in units of carbon kgC year–1 10.4 SiteGeneric.xlsm
ingRate_water Human ingestion rate of water per year m3 year–1 10.3 SiteGeneric.xlsm
inhRate Human inhalation rate of volume air m3 h–1 10.5 SiteGeneric.xlsm

Drained mire
time_exposure Time spent outdoor in contact with contaminated ground (arable land) in an industrial age agricultural 

system
h year–1 10.12 SiteGeneric.xlsm

N_group Number of individuals in the most exposed industrial agricultural group unitless 10.10 SiteGeneric.xlsm
f_diet_tuber Fraction of the yearly energy demand that is covered by consumption of tuber kgC kgC–1 10.7 SiteGeneric.xlsm
f_diet_milk Fraction of the yearly energy demand that is covered by consumption of milk kgC kgC–1 10.7 SiteGeneric.xlsm
f_diet_meat Fraction of the yearly energy demand that is covered by consumption of meat kgC kgC–1 10.7 SiteGeneric.xlsm
f_diet_cereal Fraction of the yearly energy demand that is covered by consumption of cereal kgC kgC–1 10.7 SiteGeneric.xlsm
f_area_tuber Fraction of area used for tuber m2 m–2 10.7 SiteGeneric.xlsm
f_area_fodder Fraction of area used for fodder m2 m–2 10.7 SiteGeneric.xlsm
f_area_cereal Fraction of area used for cereal m2 m–2 10.7 SiteGeneric.xlsm
area_support Drained wetland area required to support the energy demand of an individual of the most exposed 

group (drained mire)
m2 10.8 SiteGeneric.xlsm

Hunter gatherer
time_exposure Time spent in contact with contaminated ground (camp ground) in a hunting gathering community h year–1 10.12 SiteGeneric.xlsm
N_group Number of individuals in the most exposed hunter and gatherer group unitless 10.10 SiteGeneric.xlsm
f_diet_fish_max Fraction of fish in diet corresponding to the maximum healthy protein consumption kgC kgC–1 10.11 SiteGeneric.xlsm

Garden plot
time_exposure Time spent outdoor in contact with garden plot contaminated by irrigation water h year–1 10.12 SiteGeneric.xlsm
N_group Number of individuals in the most exposed group using a garden plot unitless 10.10 SiteGeneric.xlsm
f_diet_veg Fraction of the yearly energy demand that is covered by consumption of vegetables kgC kgC–1 10.6 SiteGeneric.xlsm
f_diet_tuber Fraction of the yearly energy demand that is covered by consumption of tuber kgC kgC–1 10.6 SiteGeneric.xlsm
area Area of agricultural land used to support one individuals need for vegetables m2 9.14.1 SiteGeneric.xlsm

Infield-outland
time_exposure Time spent outdoor in contact with contaminated ground (mire and arabale) in an infield outland 

agricultural system
h year–1 10.12 SiteGeneric.xlsm

N_group Number of individuals in the most exposed early agricultural group unitless 10.10 SiteGeneric.xlsm
f_time_hay Fraction of time spent working on collecting hay in contaminated wetland in an infield outland 

agricultural system
year year–1 10.12 SiteGeneric.xlsm

f_time_agri Fraction of time spent working on arable land in an infield outland agricultural system year year–1 10.12 SiteGeneric.xlsm
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Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

f_meadow Contribution of hay (winter fodder) to the yearly fodder demand unitless 10.9 SiteGeneric.xlsm
f_diet_milk Fraction of the yearly energy demand that is covered by consumption of milk kgC kgC–1 10.6 SiteGeneric.xlsm
f_diet_meat Fraction of the yearly energy demand that is covered by consumption of meat kgC kgC–1 10.6 SiteGeneric.xlsm
f_diet_cereal Fraction of the yearly energy demand that is covered by consumption of cereal kgC kgC–1 10.6 SiteGeneric.xlsm
area_support Mire area required to support winter fodder for the livestock associated with an individual of the most 

exposed group
m2 10.8 SiteGeneric.xlsm

area Area of agricultural land used to support one individual of the most exposed group (infield-outland) m2 10.9 SiteGeneric.xlsm
demand_hay Demand of winter fodder for organic fertilization in the infield-outland system kgC m–2 year–1 10.9 SiteGeneric.xlsm
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Table A-9. Parameter used for non-human biota.

Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

f_DW_org Fraction dry weight (kgdw) in organism (kgfw) kgdw kgfw–1 11.7 OrganismSrecific_NHB.xlsm
f_C_org Fraction carbon (kgC) in organism (kgfw) kgdw kgfw–1 11.6 OrganismSrecific_NHB.xlsm
OCC Occupancy factor for organism in habitat unitless 11.4 OrganismSrecific_NHB.xlsm
w_alpha Weighting factor of internal alpha for the radionuclide i. unitless 11.5 RadionuclideSpecific_NHB..xlsm
w_beta_gamma Weighting factor of internal beta gamma for the radionuclide i. unitless 11.5 RadionuclideSpecific_NHB..xlsm
w_low_beta Weighting factor of internal low energy beta for the radionuclide i. unitless 11.5 RadionuclideSpecific_NHB..xlsm

Table A-10. Dose coefficient for non-human biota assessment. (The dose coefficients are presented in Appendix E.)

Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

All organisms
DCC_int_alpha DCC for internal exposure from alpha radiation (µGy h–1)/(Bq kgfw–1) 11.3 RadionuclideSpecific_NHB.xlsx
DCC_int_beta_gamma DCC for internal exposure from beta/gamma radiation (µGy h–1)/(Bq kgfw–1) 11.3 RadionuclideSpecific_NHB.xlsx
DCC_int_low_beta DCC for internal exposure from low beta radiation (µGy h–1)/(Bq kgfw–1) 11.3 RadionuclideSpecific_NHB.xlsx

Terrestrial organisms
DCC_ext_in_air_beta_gamma DCC for external exposure from beta/gamma radiation 

in air in terrestrial ecosystems
(µGy h–1)/(Bq m–3) 11.3 RadionuclideSpecific_NHB.xlsx

DCC_ext_in_soil_beta_gamma DCC for external exposure from beta/gamma radiation 
in soil in terrestrial ecosystems

(µGy h–1)/(Bq kgdw–1) 11.3 RadionuclideSpecific_NHB.xlsx

DCC_ext_on_soil_beta_gamma DCC for external exposure from beta/gamma radiation 
on soil in terrestrial ecosystems

(µGy h–1)/(Bq kgdw–1) 11.3 RadionuclideSpecific_NHB.xlsx

Aquatic organisms
DCC_ext_low_beta DCC for external exposure from low beta radiation in 

aquatic ecosystems
(µGy h–1)/(Bq L–1) 11.3 RadionuclideSpecific_NHB.xlsx

DCC_ext_beta_gamma DCC for external exposure from beta/gamma radiation 
in aquatic ecosystems

(µGy h–1)/(Bq L–1) 11.3 RadionuclideSpecific_NHB.xlsx
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Table A-11. Alternative calculation cases.

Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

Well in discharge plum
q_well Drilled well water extraction rate m3 year–1 12.1.1 Werner et al. (2013) SiteGeneric.xlsm
well_interaction_area m 12.1.2 Werner et al. (2013) RepositoryBiosphereInterface.xlsx
p_well_interaction_area unitless 12.1.2 Werner et al. (2013) RepositoryBiosphereInterface.xlsx
f_well_agri is the fraction of the release going to the well unitless 12.1.4 Werner et al. (2013) RepositoryBiosphereInterface.xlsx
f_well_interaction unitless 12.1.3 Werner et al. (2013) RepositoryBiosphereInterface.xlsx

Distibute release
f_release Fraction of release object (Bq year–1) (Bq year–1) –1 12.2 f_release.xlsx

Alternative object delineation 
area_obj m 12.3 AreaSensitivity/params.xlsx
minRate_regoPeat kgC kgC–1 year–1 12.3 AreaSensitivity/params.xlsx
z_regoGL m 12.3 AreaSensitivity/params.xlsx
z_regoLow m 12.3 AreaSensitivity/params.xlsx
q_downstream_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_downstream_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_gl_low_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_gl_low_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_gl_pg_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_gl_pg_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_low_gl_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_low_gl_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_peat_pg_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_peat_pg_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_peat_up_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_peat_up_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_pg_gl_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_pg_gl_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_pg_peat_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_pg_peat_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_up_peat_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_up_peat_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
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Parameter Description Unit Chapter in  
parameterreport

Additional  
PSU reference

Delivered in file

q_up_wat_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_up_wat_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_wat_up_ter_end m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx
q_wat_up_ter_iso m3 m–2 year–1 12.3 Werner et al. (2013) AreaSensitivity/params.xlsx

Timedependent AreaSensitivity/params.xlsx
area_obj_ter m2 12.3 AreaSensitivity/params.xlsx
z_regoPG_ter m 12.3 AreaSensitivity/params.xlsx
WF_lobj157_1 m3 year–1 AreaSensitivity/params.xlsx
Ter_growth  m2 year–1 12.3 AreaSensitivity/params.xlsx
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Appendix B

Parameters altered in climate calculation cases

Table B-1. Parameters in this table are altered in the climate calculation case extended global warming.

Parameter Description Unit Chapter in 
parameterreport

Appendix in 
parameterreport

Additional PSU 
reference

Delivered in file

Mire and agricultural parameters
biom_cereal (Drained_mire) Yield as biomass of cereal per unit area at end of 

vegetation period (drained mire)
kgC m–2 9.9 WarmerClimate/SiteGeneric.xlsm

biom_fodder (Drained_mire) Yield as biomass of fodder per unit area at end of 
vegetation period (drained mire)

kgC m–2 9.9 WarmerClimate/SiteGeneric.xlsm

biom_tuber (Drained_mire) Yield as biomass of tuber per unit area at end of 
vegetation period (drained mire)

kgC m–2 9.9 WarmerClimate/SiteGeneric.xlsm

NPP_cereal (Drained_mire) Total net primary production (above and below ground) 
of cerial in cultivated peat

kgC m–2 year–1 9.10 WarmerClimate/SiteGeneric.xlsm

NPP_fodder (Drained_mire) Total net primary production (above and below ground) 
of fodder in cultivated peat

kgC m–2 year–1 9.10 WarmerClimate/SiteGeneric.xlsm

NPP_tuber (Drained_mire) Total net primary production (above and below ground) 
of tuber in cultivated peat

kgC m–2 year–1 9.10 WarmerClimate/SiteGeneric.xlsm

biom_pp_ter Total biomass of terrestrial primary producers per unit 
area

kgC m–2 9.3 WarmerClimate/SiteGeneric.xlsm

conc_C_atmos Concentration of carbon in the atmosphere (above the 
ground)

kgC m–3 9.4 WarmerClimate/SiteGeneric.xlsm

LAI_cereal Ratio of total upper leaf surface of vegetation divided by 
the surface area of the agricultural lands on which the 
vegetation grows (Leaf Area Index)

m2 m–2 9.4.10 WarmerClimate/SiteGeneric.xlsm

LAI_ter Ratio of total upper leaf surface of vegetation divided 
by the surface area of the mire on which the vegetation 
grows (Leaf Area Index)

m2 m–2 9.4.10 WarmerClimate/SiteGeneric.xlsm

NPP_ter Total net primary production (above and below ground) 
in terrestrial ecosystem

kgC m–2 year–1 9.3 WarmerClimate/SiteGeneric.xlsm

piston_vel_ter Gas exchange coefficient for peat pore water in contact 
with the atmosphere

m year–1 9.4.6 WarmerClimate/SiteGeneric.xlsm

Hydrological flows
q_downstream_end Water flux from water column downstream in stream 

phase
m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm
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Parameter Description Unit Chapter in 
parameterreport

Appendix in 
parameterreport

Additional PSU 
reference

Delivered in file

q_downstream_iso Water flux from water column downstream in lake 
phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_low_lake Water flux from glacial clay layer to lower regolith for 
aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_low_sea Water flux from glacial clay layer to lower regolith in 
marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_low_ter_end Water flux from glacial clay layer to lower regolith for 
terrestrial part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_low_ter_iso Water flux from glacial clay layer to lower regolith for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_pg_lake Water flux from glacial clay to post glacial clay layer for 
aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_pg_sea Water flux from glacial clay to post glacial clay layer in 
marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_pg_ter_end Water flux from glacial clay to post glacial clay layer for 
terrestrial part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_gl_pg_ter_iso Water flux from glacial clay to post glacial clay layer for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_low_gl_lake Water flux from lower regolith to glacial clay layer for 
aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_low_gl_sea Water flux from lower regolith to glacial clay layer in 
marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_low_gl_ter_end Water flux from lower regolith to glacial clay layer for 
terrestrial part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_low_gl_ter_iso Water flux from lower regolith to glacial clay layer for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_peat_pg_ter_end Water flux from peat to post glacial clay layer for 
terrestrial part in mire phase

m3 m–2 year–11 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_peat_pg_ter_iso Water flux from peat to post glacial clay layer for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_peat_up_ter_end Water flux from peat to upper peat layer for terrestrial 
part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_peat_up_ter_iso Water flux from peat to upper peat layer for terrestrial 
part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_pg_gl_lake Water flux from post glacial clay to glacial clay layer for 
aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_pg_gl_sea Water flux from post glacial clay to glacial clay layer in 
marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm
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Parameter Description Unit Chapter in 
parameterreport

Appendix in 
parameterreport

Additional PSU 
reference

Delivered in file

q_pg_gl_ter_end Water flux from post glacial clay to glacial clay layer for 
terrestrial part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_pg_gl_ter_iso Water flux from post glacial clay to glacial clay layer for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_pg_peat_ter_end Water flux from post glacial clay to peat layer for 
terrestrial part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_pg_peat_ter_iso Water flux from post glacial clay to peat layer for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_pg_up_lake Water flux from post glacial clay to upper sediment layer 
for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_pg_up_sea Water flux from post glacial clay to upper sediment layer 
in marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_peat_ter_end Water flux from upper peat to peat layer for terrestrial 
part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_peat_ter_iso Water flux from upper peat to peat layer for terrestrial 
part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_pg_lake Water flux from upper sediment to post glacial clay layer 
for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_pg_sea Water flux from upper sediment to post glacial clay layer 
in marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_wat_lake Water flux from upper sediment layer to water column 
for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_wat_sea Water flux from upper sediment layer to water column in 
marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_wat_ter_end Water flux from upper peat layer to water column for 
terrestrial part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_up_wat_ter_iso Water flux from upper peat layer to water column for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_wat_up_lake Water flux from water column to upper sediment layer 
for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_wat_up_sea Water flux from water column to upper sediment layer in 
marine phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_wat_up_ter_end Water flux from water column to upper peat layer for 
terrestrial part in mire phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm

q_wat_up_ter_iso Water flux from water column to upper peat layer for 
terrestrial part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 WarmerClimate/q_flux.xlsm
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Table B-2. Parameters in this table are altered in the climate calculation early periglacial climate case. 

Parameter Description Unit Chapter in 
parameterreport

Appendix in 
parameterreport

Additional PSU 
reference

Delivered in file

Aquatic ecosystem

prod_edib_cray_lake Sustainable yield with respect to edible 
crayfish per unit area in the lake

kgC m–2 year–1 8.9.2 ColderClimate/SiteGeneric_aquatic.xlsm

prod_edib_fish_lake Sustainable yield with respect to edible fish 
per unit area in the lake

kgC m–2 year–1 8.9.1 ColderClimate/SiteGeneric_aquatic.xlsm

Mire ecosystem
biom_pp_ter Total biomass of terrestrial primary producers 

per unit area
kgC m–2 9.3 ColderClimate/SiteGeneric.xlsm

conc_C_atmos Concentration of carbon in the atmosphere 
(above the ground)

kgC m–3 9.4.1 ColderClimate/SiteGeneric.xlsm

NPP_ter Total net primary production (above and below 
ground) in terrestrial ecosystem

kgC m–2 year–1 9.3 ColderClimate/SiteGeneric.xlsm

piston_vel_ter Gas exchange coefficient for peat pore water 
in contact with the atmosphere

m year–1 9.4.6 ColderClimate/SiteGeneric.xlsm

solubilityCoef_ter Solubility coefficient for carbon dioxide in pore 
water of the upper peat layer

(mol m–3) (mol m–3)–1 9.4.7 ColderClimate/SiteGeneric.xlsm

minRate_regoUp_ter Mineralization rate of refractory organic 
carbon in oxic terrestrial regolith

kgC kgC–1 year–1 9.7.1 ColderClimate/SiteGeneric.xlsm

Parameters for object 157_1 
q_downstream_end Water flux from object downstream in 

perglacial phase
m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_low_gl_ter_end Water flux from lower regolith to glacial clay 
layer for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_gl_low_ter_end Water flux from glacial clay layer to lower 
regolith for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_gl_pg_ter_end Water flux from glacial clay to post glacial clay 
layer for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_pg_gl_ter_end Water flux from post glacial clay to glacial clay 
layer for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_up_wat_ter_end Water flux from upper peat layer to water 
column for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_wat_up_ter_end Water flux from water column to upper peat 
layer for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_pg_peat_ter_end Water flux from post glacial clay to peat layer 
for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx
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Parameter Description Unit Chapter in 
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Appendix in 
parameterreport

Additional PSU 
reference

Delivered in file

q_peat_pg_ter_end Water flux from peat to post glacial clay layer 
for terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_peat_up_ter_end Water flux from peat to upper peat layer for 
terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_up_peat_ter_end Water flux from upper peat to peat layer for 
terrestrial part in perglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_low_gl_lake Water flux from lower regolith to glacial clay 
layer for aquatic part in periglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_gl_low_lake Water flux from glacial clay layer to lower 
regolith for aquatic part in periglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_gl_pg_lake Water flux from glacial clay to post glacial clay 
layer for aquatic part in periglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_pg_gl_lake Water flux from post glacial clay to glacial clay 
layer for aquatic part in periglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_pg_up_lake Water flux from post glacial clay to upper 
sediment layer for aquatic part in periglacial 
phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_up_pg_lake Water flux from upper sediment to post glacial 
clay layer for aquatic part in periglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_up_wat_lake Water flux from upper sediment layer to water 
column for aquatic part in periglacial phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

q_wat_up_lake Water flux from water column to upper 
sediment layer for aquatic part in periglacial 
phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj157_1.xlsx

sed_rate Gross sedimentation rate per unit surface area m year–1 4.5.3 ColderClimate/lobj157_1.xlsx
res_rate Gross resuspension rate per unit surface area m year–1 4.5.2 ColderClimate/lobj157_1.xlsx

Parameters for object 114
z_regoLow Average depth of regolow (till and filling) m 4.6 ColderClimate/lobj114.xlsm
z_regoGL Depth of glacial clay m 4.6 ColderClimate/lobj114.xlsm
z_regoPG_aqu Depth of terrestrial post-glacial sediments m 4.6 ColderClimate/lobj114.xlsm
z_water Average depth of water m 4.6 ColderClimate/lobj114.xlsm
area_obj Area of the lake object m2 4.6 ColderClimate/lobj114.xlsm
area_obj_aqu Surface area of aquatic object m2 4.6 ColderClimate/lobj114.xlsm
area_obj_ter Surface area of terrestrial object m2 4.6 ColderClimate/lobj114.xlsm
q_low_gl_lake Water flux from lower regolith to glacial clay 

layer for aquatic part in limnic phase
m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

q_gl_low_lake Water flux from glacial clay layer to lower 
regolith for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm
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q_gl_pg_lake Water flux from glacial clay to post glacial clay 
layer for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

q_pg_gl_lake Water flux from post glacial clay to glacial clay 
layer for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

q_pg_up_lake Water flux from post glacial clay to upper 
sediment layer for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

q_up_pg_lake Water flux from upper sediment to post glacial 
clay layer for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

q_up_wat_lake Water flux from upper sediment layer to water 
column for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

q_wat_up_lake Water flux from water column to upper 
sediment layer for aquatic part in limnic phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

q_downstream_end Water flux from water column downstream in 
stream phase

m3 m–2 year–1 6.4 Appendix D Werner et al. 2013 ColderClimate/lobj114.xlsm

biom_pp_macro Biomass of macrobentic community in water 
per unit surface area

kgC m–2 8.6 ColderClimate/lobj114.xlsm

biom_pp_micro Biomass of microbenthic community in water 
per unit surface area

kgC m–2 8.6 ColderClimate/lobj114.xlsm

biom_pp_plank Biomass of pelagic community in water per 
unit surface area

kgC m–2 8.6 ColderClimate/lobj114.xlsm

NPP_macro Net primary production of macrobenthic 
community in water per unit surface area

kgC m–2 year–1 8.6 ColderClimate/lobj114.xlsm

NPP_micro Net primary production of microbenthic 
community in water per unit surface area

kgC m–2 year–1 8.6 ColderClimate/lobj114.xlsm

NPP_plank Net primary production of pelagic community 
in water per unit surface area

kgC m–2 year–1 8.6 ColderClimate/lobj114.xlsm

res_rate Gross resuspension rate per unit surface area m year–1 4.5 ColderClimate/lobj114.xlsm
sed_rate Gross sedimentation rate per unit surface area m year–1 4.5 ColderClimate/lobj114.xlsm
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Appendix C

Time-dependent parameters

Table C-1. Time-dependent parameters for object 116. 
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–8500 1.02E+07 0 0 1.39E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–8000 1.02E+07 0 0 1.12E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7500 1.02E+07 0 0 9.05E+01 1.95E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7000 1.02E+07 0 0 8.17E+01 2.97E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6500 1.02E+07 0 0 7.95E+01 1.22E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6000 1.02E+07 0 0 7.66E+01 1.25E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5500 1.02E+07 0 0 7.25E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5000 1.02E+07 0 0 6.77E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4500 1.02E+07 0 0 6.24E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4000 1.02E+07 0 0 5.71E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3500 1.02E+07 0 0 5.18E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3000 1.02E+07 0 0 4.67E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2500 1.02E+07 0 0 4.17E+01 1.26E–04 1.26E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2000 1.02E+07 0 0 3.72E+01 1.82E–04 1.82E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1500 1.02E+07 0 0 3.30E+01 3.28E–04 3.28E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1000 1.02E+07 0 0 2.91E+01 4.60E–04 4.60E–04 0 0 0 3.80E–04 0 0 3.61E–02
–500 1.02E+07 0 0 2.54E+01 5.07E–04 5.07E–04 0 0 0 3.80E–04 0 0 3.61E–02

0 1.02E+07 0 0 2.19E+01 7.37E–04 7.37E–04 0 0 0 3.80E–04 0 0 3.61E–02
500 1.02E+07 0 0 1.92E+01 7.86E–04 7.86E–04 0 0 0 3.65E–04 0 0 3.65E–02

1000 1.02E+07 0 0 1.59E+01 4.51E–04 4.51E–04 0 2.52E–03 6.23E–04 3.02E–04 1.48E–02 1.62E–02 3.02E–02
1500 1.01E+07 0 0 1.28E+01 3.29E–04 3.46E–04 0 4.31E–03 1.25E–03 2.42E–04 2.46E–02 2.28E–02 2.42E–02
2000 9.74E+06 0 0 1.02E+01 2.27E–04 3.42E–04 0 6.69E–03 1.76E–03 1.94E–04 3.73E–02 2.82E–02 1.94E–02
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2500 8.90E+06 0 0 8.05E+00 3.08E–05 2.32E–04 0 9.69E–03 2.19E–03 1.53E–04 5.29E–02 3.27E–02 1.53E–02
3000 7.46E+06 0 0 6.41E+00 4.82E–05 1.66E–04 0 1.29E–02 2.52E–03 1.22E–04 6.92E–02 3.61E–02 1.22E–02
3500 6.05E+06 0 0 4.65E+00 1.18E–04 1.35E–04 0 1.74E–02 2.87E–03 8.84E–05 9.21E–02 3.98E–02 8.84E–03
4000 4.70E+06 0 3.74E–01 0 2.84E+00 1.80E–04 1.29E–04 5.50E+02 2.37E–02 3.23E–03 5.40E–05 1.24E–01 4.36E–02 5.40E–03
4500 1.74E+06 4.59E–01 1.45E+00 6.64E–04 1.24E–04  2.21E–02 3.80E–03 8.18E–05 8.64E–02 5.53E–02 2.43E–02
4600 1.00E+06 3.30E+05 5.06E–01 4.81E–01 2.03E+00 8.06E–05 1.23E–04 2.32E+02 2.21E–02 3.80E–03 8.12E–05 8.65E–02 5.53E–02 2.43E–02
4700 9.82E+05 3.53E+05 5.40E–01 4.84E–01 2.02E+00 2.20E–04 3.37E–04 1.92E+02 2.21E–02 3.80E–03 8.12E–05 8.65E–02 5.53E–02 2.43E–02
4800 9.63E+05 3.72E+05 5.72E–01 4.92E–01 2.00E+00 2.20E–04 3.36E–04 1.92E+02 2.21E–02 3.80E–03 8.04E–05 8.66E–02 5.54E–02 2.43E–02
4900 9.44E+05 3.92E+05 6.05E–01 4.97E–01 1.98E+00 2.19E–04 3.34E–04 1.92E+02 2.21E–02 3.81E–03 7.96E–05 8.66E–02 5.54E–02 2.43E–02
5000 9.25E+05 4.11E+05 6.38E–01 5.03E–01 1.96E+00 2.18E–04 3.33E–04 1.92E+02 2.22E–02 3.81E–03 7.88E–05 8.67E–02 5.55E–02 2.43E–02
5100 9.06E+05 4.30E+05 6.72E–01 5.08E–01 1.94E+00 2.16E–04 3.31E–04 1.92E+02 2.22E–02 3.81E–03 7.80E–05 8.68E–02 5.56E–02 2.43E–02
5200 8.86E+05 4.49E+05 7.07E–01 5.12E–01 1.92E+00 2.15E–04 3.29E–04 1.92E+02 2.22E–02 3.82E–03 7.72E–05 8.69E–02 5.56E–02 2.43E–02
5300 8.67E+05 4.68E+05 7.42E–01 5.16E–01 1.90E+00 2.14E–04 3.27E–04 1.92E+02 2.22E–02 3.82E–03 7.65E–05 8.70E–02 5.57E–02 2.43E–02
5400 8.48E+05 4.88E+05 7.79E–01 5.18E–01 1.88E+00 2.13E–04 3.26E–04 1.92E+02 2.22E–02 3.82E–03 7.57E–05 8.70E–02 5.57E–02 2.43E–02
5500 8.29E+05 5.07E+05 8.18E–01 5.17E–01 1.86E+00 2.12E–04 3.24E–04 1.92E+02 2.22E–02 3.82E–03 7.50E–05 8.70E–02 5.57E–02 2.43E–02
5600 8.10E+05 5.26E+05 8.57E–01 5.19E–01 1.84E+00 2.11E–04 3.23E–04 1.92E+02 2.22E–02 3.82E–03 7.42E–05 8.70E–02 5.57E–02 2.43E–02
5700 7.90E+05 5.45E+05 8.99E–01 5.17E–01 1.82E+00 2.10E–04 3.21E–04 1.92E+02 2.22E–02 3.82E–03 7.35E–05 8.70E–02 5.57E–02 2.43E–02
5800 7.71E+05 5.64E+05 8.81E–01 5.98E–01 1.81E+00 2.08E–04 3.19E–04 1.92E+02 2.22E–02 3.82E–03 7.28E–05 8.70E–02 5.57E–02 2.43E–02
5900 7.52E+05 5.84E+05 8.94E–01 5.92E–01 1.82E+00 1.92E+02 2.22E–02 3.82E–03 7.34E–05 8.70E–02 5.57E–02 2.43E–02
6000 7.33E+05 6.03E+05 9.34E–01 5.92E–01 1.80E+00 2.10E–04 3.20E–04 1.92E+02 2.22E–02 3.82E–03 7.24E–05 8.70E–02 5.57E–02 2.43E–02
6100 7.14E+05 6.22E+05 9.72E–01 5.96E–01 1.78E+00 2.08E–04 3.18E–04 1.92E+02 2.22E–02 3.82E–03 7.16E–05 8.70E–02 5.57E–02 2.43E–02
6200 6.94E+05 6.41E+05 1.01E+00 6.04E–01 1.75E+00 2.06E–04 3.15E–04 1.92E+02 2.22E–02 3.82E–03 7.06E–05 8.70E–02 5.57E–02 2.43E–02
6300 6.75E+05 6.60E+05 1.04E+00 6.17E–01 1.73E+00 2.04E–04 3.13E–04 1.92E+02 2.22E–02 3.82E–03 6.97E–05 8.70E–02 5.57E–02 2.43E–02
6400 6.56E+05 6.80E+05 1.07E+00 6.23E–01 1.71E+00 2.03E–04 3.10E–04 1.92E+02 2.22E–02 3.82E–03 6.88E–05 8.70E–02 5.57E–02 2.43E–02
6500 6.37E+05 6.99E+05 1.11E+00 6.29E–01 1.68E+00 2.01E–04 3.07E–04 1.92E+02 2.22E–02 3.82E–03 6.78E–05 8.70E–02 5.57E–02 2.43E–02
6600 6.18E+05 7.18E+05 1.15E+00 6.41E–01 1.66E+00 1.99E–04 3.04E–04 1.92E+02 2.22E–02 3.82E–03 6.69E–05 8.70E–02 5.57E–02 2.43E–02
6700 5.98E+05 7.37E+05 1.18E+00 6.49E–01 1.64E+00 1.97E–04 3.01E–04 1.92E+02 2.22E–02 3.82E–03 6.60E–05 8.70E–02 5.57E–02 2.43E–02
6800 5.79E+05 7.56E+05 1.21E+00 6.67E–01 1.61E+00 1.95E–04 2.98E–04 1.92E+02 2.22E–02 3.82E–03 6.50E–05 8.70E–02 5.57E–02 2.43E–02
6900 5.60E+05 7.76E+05 1.22E+00 6.90E–01 1.59E+00 1.93E–04 2.95E–04 1.92E+02 2.22E–02 3.82E–03 6.40E–05 8.70E–02 5.57E–02 2.43E–02
7000 5.41E+05 7.95E+05 1.25E+00 7.07E–01 1.56E+00 1.91E–04 2.92E–04 1.92E+02 2.22E–02 3.82E–03 6.30E–05 8.70E–02 5.57E–02 2.43E–02
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7100 5.22E+05 8.14E+05 1.27E+00 7.23E–01 1.54E+00 1.89E–04 2.88E–04 1.92E+02 2.22E–02 3.82E–03 6.20E–05 8.70E–02 5.57E–02 2.43E–02
7200 5.02E+05 8.33E+05 1.29E+00 7.41E–01 1.51E+00 1.86E–04 2.85E–04 1.92E+02 2.22E–02 3.82E–03 6.10E–05 8.70E–02 5.57E–02 2.43E–02
7300 4.83E+05 8.52E+05 1.31E+00 7.58E–01 1.49E+00 1.84E–04 2.81E–04 1.92E+02 2.22E–02 3.82E–03 5.99E–05 8.70E–02 5.57E–02 2.43E–02
7400 4.64E+05 8.72E+05 1.33E+00 7.76E–01 1.46E+00 1.81E–04 2.78E–04 1.92E+02 2.22E–02 3.82E–03 5.88E–05 8.70E–02 5.57E–02 2.43E–02
7500 4.45E+05 8.91E+05 1.35E+00 7.93E–01 1.43E+00 1.79E–04 2.73E–04 1.92E+02 2.22E–02 3.82E–03 5.76E–05 8.70E–02 5.57E–02 2.43E–02
7600 4.26E+05 9.10E+05 1.36E+00 8.11E–01 1.40E+00 1.76E–04 2.69E–04 1.92E+02 2.22E–02 3.82E–03 5.64E–05 8.70E–02 5.57E–02 2.43E–02
7700 4.06E+05 9.29E+05 1.39E+00 8.21E–01 1.38E+00 1.73E–04 2.65E–04 1.92E+02 2.22E–02 3.82E–03 5.54E–05 8.70E–02 5.57E–02 2.43E–02
7800 3.87E+05 9.48E+05 1.42E+00 8.32E–01 1.35E+00 1.71E–04 2.61E–04 1.92E+02 2.22E–02 3.82E–03 5.43E–05 8.70E–02 5.57E–02 2.43E–02
7900 3.68E+05 9.68E+05 1.45E+00 8.43E–01 1.33E+00 1.68E–04 2.57E–04 1.92E+02 2.22E–02 3.82E–03 5.34E–05 8.70E–02 5.57E–02 2.43E–02
8000 3.49E+05 9.87E+05 1.47E+00 8.56E–01 1.30E+00 1.66E–04 2.53E–04 1.92E+02 2.22E–02 3.82E–03 5.25E–05 8.70E–02 5.57E–02 2.43E–02
8100 3.30E+05 1.01E+06 1.48E+00 8.72E–01 1.28E+00 1.63E–04 2.50E–04 1.92E+02 2.22E–02 3.82E–03 5.16E–05 8.70E–02 5.57E–02 2.43E–02
8200 3.10E+05 1.03E+06 1.49E+00 8.89E–01 1.26E+00 1.61E–04 2.47E–04 1.92E+02 2.22E–02 3.82E–03 5.07E–05 8.70E–02 5.57E–02 2.43E–02
8300 2.91E+05 1.04E+06 1.48E+00 9.09E–01 1.24E+00 1.59E–04 2.44E–04 1.92E+02 2.22E–02 3.82E–03 4.98E–05 8.70E–02 5.57E–02 2.43E–02
8400 2.72E+05 1.06E+06 1.50E+00 9.22E–01 1.22E+00 1.57E–04 2.41E–04 1.92E+02 2.22E–02 3.82E–03 4.90E–05 8.70E–02 5.57E–02 2.43E–02
8500 2.53E+05 1.08E+06 1.49E+00 9.39E–01 1.20E+00 1.55E–04 2.38E–04 1.92E+02 2.22E–02 3.82E–03 4.81E–05 8.70E–02 5.57E–02 2.43E–02
8600 2.34E+05 1.10E+06 1.50E+00 9.53E–01 1.18E+00 1.53E–04 2.34E–04 1.92E+02 2.22E–02 3.82E–03 4.74E–05 8.70E–02 5.57E–02 2.43E–02
8700 2.14E+05 1.12E+06 1.50E+00 9.65E–01 1.16E+00 1.52E–04 2.32E–04 1.92E+02 2.22E–02 3.82E–03 4.67E–05 8.70E–02 5.57E–02 2.43E–02
8800 1.95E+05 1.14E+06 1.51E+00 9.78E–01 1.14E+00 1.50E–04 2.30E–04 1.92E+02 2.22E–02 3.82E–03 4.59E–05 8.70E–02 5.57E–02 2.43E–02
8900 1.76E+05 1.16E+06 1.52E+00 9.89E–01 1.12E+00 1.49E–04 2.28E–04 1.92E+02 2.22E–02 3.82E–03 4.51E–05 8.70E–02 5.57E–02 2.43E–02
9000 1.57E+05 1.18E+06 1.53E+00 9.99E–01 1.10E+00 1.47E–04 2.25E–04 1.92E+02 2.22E–02 3.82E–03 4.45E–05 8.70E–02 5.57E–02 2.43E–02
9100 1.38E+05 1.20E+06 1.55E+00 1.01E+00 1.09E+00 1.47E–04 2.24E–04 1.92E+02 2.22E–02 3.82E–03 4.39E–05 8.70E–02 5.57E–02 2.43E–02
9200 1.18E+05 1.22E+06 1.57E+00 1.02E+00 1.07E+00 1.46E–04 2.24E–04 1.92E+02 2.22E–02 3.82E–03 4.33E–05 8.70E–02 5.57E–02 2.43E–02
9300 9.92E+04 1.24E+06 1.59E+00 1.03E+00 1.06E+00 1.46E–04 2.24E–04 1.92E+02 2.22E–02 3.82E–03 4.27E–05 8.70E–02 5.57E–02 2.43E–02
9400 8.00E+04 1.26E+06 1.58E+00 1.04E+00 1.05E+00 1.47E–04 2.25E–04 1.92E+02 2.22E–02 3.82E–03 4.21E–05 8.70E–02 5.57E–02 2.43E–02
9500 6.08E+04 1.27E+06 1.60E+00 1.05E+00 1.03E+00 1.49E–04 2.28E–04 1.92E+02 2.22E–02 3.82E–03 4.17E–05 8.70E–02 5.57E–02 2.43E–02
9600 4.16E+04 1.29E+06 1.66E+00 1.05E+00 1.03E+00 1.54E–04 2.36E–04 1.92E+02 2.22E–02 3.82E–03 4.13E–05 8.70E–02 5.57E–02 2.43E–02
9700 2.24E+04 1.31E+06 1.64E+00 1.06E+00 1.02E+00 1.68E–04 2.57E–04 1.69E+02 2.22E–02 3.82E–03 4.10E–05 8.70E–02 5.57E–02 2.43E–02
9800 5.53E+03 1.33E+06 9.23E–01 1.07E+00 3.63E–01 2.57E–04 2.57E–04 0 2.22E–02 3.82E–03 1.46E–05 8.70E–02 5.57E–02 2.43E–02
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Table C-2. Time-dependent parameters for object 121_1. 
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–8500 4.95E+06 0 0 1.33E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–8000 4.95E+06 0 0 1.06E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7500 4.95E+06 0 0 8.44E+01 3.40E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7000 4.95E+06 0 0 7.56E+01 1.53E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6500 4.95E+06 0 0 7.34E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6000 4.95E+06 0 0 7.04E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5500 4.95E+06 0 0 6.64E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5000 4.95E+06 0 0 6.15E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4500 4.95E+06 0 0 5.63E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4000 4.95E+06 0 0 5.09E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3500 4.95E+06 0 0 4.56E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3000 4.95E+06 0 0 4.05E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2500 4.95E+06 0 0 3.57E+01 1.26E–04 1.26E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2000 4.95E+06 0 0 3.13E+01 1.82E–04 1.82E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1500 4.95E+06 0 0 2.74E+01 3.28E–04 3.28E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1000 4.95E+06 0 0 2.38E+01 4.60E–04 4.60E–04 0 0 0 3.80E–04 0 0 3.61E–02
–500 4.95E+06 0 0 1.98E+01 5.07E–04 5.07E–04 0 0 0 3.77E–04 0 0 3.77E–02

0 4.95E+06 0 0 1.62E+01 7.37E–04 7.37E–04 0 2.37E–03 5.52E–04 3.09E–04 1.39E–02 1.55E–02 3.09E–02
500 4.95E+06 0 0 1.31E+01 7.86E–04 7.86E–04 0 4.08E–03 1.18E–03 2.49E–04 2.33E–02 2.21E–02 2.49E–02

1000 4.90E+06 0 0 9.84E+00 4.37E–04 4.51E–04 0 7.13E–03 1.83E–03 1.87E–04 3.96E–02 2.89E–02 1.87E–02
1500 4.42E+06 0 0 7.37E+00 7.83E–05 3.46E–04 0 1.09E–02 2.33E–03 1.40E–04 5.92E–02 3.41E–02 1.40E–02
2000 3.47E+06 0 0 5.77E+00 6.48E–05 3.42E–04 0 1.44E–02 2.65E–03 1.10E–04 7.68E–02 3.75E–02 1.10E–02
2500 2.43E+06 0 0 4.49E+00 1.95E–04 2.32E–04 0 1.79E–02 2.90E–03 8.52E–05 9.47E–02 4.02E–02 8.52E–03
3000 1.73E+06 0 0 2.78E+00 2.93E–04 1.66E–04 0 2.40E–02 3.24E–03 5.28E–05 1.25E–01 4.38E–02 5.28E–03
3500 8.10E+05 0 5.95E–01 0 1.25E+00 7.62E–04 1.35E–04 1.95E+02 2.22E–02 3.82E–03 5.74E–05 8.70E–02 5.57E–02 2.37E–03
3900 1.55E+05 7.80E+04 6.63E–01 6.62E–01 1.42E+00 8.42E–05 1.29E–04 1.16E+02 2.22E–02 3.82E–03 5.82E–05 8.70E–02 5.57E–02 2.43E–02



S
K

B
 R

-13-18 
181

Ye
ar

 (A
D

)

ar
ea

_o
bj

_a
qu

 (m
2)

ar
ea

_o
bj

_t
er

 (m
2 )

z_
re

go
PG

_a
qu

 (m
)

z_
re

go
PG

_t
er

 (m
)

z_
w

at
er

 (m
)

re
s_

ra
te

 (m
3  m

–2
 y

ea
r–1

)

se
d_

ra
te

 (m
3  m

–2
 y

ea
r–1

)

Te
r_

gr
ow

th
 ((

m
2 
ye

ar
–1

)

bi
om

_p
p_

m
ac

ro
 (k

gC
 m

–2
)

bi
om

_p
p_

m
ic

ro
 (k

gC
 m

–2
)

bi
om

_p
p_

pl
an

k 
(k

gC
 m

–2
)

N
PP

_m
ac

ro
 (k

gC
 m

–2
 ye

ar
–1

) 

N
PP

_m
ic

ro
 (k

gC
 m

–2
 ye

ar
–1

)

N
PP

_p
la

nk
 (k

gC
 m

–2
 ye

ar
–1

)

4000 1.48E+05 8.96E+04 6.90E–01 6.64E–01 1.44E+00 1.81E–04 2.77E–04 6.40E+01 2.22E–02 3.82E–03 5.89E–05 8.70E–02 5.57E–02 2.43E–02
4100 1.41E+05 9.60E+04 7.19E–01 6.66E–01 1.46E+00 1.83E–04 2.81E–04 6.40E+01 2.22E–02 3.82E–03 5.91E–05 8.70E–02 5.57E–02 2.43E–02
4200 1.35E+05 1.02E+05 7.49E–01 6.68E–01 1.47E+00 1.86E–04 2.84E–04 6.40E+01 2.22E–02 3.82E–03 5.92E–05 8.70E–02 5.57E–02 2.43E–02
4300 1.28E+05 1.09E+05 7.82E–01 6.69E–01 1.47E+00 1.87E–04 2.86E–04 6.40E+01 2.22E–02 3.82E–03 5.95E–05 8.70E–02 5.57E–02 2.43E–02
4400 1.22E+05 1.15E+05 8.16E–01 6.70E–01 1.48E+00 1.88E–04 2.87E–04 6.40E+01 2.22E–02 3.82E–03 6.00E–05 8.70E–02 5.57E–02 2.43E–02
4500 1.16E+05 1.22E+05 8.52E–01 6.71E–01 1.49E+00 1.89E–04 2.89E–04 6.40E+01 2.22E–02 3.82E–03 6.05E–05 8.70E–02 5.57E–02 2.43E–02
4600 1.09E+05 1.28E+05 8.92E–01 6.72E–01 1.50E+00 1.91E–04 2.92E–04 6.40E+01 2.22E–02 3.82E–03 6.11E–05 8.70E–02 5.57E–02 2.43E–02
4700 1.03E+05 1.34E+05 9.35E–01 6.73E–01 1.52E+00 1.93E–04 2.95E–04 6.40E+01 2.22E–02 3.82E–03 6.32E–05 8.70E–02 5.57E–02 2.43E–02
4800 9.64E+04 1.41E+05 9.52E–01 6.74E–01 1.57E+00  6.40E+01 2.22E–02 3.82E–03 6.43E–05 8.70E–02 5.57E–02 2.43E–02
4900 9.00E+04 1.47E+05 1.00E+00 6.76E–01 1.60E+00 2.03E–04 3.10E–04 6.40E+01 2.22E–02 3.82E–03 6.48E–05 8.70E–02 5.57E–02 2.43E–02
5000 8.36E+04 1.54E+05 1.05E+00 6.79E–01 1.61E+00 2.07E–04 3.16E–04 6.40E+01 2.22E–02 3.82E–03 6.47E–05 8.70E–02 5.57E–02 2.43E–02
5100 7.72E+04 1.60E+05 1.10E+00 6.87E–01 1.61E+00 2.09E–04 3.20E–04 6.40E+01 2.22E–02 3.82E–03 6.47E–05 8.70E–02 5.57E–02 2.43E–02
5200 7.08E+04 1.66E+05 1.12E+00 7.10E–01 1.61E+00 2.10E–04 3.21E–04 6.40E+01 2.22E–02 3.82E–03 6.50E–05 8.70E–02 5.57E–02 2.43E–02
5300 6.44E+04 1.73E+05 1.18E+00 7.15E–01 1.61E+00 2.11E–04 3.22E–04 6.40E+01 2.22E–02 3.82E–03 6.53E–05 8.70E–02 5.57E–02 2.43E–02
5400 5.80E+04 1.79E+05 1.25E+00 7.21E–01 1.62E+00 2.13E–04 3.25E–04 6.40E+01 2.22E–02 3.82E–03 6.52E–05 8.70E–02 5.57E–02 2.43E–02
5500 5.16E+04 1.86E+05 1.30E+00 7.33E–01 1.62E+00 2.15E–04 3.29E–04 6.40E+01 2.22E–02 3.82E–03 6.55E–05 8.70E–02 5.57E–02 2.43E–02
5600 4.52E+04 1.92E+05 1.34E+00 7.51E–01 1.63E+00 2.17E–04 3.31E–04 6.40E+01 2.22E–02 3.82E–03 6.61E–05 8.70E–02 5.57E–02 2.43E–02
5700 3.88E+04 1.98E+05 1.42E+00 7.63E–01 1.64E+00 2.20E–04 3.36E–04 6.40E+01 2.22E–02 3.82E–03 6.53E–05 8.70E–02 5.57E–02 2.43E–02
5800 3.24E+04 2.05E+05 1.48E+00 7.78E–01 1.62E+00 2.25E–04 3.44E–04 6.40E+01 2.22E–02 3.82E–03 6.42E–05 8.70E–02 5.57E–02 2.43E–02
5900 2.60E+04 2.11E+05 1.51E+00 8.01E–01 1.59E+00 2.26E–04 3.46E–04 6.40E+01 2.22E–02 3.82E–03 6.32E–05 8.70E–02 5.57E–02 2.43E–02
6000 1.96E+04 2.18E+05 1.54E+00 8.23E–01 1.57E+00 2.29E–04 3.50E–04 6.40E+01 2.22E–02 3.82E–03 6.24E–05 8.70E–02 5.57E–02 2.43E–02
6100 1.32E+04 2.24E+05 1.56E+00 8.45E–01 1.55E+00 2.36E–04 3.61E–04 6.40E+01 2.22E–02 3.82E–03 6.17E–05 8.70E–02 5.57E–02 2.43E–02
6200 6.80E+03 2.30E+05 1.50E+00 8.68E–01 1.53E+00 2.58E–04 3.94E–04 5.62E+01 2.22E–02 3.82E–03 2.70E–05 8.70E–02 5.57E–02 2.43E–02
6300 1.18E+03 2.36E+05 5.16E–01 8.86E–01 6.70E–01 3.94E–04 3.94E–04 0 2.22E–02 3.82E–03 2.70E–05 8.70E–02 5.57E–02 2.43E–02
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Table C-3. Time-dependent parameters for object 121_2. 
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–8500 4.26E+05 0.00E+00 0.00E+00 1.36E+02 0.00E+00 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–8000 4.26E+05 0.00E+00 0.00E+00 1.09E+02 0.00E+00 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–7500 4.26E+05 0.00E+00 0.00E+00 8.75E+01 3.69E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–7000 4.26E+05 0.00E+00 0.00E+00 7.86E+01 1.24E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–6500 4.26E+05 0.00E+00 0.00E+00 7.64E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–6000 4.26E+05 0.00E+00 0.00E+00 7.35E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–5500 4.26E+05 0.00E+00 0.00E+00 6.94E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–5000 4.26E+05 0.00E+00 0.00E+00 6.46E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–4500 4.26E+05 0.00E+00 0.00E+00 5.93E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–4000 4.26E+05 0.00E+00 0.00E+00 5.40E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–3500 4.26E+05 0.00E+00 0.00E+00 4.87E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–3000 4.26E+05 0.00E+00 0.00E+00 4.35E+01 1.23E–04 1.23E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–2500 4.26E+05 0.00E+00 0.00E+00 3.86E+01 1.26E–04 1.26E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–2000 4.26E+05 0.00E+00 0.00E+00 3.39E+01 1.82E–04 1.82E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–1500 4.26E+05 0.00E+00 0.00E+00 2.97E+01 3.28E–04 3.28E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–1000 4.26E+05 0.00E+00 0.00E+00 2.63E+01 4.60E–04 4.60E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02
–500 4.26E+05 0.00E+00 0.00E+00 2.30E+01 5.07E–04 5.07E–04 0.00E+00 0.00E+00 0.00E+00 3.80E–04 0.00E+00 0.00E+00 3.61E–02

0 4.26E+05 0.00E+00 0.00E+00 1.94E+01 7.37E–04 7.37E–04 0.00E+00 0.00E+00 0.00E+00 3.69E–04 0.00E+00 0.00E+00 3.69E–02
500 4.26E+05 0.00E+00 0.00E+00 1.60E+01 7.86E–04 7.86E–04 0.00E+00 2.49E–03 6.10E–04 3.03E–04 1.46E–02 1.61E–02 3.03E–02

1000 4.26E+05 0.00E+00 0.00E+00 1.26E+01 4.51E–04 4.51E–04 0.00E+00 4.43E–03 1.28E–03 2.39E–04 2.52E–02 2.31E–02 2.39E–02
1500 4.26E+05 0.00E+00 0.00E+00 9.29E+00 4.42E–05 3.46E–04 0.00E+00 7.83E–03 1.94E–03 1.77E–04 4.33E–02 3.01E–02 1.77E–02
2000 4.22E+05 0.00E+00 0.00E+00 6.22E+00 7.99E–06 3.42E–04 0.00E+00 1.33E–02 2.56E–03 1.18E–04 7.13E–02 3.65E–02 1.18E–02
2500 3.78E+05 0.00E+00 4.39E–01 0.00E+00 3.67E+00 6.43E–05 2.32E–04 1.95E+01 2.06E–02 3.07E–03 6.98E–05 1.08E–01 4.19E–02 6.98E–03
3000 2.38E+05 9.74E+03 5.28E–01 4.62E–01 1.88E+00 3.87E–04 1.66E–04 2.12E+02 2.22E–02 3.82E–03 7.56E–05 8.70E–02 5.57E–02 2.43E–02
3500 6.08E+04 1.16E+05 5.43E–01 5.13E–01 6.81E–01 1.30E–03 1.35E–04 3.33E+02 2.22E–02 3.82E–03 2.74E–05 8.70E–02 5.57E–02 2.43E–02

3682.7 0.00E+00 1.77E+05 0.00E+00 5.26E–01 0.00E+00 1.35E–04 1.35E–04 0.00E+00 2.22E–02 3.82E–03 2.74E–05 8.70E–02 5.57E–02 2.43E–02
4000 0.00E+00 1.77E+05 0.00E+00 5.26E–01 0.00E+00 1.35E–04 1.35E–04 0.00E+00 2.22E–02 3.82E–03 2.74E–05 8.70E–02 5.57E–02 2.43E–02
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Table C-4. Time-dependent parameters for object 157_1.
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–8500 6.67E+05 0 0 1.41E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–8000 6.67E+05 0 0 1.13E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7500 6.67E+05 0 0 9.21E+01 1.32E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7000 6.67E+05 0 0 8.34E+01 3.60E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6500 6.67E+05 0 0 8.11E+01 1.17E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6000 6.67E+05 0 0 7.82E+01 1.29E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5500 6.67E+05 0 0 7.41E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5000 6.67E+05 0 0 6.93E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4500 6.67E+05 0 0 6.41E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4000 6.67E+05 0 0 5.87E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3500 6.67E+05 0 0 5.34E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3000 6.67E+05 0 0 4.83E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2500 6.67E+05 0 0 4.34E+01 1.26E–04 1.26E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2000 6.67E+05 0 0 3.87E+01 1.82E–04 1.82E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1500 6.67E+05 0 0 3.43E+01 3.28E–04 3.28E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1000 6.67E+05 0 0 3.01E+01 4.60E–04 4.60E–04 0 0 0 3.80E–04 0 0 3.61E–02
–500 6.67E+05 0 0 2.63E+01 5.07E–04 5.07E–04 0 0 0 3.80E–04 0 0 3.61E–02

0 6.67E+05 0 0 2.29E+01 7.37E–04 7.37E–04 0 0 0 3.80E–04 0 0 3.61E–02
500 6.67E+05 0 0 2.06E+01 7.86E–04 7.86E–04 0 0 0 3.80E–04 0 0 3.61E–02

1000 6.67E+05 0 0 1.73E+01 4.51E–04 4.51E–04 0 1.98E–03 3.46E–04 3.28E–04 1.18E–02 1.33E–02 3.28E–02
1500 6.67E+05 0 0 1.41E+01 3.46E–04 3.46E–04 0 3.42E–03 9.78E–04 2.68E–04 1.97E–02 2.00E–02 2.68E–02
2000 6.66E+05 0 0 1.11E+01 1.77E–04 3.42E–04 0 5.76E–03 1.58E–03 2.10E–04 3.23E–02 2.63E–02 2.10E–02
2500 6.55E+05 0 0 8.20E+00 1.46E–05 2.32E–04 0 9.44E–03 2.16E–03 1.56E–04 5.16E–02 3.24E–02 1.56E–02
3000 6.20E+05 0 0 5.66E+00 6.05E–06 1.66E–04 0 1.46E–02 2.67E–03 1.08E–04 7.81E–02 3.77E–02 1.08E–02
3500 5.20E+05 0 0 3.61E+00 6.38E–05 1.35E–04 0 2.08E–02 3.08E–03 6.86E–05 1.09E–01 4.20E–02 6.86E–03
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4000 3.23E+05 0 4.66E–01 0 2.01E+00 2.97E–04 1.29E–04 9.20E+01 2.22E–02 3.82E–03 8.10E–05 8.70E–02 5.57E–02 3.82E–03
4500 5.68E+04 4.60E+04 5.65E–01 5.61E–01 2.03E+00 8.14E–05 1.24E–04 4.80E+01 2.22E–02 3.82E–03 8.18E–05 8.70E–02 5.57E–02 2.43E–02
4600 5.20E+04 5.08E+04 6.04E–01 5.65E–01 2.05E+00 2.66E–04 4.06E–04 4.80E+01 2.22E–02 3.82E–03 8.24E–05 8.70E–02 5.57E–02 2.43E–02
4700 4.72E+04 5.56E+04 6.48E–01 5.69E–01 2.04E+00 2.69E–04 4.11E–04 4.80E+01 2.22E–02 3.82E–03 8.23E–05 8.70E–02 5.57E–02 2.43E–02
4800 4.24E+04 6.04E+04 6.92E–01 5.74E–01 2.02E+00 2.70E–04 4.13E–04 4.80E+01 2.22E–02 3.82E–03 8.14E–05 8.70E–02 5.57E–02 2.43E–02
4900 3.76E+04 6.52E+04 7.35E–01 5.83E–01 2.00E+00 2.69E–04 4.11E–04 4.80E+01 2.22E–02 3.82E–03 8.06E–05 8.70E–02 5.57E–02 2.43E–02
5000 3.28E+04 7.00E+04 7.79E–01 5.94E–01 1.97E+00 2.69E–04 4.11E–04 4.80E+01 2.22E–02 3.82E–03 7.94E–05 8.70E–02 5.57E–02 2.43E–02
5100 2.80E+04 7.48E+04 8.14E–01 6.09E–01 1.93E+00 2.67E–04 4.09E–04 4.80E+01 2.22E–02 3.82E–03 7.78E–05 8.70E–02 5.57E–02 2.43E–02
5200 2.32E+04 7.96E+04 8.32E–01 6.29E–01 1.89E+00 2.66E–04 4.06E–04 4.80E+01 2.22E–02 3.82E–03 7.63E–05 8.70E–02 5.57E–02 2.43E–02
5300 1.84E+04 8.44E+04 8.28E–01 6.52E–01 1.85E+00 2.66E–04 4.06E–04 4.80E+01 2.22E–02 3.82E–03 7.46E–05 8.70E–02 5.57E–02 2.43E–02
5400 1.36E+04 8.92E+04 7.70E–01 6.71E–01 1.83E+00 4.80E+01 2.22E–02 3.82E–03 7.37E–05 8.70E–02 5.57E–02 2.43E–02
5500 8.80E+03 9.40E+04 7.91E–01 6.79E–01 1.79E+00 2.80E–04 4.29E–04 4.80E+01 2.22E–02 3.82E–03 7.23E–05 8.70E–02 5.57E–02 2.43E–02
5600 4.00E+03 9.88E+04 6.74E–01 6.92E–01 1.66E+00 3.11E–04 4.75E–04 3.53E+01 2.22E–02 3.82E–03 6.68E–05 8.70E–02 5.57E–02 2.43E–02
5700 4.68E+02 1.02E+05 6.74E–01 6.93E–01 3.60E–01 4.75E–04 4.75E–04 0 2.22E–02 3.82E–03 1.46E–05 8.70E–02 5.57E–02 2.43E–02
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Table C-5. Time-dependent parameters for object 157_2.
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–8500 1.09E+06 0 0 1.35E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–8000 1.09E+06 0 0 1.07E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7500 1.09E+06 0 0 8.61E+01 3.69E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7000 1.09E+06 0 0 7.72E+01 1.24E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6500 1.09E+06 0 0 7.50E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6000 1.09E+06 0 0 7.21E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5500 1.09E+06 0 0 6.80E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5000 1.09E+06 0 0 6.32E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4500 1.09E+06 0 0 5.79E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4000 1.09E+06 0 0 5.26E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3500 1.09E+06 0 0 4.73E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3000 1.09E+06 0 0 4.22E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2500 1.09E+06 0 0 3.72E+01 1.26E–04 1.26E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2000 1.09E+06 0 0 3.27E+01 1.82E–04 1.82E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1500 1.09E+06 0 0 2.86E+01 3.28E–04 3.28E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1000 1.09E+06 0 0 2.55E+01 4.60E–04 4.60E–04 0 0 0 3.80E–04 0 0 3.61E–02
–500 1.09E+06 0 0 2.14E+01 5.07E–04 5.07E–04 0 0 0 3.80E–04 0 0 3.61E–02

0 1.09E+06 0 0 1.79E+01 7.37E–04 7.37E–04 0 1.78E–03 2.19E–04 3.40E–04 1.06E–02 1.20E–02 3.40E–02
500 1.09E+06 0 0 1.46E+01 7.86E–04 7.86E–04 0 3.13E–03 8.78E–04 2.78E–04 1.82E–02 1.89E–02 2.78E–02

1000 1.09E+06 0 0 1.13E+01 4.51E–04 4.51E–04 0 5.57E–03 1.55E–03 2.14E–04 3.13E–02 2.59E–02 2.14E–02
1500 1.08E+06 0 0 8.22E+00 3.19E–04 3.46E–04 0 9.41E–03 2.16E–03 1.56E–04 5.15E–02 3.23E–02 1.56E–02
2000 9.78E+05 0 0 5.89E+00 2.63E–04 3.42E–04 0 1.41E–02 2.62E–03 1.12E–04 7.53E–02 3.72E–02 1.12E–02
2500 7.52E+05 0 1.34E–01 0 4.06E+00 7.33E–05 2.32E–04 5.42E–01 1.92E–02 2.99E–03 7.72E–05 1.01E–01 4.11E–02 7.72E–03
3000 4.82E+05 2.71E+02 2.31E–01 1.16E–01 2.68E+00 9.51E–05 1.66E–04 5.41E+01 2.44E–02 3.26E–03 5.09E–05 1.27E–01 4.40E–02 1.32E–03
3500 1.92E+05 2.73E+04 3.10E–01 2.65E–01 1.89E+00 3.84E–04 1.35E–04 2.09E+02 2.22E–02 3.82E–03 7.61E–05 8.70E–02 5.57E–02 2.43E–02
4000 3.76E+04 1.32E+05 4.03E–01 2.88E–01 8.26E–01 8.17E–04 1.29E–04 5.45E+01 2.22E–02 3.82E–03 3.33E–05 8.70E–02 5.57E–02 2.43E–02

4275.7 0 1.47E+05 4.03E–01 3.13E–01 0 1.29E–04 1.29E–04 0 2.22E–02 3.82E–03 3.33E–05 8.70E–02 5.57E–02 2.43E–02
4500 0 1.47E+05 4.03E–01 3.13E–01 0 1.29E–04 1.29E–04 0 2.22E–02 3.82E–03 3.33E–05 8.70E–02 5.57E–02 2.43E–02
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Table C-6. Time-dependent parameters for object 159.
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–8500 5.06E+05 0 0 1.38E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–8000 5.06E+05 0 0 1.11E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7500 5.06E+05 0 0 8.95E+01 2.46E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7000 5.06E+05 0 0 8.07E+01 2.47E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6500 5.06E+05 0 0 7.85E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6000 5.06E+05 0 0 7.56E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5500 5.06E+05 0 0 7.15E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5000 5.06E+05 0 0 6.67E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4500 5.06E+05 0 0 6.14E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4000 5.06E+05 0 0 5.61E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3500 5.06E+05 0 0 5.08E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3000 5.06E+05 0 0 4.56E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2500 5.06E+05 0 0 4.07E+01 1.26E–04 1.26E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2000 5.06E+05 0 0 3.60E+01 1.82E–04 1.82E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1500 5.06E+05 0 0 3.17E+01 3.28E–04 3.28E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1000 5.06E+05 0 0 2.78E+01 4.60E–04 4.60E–04 0 0 0 3.80E–04 0 0 3.61E–02
–500 5.06E+05 0 0 2.43E+01 5.07E–04 5.07E–04 0 0 0 3.80E–04 0 0 3.61E–02

0 5.06E+05 0 0 2.10E+01 7.37E–04 7.37E–04 0 0 0 3.80E–04 0 0 3.61E–02
500 5.06E+05 0 0 1.82E+01 7.86E–04 7.86E–04 0 1.70E–03 1.69E–04 3.45E–04 1.02E–02 1.15E–02 3.45E–02

1000 5.06E+05 0 0 1.48E+01 4.51E–04 4.51E–04 0 3.03E–03 8.39E–04 2.81E–04 1.76E–02 1.85E–02 2.81E–02
1500 5.06E+05 0 0 1.16E+01 3.46E–04 3.46E–04 0 5.22E–03 1.47E–03 2.21E–04 2.95E–02 2.51E–02 2.21E–02
2000 4.94E+05 0 0 8.89E+00 2.59E–04 3.42E–04 0 8.39E–03 2.02E–03 1.69E–04 4.62E–02 3.09E–02 1.69E–02
2500 4.63E+05 0 0 6.42E+00 2.36E–05 2.32E–04 0 1.28E–02 2.52E–03 1.22E–04 6.91E–02 3.61E–02 1.22E–02
3000 3.75E+05 0 0 4.63E+00 2.47E–05 1.66E–04 0
3500 2.57E+05 0 3.34E–01 0 3.01E+00 1.60E–04 1.35E–04 7.60E+01 2.22E–02 3.82E–03 1.21E–04 8.70E–02 5.57E–02 2.43E–02
4000 1.18E+05 4.30E–01 1.89E+00 4.56E–04 1.29E–04 2.22E–02 3.82E–03 7.62E–05 8.70E–02 5.57E–02 2.43E–02
4100 5.76E+04 4.56E+04 4.98E–01 3.99E–01 2.30E+00 8.42E–05 1.29E–04 4.80E+01 2.22E–02 3.82E–03 9.25E–05 8.70E–02 5.57E–02 2.43E–02
4200 5.28E+04 5.04E+04 5.46E–01 4.08E–01 2.30E+00 3.00E–04 4.58E–04 4.80E+01 2.22E–02 3.82E–03 9.27E–05 8.70E–02 5.57E–02 2.43E–02
4300 4.80E+04 5.52E+04 5.92E–01 4.22E–01 2.30E+00 3.02E–04 4.61E–04 4.80E+01 2.22E–02 3.82E–03 9.26E–05 8.70E–02 5.57E–02 2.43E–02
4400 4.32E+04 6.00E+04 6.41E–01 4.36E–01 2.29E+00 3.03E–04 4.63E–04 4.80E+01 2.22E–02 3.82E–03 9.24E–05 8.70E–02 5.57E–02 2.43E–02
4500 3.84E+04 6.48E+04 6.93E–01 4.50E–01 2.30E+00 3.05E–04 4.66E–04 4.80E+01 2.22E–02 3.82E–03 9.25E–05 8.70E–02 5.57E–02 2.43E–02
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4600 3.36E+04 6.96E+04 7.49E–01 4.63E–01 2.30E+00 3.07E–04 4.70E–04 4.80E+01 2.22E–02 3.82E–03 9.27E–05 8.70E–02 5.57E–02 2.43E–02
4700 2.88E+04 7.44E+04 8.07E–01 4.79E–01 2.32E+00 3.11E–04 4.76E–04 2.40E+01 2.22E–02 3.82E–03 9.35E–05 8.70E–02 5.57E–02 2.43E–02
4800 2.64E+04 7.68E+04 8.67E–01 4.86E–01 2.32E+00 3.04E–04 4.66E–04 4.40E+01 2.22E–02 3.82E–03 9.33E–05 8.70E–02 5.57E–02 2.43E–02
4900 2.20E+04 8.12E+04 9.11E–01 5.09E–01 2.33E+00 3.18E–04 4.86E–04 8.00E+00 2.22E–02 3.82E–03 9.38E–05 8.70E–02 5.57E–02 2.43E–02
5000 2.12E+04 8.20E+04 9.56E–01 5.13E–01 2.30E+00 2.99E–04 4.56E–04 2.40E+01 2.22E–02 3.82E–03 9.25E–05 8.70E–02 5.57E–02 2.43E–02
5100 1.88E+04 8.44E+04 9.99E–01 5.27E–01 2.29E+00 3.06E–04 4.68E–04 2.00E+01 2.22E–02 3.82E–03 9.21E–05 8.70E–02 5.57E–02 2.43E–02
5200 1.68E+04 8.64E+04 1.04E+00 5.40E–01 2.28E+00 3.04E–04 4.65E–04 1.60E+01 2.22E–02 3.82E–03 9.16E–05 8.70E–02 5.57E–02 2.43E–02
5300 1.52E+04 8.80E+04 1.08E+00 5.50E–01 2.26E+00 3.01E–04 4.60E–04 2.40E+01 2.22E–02 3.82E–03 9.09E–05 8.70E–02 5.57E–02 2.43E–02
5400 1.28E+04 9.04E+04 1.12E+00 5.65E–01 2.26E+00 3.09E–04 4.72E–04 2.40E+01 2.22E–02 3.82E–03 9.09E–05 8.70E–02 5.57E–02 2.43E–02
5500 1.04E+04 9.28E+04 1.16E+00 5.82E–01 2.27E+00 3.13E–04 4.79E–04 1.20E+01 2.22E–02 3.82E–03 9.14E–05 8.70E–02 5.57E–02 2.43E–02
5600 9.20E+03 9.40E+04 1.21E+00 5.89E–01 2.26E+00 3.04E–04 4.64E–04 1.20E+01 2.22E–02 3.82E–03 9.10E–05 8.70E–02 5.57E–02 2.43E–02
5700 8.00E+03 9.52E+04 1.25E+00 5.98E–01 2.25E+00 3.05E–04 4.66E–04 4.00E+00 2.22E–02 3.82E–03 9.07E–05 8.70E–02 5.57E–02 2.43E–02
5800 7.60E+03 9.56E+04 1.29E+00 6.01E–01 2.22E+00 2.91E–04 4.45E–04 4.00E+00 2.22E–02 3.82E–03 8.94E–05 8.70E–02 5.57E–02 2.43E–02
5900 7.20E+03 9.60E+04 1.33E+00 6.04E–01 2.19E+00 2.88E–04 4.41E–04 1.60E+01 2.22E–02 3.82E–03 8.82E–05 8.70E–02 5.57E–02 2.43E–02
6000 5.60E+03 9.76E+04 1.38E+00 6.17E–01 2.20E+00 3.11E–04 4.75E–04 1.20E+01 2.22E–02 3.82E–03 8.85E–05 8.70E–02 5.57E–02 2.43E–02
6100 4.40E+03 9.88E+04 1.42E+00 6.26E–01 2.20E+00 3.10E–04 4.74E–04 0 2.22E–02 3.82E–03 8.87E–05 8.70E–02 5.57E–02 2.43E–02
6200 4.40E+03 9.88E+04 1.46E+00 6.26E–01 2.16E+00 2.78E–04 4.25E–04 8.00E+00 2.22E–02 3.82E–03 8.69E–05 8.70E–02 5.57E–02 2.43E–02
6300 3.60E+03 9.96E+04 1.50E+00 6.34E–01 2.15E+00 2.99E–04 4.58E–04 1.20E+01 2.22E–02 3.82E–03 8.65E–05 8.70E–02 5.57E–02 2.43E–02
6400 2.40E+03 1.01E+05 1.53E+00 6.45E–01 2.17E+00 3.25E–04 4.97E–04 4.00E+00 2.22E–02 3.82E–03 8.76E–05 8.70E–02 5.57E–02 2.43E–02
6500 2.00E+03 1.01E+05 1.56E+00 6.49E–01 2.16E+00 3.00E–04 4.59E–04 4.00E+00 2.22E–02 3.82E–03 8.72E–05 8.70E–02 5.57E–02 2.43E–02
6600 1.60E+03 1.02E+05 1.61E+00 6.52E–01 2.16E+00 3.02E–04 4.61E–04 4.00E+00 2.22E–02 3.82E–03 8.71E–05 8.70E–02 5.57E–02 2.43E–02
6700 1.20E+03 1.02E+05 1.63E+00 6.56E–01 2.17E+00 3.13E–04 4.79E–04 4.00E+00 2.22E–02 3.82E–03 8.73E–05 8.70E–02 5.57E–02 2.43E–02
6800 8.00E+02 1.02E+05 1.68E+00 6.60E–01 2.20E+00 3.27E–04 5.00E–04 0 2.22E–02 3.82E–03 8.85E–05 8.70E–02 5.57E–02 2.43E–02
6900 8.00E+02 1.02E+05 1.72E+00 6.60E–01 2.16E+00 2.78E–04 4.25E–04 4.00E+00 2.22E–02 3.82E–03 8.68E–05 8.70E–02 5.57E–02 2.43E–02
7000 4.00E+02 1.03E+05 1.76E+00 6.65E–01 2.24E+00 3.71E–04 5.67E–04 0 2.22E–02 3.82E–03 9.03E–05 8.70E–02 5.57E–02 2.43E–02
7100 4.00E+02 1.03E+05 1.80E+00 6.65E–01 2.20E+00 2.78E–04 4.25E–04 0 2.22E–02 3.82E–03 8.86E–05 8.70E–02 5.57E–02 2.43E–02
7200 4.00E+02 1.03E+05 1.85E+00 6.65E–01 2.16E+00 2.78E–04 4.25E–04 0 2.22E–02 3.82E–03 8.69E–05 8.70E–02 5.57E–02 2.43E–02
7300 4.00E+02 1.03E+05 1.89E+00 6.65E–01 2.12E+00 2.78E–04 4.25E–04 0 2.22E–02 3.82E–03 8.52E–05 8.70E–02 5.57E–02 2.43E–02
7400 4.00E+02 1.03E+05 1.93E+00 6.65E–01 2.08E+00 2.62E–04 4.00E–04 0 2.22E–02 3.82E–03 8.36E–05 8.70E–02 5.57E–02 2.43E–02
7500 4.00E+02 1.03E+05 1.97E+00 6.65E–01 2.04E+00 2.62E–04 4.00E–04 1.91E+00 2.22E–02 3.82E–03 8.20E–05 8.70E–02 5.57E–02 2.43E–02
7600 2.09E+02 1.03E+05 1.97E+00 6.70E–01 1.10E–01 4.00E–04 4.00E–04 0 2.22E–02 3.82E–03 4.43E–06 8.70E–02 5.57E–02 2.43E–02
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Table C-7. Time-dependent parameters for object 160.
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–8500 3.48E+05 0 0 1.36E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–8000 3.48E+05 0 0 1.09E+02 0 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7500 3.48E+05 0 0 8.74E+01 3.68E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–7000 3.48E+05 0 0 7.86E+01 1.25E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6500 3.48E+05 0 0 7.63E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–6000 3.48E+05 0 0 7.34E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5500 3.48E+05 0 0 6.93E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–5000 3.48E+05 0 0 6.45E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4500 3.48E+05 0 0 5.93E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–4000 3.48E+05 0 0 5.39E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3500 3.48E+05 0 0 4.86E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–3000 3.48E+05 0 0 4.35E+01 1.23E–04 1.23E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2500 3.48E+05 0 0 3.86E+01 1.26E–04 1.26E–04 0 0 0 3.80E–04 0 0 3.61E–02
–2000 3.48E+05 0 0 3.40E+01 1.82E–04 1.82E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1500 3.48E+05 0 0 2.98E+01 3.28E–04 3.28E–04 0 0 0 3.80E–04 0 0 3.61E–02
–1000 3.48E+05 0 0 2.61E+01 4.60E–04 4.60E–04 0 0 0 3.80E–04 0 0 3.61E–02
–500 3.48E+05 0 0 2.27E+01 5.07E–04 5.07E–04 0 0 0 3.80E–04 0 0 3.61E–02

0 3.48E+05 0 0 1.94E+01 7.37E–04 7.37E–04 0 0 0 3.69E–04 0 0 3.69E–02
500 3.48E+05 0 0 1.63E+01 7.86E–04 7.86E–04 0 2.34E–03 5.36E–04 3.10E–04 1.38E–02 1.53E–02 3.10E–02

1000 3.48E+05 0 0 1.30E+01 4.51E–04 4.51E–04 0 4.16E–03 1.21E–03 2.46E–04 2.37E–02 2.24E–02 2.46E–02
1500 3.46E+05 0 0 9.85E+00 3.03E–04 3.46E–04 0 7.12E–03 1.83E–03 1.87E–04 3.95E–02 2.89E–02 1.87E–02
2000 3.29E+05 0 0 7.27E+00 6.01E–05 3.42E–04 0 1.11E–02 2.35E–03 1.38E–04 6.01E–02 3.43E–02 1.38E–02
2500 3.06E+05 0 2.78E–01 0 4.68E+00 2.48E–05 2.32E–04 6.80E+01 2.22E–02 3.82E–03 1.88E–04 8.70E–02 5.57E–02 8.89E–03
3000 2.24E+05 3.66E–01 2.83E+00 1.63E–04 1.66E–04 2.22E–02 3.82E–03 1.14E–04 8.70E–02 5.57E–02 2.43E–02
3300 1.04E+05 5.44E+04 4.31E–01 4.30E–01 2.89E+00 8.80E–05 1.35E–04 5.60E+01 2.04E–02 3.51E–03 1.16E–04 7.99E–02 5.12E–02 2.43E–02
3400 9.84E+04 6.00E+04 4.85E–01 4.36E–01 2.92E+00 3.66E–04 5.60E–04 5.60E+01 2.05E–02 3.53E–03 1.18E–04 8.02E–02 5.14E–02 2.43E–02
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3500 9.28E+04 6.56E+04 5.36E–01 4.51E–01 2.94E+00 3.71E–04 5.68E–04 5.60E+01 2.08E–02 3.57E–03 1.18E–04 8.13E–02 5.21E–02 2.43E–02
3600 8.72E+04 7.12E+04 5.96E–01 4.57E–01 2.96E+00 3.75E–04 5.73E–04 5.60E+01 2.13E–02 3.66E–03 1.19E–04 8.34E–02 5.34E–02 2.43E–02
3700 8.16E+04 7.68E+04 6.59E–01 4.63E–01 2.98E+00 3.79E–04 5.79E–04 5.60E+01 2.19E–02 3.77E–03 1.20E–04 8.57E–02 5.48E–02 2.43E–02
3800 7.60E+04 8.24E+04 7.28E–01 4.68E–01 3.01E+00 3.82E–04 5.84E–04 5.60E+01 2.20E–02 3.78E–03 1.21E–04 8.60E–02 5.51E–02 2.43E–02
3900 7.04E+04 8.80E+04 7.98E–01 4.78E–01 3.03E+00 3.87E–04 5.92E–04 5.60E+01 2.21E–02 3.80E–03 1.22E–04 8.65E–02 5.53E–02 2.43E–02
4000 6.48E+04 9.36E+04 8.75E–01 4.88E–01 3.07E+00 3.92E–04 5.99E–04 4.00E+01 2.22E–02 3.82E–03 1.24E–04 8.70E–02 5.57E–02 2.43E–02
4100 6.08E+04 9.76E+04 9.29E–01 5.09E–01 3.08E+00 3.94E–04 6.02E–04 1.60E+01 2.22E–02 3.82E–03 1.24E–04 8.70E–02 5.57E–02 2.43E–02
4200 5.92E+04 9.92E+04 9.87E–01 5.17E–01 3.05E+00 3.88E–04 5.94E–04 2.00E+01 2.22E–02 3.82E–03 1.23E–04 8.70E–02 5.57E–02 2.43E–02
4300 5.72E+04 1.01E+05 1.04E+00 5.29E–01 3.02E+00 3.86E–04 5.90E–04 3.20E+01 2.22E–02 3.82E–03 1.22E–04 8.70E–02 5.57E–02 2.43E–02
4400 5.40E+04 1.04E+05 1.09E+00 5.50E–01 3.03E+00 3.88E–04 5.93E–04 2.00E+01 2.22E–02 3.82E–03 1.22E–04 8.70E–02 5.57E–02 2.43E–02
4500 5.20E+04 1.06E+05 1.15E+00 5.62E–01 3.01E+00 3.85E–04 5.88E–04 8.00E+00 2.22E–02 3.82E–03 1.21E–04 8.70E–02 5.57E–02 2.43E–02
4600 5.12E+04 1.07E+05 1.21E+00 5.67E–01 2.96E+00 3.78E–04 5.78E–04 4.00E+00 2.22E–02 3.82E–03 1.19E–04 8.70E–02 5.57E–02 2.43E–02
4700 5.08E+04 1.08E+05 1.26E+00 5.70E–01 2.91E+00 3.71E–04 5.68E–04 1.60E+01 2.22E–02 3.82E–03 1.17E–04 8.70E–02 5.57E–02 2.43E–02
4800 4.92E+04 1.09E+05 1.32E+00 5.80E–01 2.89E+00 3.70E–04 5.65E–04 2.00E+01 2.22E–02 3.82E–03 1.16E–04 8.70E–02 5.57E–02 2.43E–02
4900 4.72E+04 1.11E+05 1.37E+00 5.95E–01 2.87E+00 3.68E–04 5.63E–04 8.00E+00 2.22E–02 3.82E–03 1.16E–04 8.70E–02 5.57E–02 2.43E–02
5000 4.64E+04 1.12E+05 1.43E+00 6.01E–01 2.83E+00 3.62E–04 5.53E–04 4.00E+00 2.22E–02 3.82E–03 1.14E–04 8.70E–02 5.57E–02 2.43E–02
5100 4.60E+04 1.12E+05 1.48E+00 6.05E–01 2.78E+00 3.55E–04 5.43E–04 1.60E+01 2.22E–02 3.82E–03 1.12E–04 8.70E–02 5.57E–02 2.43E–02
5200 4.44E+04 1.14E+05 1.53E+00 6.18E–01 2.75E+00 3.54E–04 5.41E–04 8.00E+00 2.22E–02 3.82E–03 1.11E–04 8.70E–02 5.57E–02 2.43E–02
5300 4.36E+04 1.15E+05 1.58E+00 6.25E–01 2.72E+00 3.48E–04 5.32E–04 1.60E+01 2.22E–02 3.82E–03 1.09E–04 8.70E–02 5.57E–02 2.43E–02
5400 4.20E+04 1.16E+05 1.64E+00 6.39E–01 2.69E+00 3.46E–04 5.29E–04 1.60E+01 2.22E–02 3.82E–03 1.08E–04 8.70E–02 5.57E–02 2.43E–02
5500 4.04E+04 1.18E+05 1.69E+00 6.54E–01 2.66E+00 3.43E–04 5.25E–04 4.00E+00 2.22E–02 3.82E–03 1.07E–04 8.70E–02 5.57E–02 2.43E–02
5600 4.00E+04 1.18E+05 1.74E+00 6.57E–01 2.62E+00 3.35E–04 5.13E–04 1.60E+01 2.22E–02 3.82E–03 1.06E–04 8.70E–02 5.57E–02 2.43E–02
5700 3.84E+04 1.20E+05 1.79E+00 6.73E–01 2.59E+00 3.35E–04 5.12E–04 1.20E+01 2.22E–02 3.82E–03 1.04E–04 8.70E–02 5.57E–02 2.43E–02
5800 3.72E+04 1.21E+05 1.84E+00 6.84E–01 2.56E+00 3.30E–04 5.05E–04 1.60E+01 2.22E–02 3.82E–03 1.03E–04 8.70E–02 5.57E–02 2.43E–02
5900 3.56E+04 1.23E+05 1.89E+00 7.00E–01 2.54E+00 3.28E–04 5.02E–04 1.60E+01 2.22E–02 3.82E–03 1.02E–04 8.70E–02 5.57E–02 2.43E–02
6000 3.40E+04 1.24E+05 1.93E+00 7.16E–01 2.51E+00 3.26E–04 4.98E–04 8.00E+00 2.22E–02 3.82E–03 1.01E–04 8.70E–02 5.57E–02 2.43E–02
6100 3.32E+04 1.25E+05 1.98E+00 7.24E–01 2.48E+00 3.19E–04 4.88E–04 1.60E+01 2.22E–02 3.82E–03 9.98E–05 8.70E–02 5.57E–02 2.43E–02
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6200 3.16E+04 1.27E+05 2.03E+00 7.41E–01 2.45E+00 3.19E–04 4.87E–04 1.20E+01 2.22E–02 3.82E–03 9.88E–05 8.70E–02 5.57E–02 2.43E–02
6300 3.04E+04 1.28E+05 2.07E+00 7.54E–01 2.42E+00 3.14E–04 4.80E–04 2.00E+01 2.22E–02 3.82E–03 9.76E–05 8.70E–02 5.57E–02 2.43E–02
6400 2.84E+04 1.30E+05 2.12E+00 7.75E–01 2.40E+00 3.15E–04 4.81E–04 2.80E+01 2.22E–02 3.82E–03 9.68E–05 8.70E–02 5.57E–02 2.43E–02
6500 2.56E+04 1.33E+05 2.17E+00 8.04E–01 2.40E+00 3.18E–04 4.86E–04 1.60E+01 2.22E–02 3.82E–03 9.67E–05 8.70E–02 5.57E–02 2.43E–02
6600 2.40E+04 1.34E+05 2.21E+00 8.20E–01 2.38E+00 3.11E–04 4.76E–04 1.60E+01 2.22E–02 3.82E–03 9.58E–05 8.70E–02 5.57E–02 2.43E–02
6700 2.24E+04 1.36E+05 2.26E+00 8.38E–01 2.36E+00 3.09E–04 4.73E–04 1.20E+01 2.22E–02 3.82E–03 9.50E–05 8.70E–02 5.57E–02 2.43E–02
6800 2.12E+04 1.37E+05 2.30E+00 8.50E–01 2.33E+00 3.05E–04 4.66E–04 2.00E+01 2.22E–02 3.82E–03 9.39E–05 8.70E–02 5.57E–02 2.43E–02
6900 1.92E+04 1.39E+05 2.35E+00 8.72E–01 2.32E+00 3.08E–04 4.71E–04 1.60E+01 2.22E–02 3.82E–03 9.35E–05 8.70E–02 5.57E–02 2.43E–02
7000 1.76E+04 1.41E+05 2.39E+00 8.90E–01 2.30E+00 3.05E–04 4.66E–04 1.20E+01 2.22E–02 3.82E–03 9.27E–05 8.70E–02 5.57E–02 2.43E–02
7100 1.64E+04 1.42E+05 2.44E+00 9.02E–01 2.28E+00 3.00E–04 4.59E–04 1.60E+01 2.22E–02 3.82E–03 9.17E–05 8.70E–02 5.57E–02 2.43E–02
7200 1.48E+04 1.44E+05 2.48E+00 9.20E–01 2.26E+00 3.01E–04 4.61E–04 2.80E+01 2.22E–02 3.82E–03 9.11E–05 8.70E–02 5.57E–02 2.43E–02
7300 1.20E+04 1.46E+05 2.52E+00 9.51E–01 2.27E+00 3.14E–04 4.81E–04 8.00E+00 2.22E–02 3.82E–03 9.15E–05 8.70E–02 5.57E–02 2.43E–02
7400 1.12E+04 1.47E+05 2.57E+00 9.60E–01 2.25E+00 2.97E–04 4.53E–04 1.20E+01 2.22E–02 3.82E–03 9.05E–05 8.70E–02 5.57E–02 2.43E–02
7500 1.00E+04 1.48E+05 2.61E+00 9.73E–01 2.23E+00 2.99E–04 4.58E–04 4.00E+00 2.22E–02 3.82E–03 8.99E–05 8.70E–02 5.57E–02 2.43E–02
7600 9.60E+03 1.49E+05 2.65E+00 9.77E–01 2.20E+00 2.87E–04 4.39E–04 1.20E+01 2.22E–02 3.82E–03 8.85E–05 8.70E–02 5.57E–02 2.43E–02
7700 8.40E+03 1.50E+05 2.70E+00 9.91E–01 2.18E+00 2.95E–04 4.51E–04 4.00E+00 2.22E–02 3.82E–03 8.78E–05 8.70E–02 5.57E–02 2.43E–02
7800 8.00E+03 1.50E+05 2.74E+00 9.96E–01 2.15E+00 2.82E–04 4.30E–04 1.20E+01 2.22E–02 3.82E–03 8.64E–05 8.70E–02 5.57E–02 2.43E–02
7900 6.80E+03 1.52E+05 2.78E+00 1.01E+00 2.13E+00 2.93E–04 4.47E–04 8.00E+00 2.22E–02 3.82E–03 8.56E–05 8.70E–02 5.57E–02 2.43E–02
8000 6.00E+03 1.52E+05 2.82E+00 1.02E+00 2.10E+00 2.85E–04 4.36E–04 2.00E+01 2.22E–02 3.82E–03 8.46E–05 8.70E–02 5.57E–02 2.43E–02
8100 4.00E+03 1.54E+05 2.86E+00 1.04E+00 2.10E+00 3.18E–04 4.86E–04 8.00E+00 2.22E–02 3.82E–03 8.47E–05 8.70E–02 5.57E–02 2.43E–02
8200 3.20E+03 1.55E+05 2.90E+00 1.05E+00 2.08E+00 2.94E–04 4.50E–04 1.60E+01 2.22E–02 3.82E–03 8.38E–05 8.70E–02 5.57E–02 2.43E–02
8300 1.60E+03 1.57E+05 2.93E+00 1.07E+00 2.09E+00 3.52E–04 5.38E–04 4.00E+00 2.22E–02 3.82E–03 8.43E–05 8.70E–02 5.57E–02 2.43E–02
8400 1.20E+03 1.57E+05 2.98E+00 1.08E+00 2.08E+00 2.99E–04 4.57E–04 4.00E+00 2.22E–02 3.82E–03 8.38E–05 8.70E–02 5.57E–02 2.43E–02
8500 8.00E+02 1.58E+05 3.01E+00 1.08E+00 2.07E+00 3.20E–04 4.90E–04 3.71E+00 2.22E–02 3.82E–03 8.35E–05 8.70E–02 5.57E–02 2.43E–02
8600 4.29E+02 1.58E+05 2.81E+00 1.09E+00 2.07E+00 4.90E–04 4.90E–04 0 2.22E–02 3.82E–03 8.34E–05 8.70E–02 5.57E–02 2.43E–02
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Appendix D

Hydrological data

Table D-1. The inter compartment water flows for the seven biosphere objects for the global warming climate case. The suffixes _iso 
och _end, represent the water flows at the time of isolation start and the time of isolation end, the water flow is linearly interpolated 
during the time period in between. 

Parameter name obj 116 
(m3 m–2 year–1)

obj 121_1
 (m3 m–2 year–1)

obj 121_2
(m3 m–2 year–1)

obj 157_1 
(m3 m–2 year–1)

obj 157_2
(m3 m–2 year–1)

obj 159 
(m3 m–2 year–1)

obj 160
(m3 m–2 year–1)

q_downstream_end 1.69E+00 1.74E+01 3.94E-01 4.26E+00 1.25E+00 1.27E+00 3.48E-01
q_downstream_iso 1.47E+00 1.62E+01 3.76E-01 3.41E+00 1.16E+00 1.12E+00 3.53E-01
q_gl_low_lake 1.69E–02 1.21E–06 1.91E–02 6.10E–04 4.20E–02 1.03E–02 1.55E–04
q_gl_low_sea 8.97E–03 2.54E–03 1.78E–02 3.64E–03 2.13E–02 2.34E–02 2.00E–02
q_gl_low_ter_end 7.86E–03 3.34E–05 2.59E–02 8.62E–04 4.83E–02 3.71E–02 5.75E–02
q_gl_low_ter_iso 8.86E–03 1.12E–04 1.91E–02 1.77E–03 4.20E–02 5.68E–02 5.96E–02
q_gl_pg_lake 2.60E–02 9.00E–02 1.04E–01 1.75E–02 2.21E–01 2.29E–01 2.83E–01
q_gl_pg_sea 3.27E–02 3.56E–02 3.06E–02 2.01E–02 2.93E–02 3.44E–02 3.21E–02
q_gl_pg_ter_end 2.98E–02 5.36E–02 9.35E–02 3.06E–02 2.44E–01 9.95E–02 3.23E–02
q_gl_pg_ter_iso 5.95E–02 6.16E–02 1.04E–01 4.33E–02 2.21E–01 1.06E–01 5.73E–02
q_low_gl_lake 1.78E–02 6.93E–02 9.82E–02 1.02E–02 1.84E–01 2.22E–01 2.11E–01
q_low_gl_sea 9.47E–03 2.34E–02 2.26E–02 3.69E–03 2.83E–02 2.74E–02 2.09E–02
q_low_gl_ter_end 1.91E–02 5.24E–02 8.95E–02 1.68E–02 2.22E–01 8.67E–02 2.63E–02
q_low_gl_ter_iso 2.77E–02 5.76E–02 9.82E–02 2.22E–02 1.84E–01 9.04E–02 5.02E–02
q_peat_pg_ter_end 1.55E–02 1.58E–03 1.44E–01 6.12E–03 2.76E–01 7.55E–02 7.74E–02
q_peat_pg_ter_iso 3.06E–02 7.21E–03 3.00E–01 1.12E–02 3.08E–01 1.07E–01 7.92E–02
q_peat_up_ter_end 1.02E–01 1.41E–01 3.10E–01 2.34E–01 6.94E–01 5.04E–01 4.52E–01
q_peat_up_ter_iso 1.04E–01 2.87E–01 3.69E–01 1.40E–01 6.56E–01 5.01E–01 1.76E–01
q_pg_gl_lake 2.62E–02 5.37E–04 1.96E–02 2.58E–03 7.20E–02 1.15E–02 3.02E–03
q_pg_gl_sea 3.21E–02 1.57E–02 2.59E–02 1.97E–02 2.23E–02 3.03E–02 3.10E–02
q_pg_gl_ter_end 1.43E–02 1.39E–03 2.63E–02 5.23E–03 6.25E–02 5.33E–02 6.46E–02
q_pg_gl_ter_iso 2.59E–02 5.10E–03 1.96E–02 8.81E–03 7.20E–02 8.18E–02 6.81E–02
q_pg_peat_ter_end 3.34E–02 5.48E–02 2.20E–01 3.33E–02 5.34E–01 1.16E–01 3.99E–02
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Parameter name obj 116 
(m3 m–2 year–1)

obj 121_1
 (m3 m–2 year–1)

obj 121_2
(m3 m–2 year–1)

obj 157_1 
(m3 m–2 year–1)

obj 157_2
(m3 m–2 year–1)

obj 159 
(m3 m–2 year–1)

obj 160
(m3 m–2 year–1)

q_pg_peat_ter_iso 6.83E–02 6.35E–02 3.96E–01 4.80E–02 4.97E–01 1.21E–01 6.65E–02
q_pg_up_lake 2.16E+00 1.05E+00 3.96E–01 1.29E+00 4.97E–01 9.85E–01 9.32E–01
q_pg_up_sea 3.77E–02 4.01E–02 3.58E–02 2.35E–02 3.09E–02 3.85E–02 3.66E–02
q_up_peat_ter_end 7.13E–02 7.88E–02 2.29E–01 2.01E–01 3.93E–01 2.15E–01 5.13E–01
q_up_peat_ter_iso 1.16E–01 2.63E–01 3.31E–01 1.56E–01 4.11E–01 2.40E–01 2.75E–01
q_up_pg_lake 2.11E+00 8.49E–01 3.00E–01 1.19E+00 3.08E–01 6.82E–01 4.10E–01
q_up_pg_sea 3.70E–02 2.03E–02 3.11E–02 2.29E–02 2.38E–02 3.44E–02 3.55E–02
q_up_wat_lake 2.16E+00 1.05E+00 3.69E–01 1.29E+00 6.56E–01 9.85E–01 9.32E–01
q_up_wat_sea 3.77E–02 4.01E–02 3.58E–02 2.35E–02 3.09E–02 3.85E–02 3.66E–02
q_up_wat_ter_end 1.27E+00 8.78E–01 3.94E–01 3.27E+00 1.25E+00 1.27E+00 3.52E–01
q_up_wat_ter_iso 9.77E–01 7.06E–01 3.76E–01 2.90E+00 1.16E+00 1.09E+00 2.93E–01
q_wat_up_lake 2.11E+00 8.49E–01 3.31E–01 1.19E+00 4.11E–01 6.82E–01 4.10E–01
q_wat_up_sea 3.70E–02 2.03E–02 3.11E–02 2.29E–02 2.38E–02 3.44E–02 3.55E–02
q_wat_up_ter_end 1.07E–03 1.56E–03 0.00E+00 2.60E–03 0.00E+00 3.37E–03 3.72E–03
q_wat_up_ter_iso 1.74E–03 –1.98E–05 0.00E+00 1.10E–03 0.00E+00 0.00E+00 0.00E+00
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Table D-2. Water flow during periglacial conditions in object 114. 

Parameter name q (m3 m–2 year–1)

q_downstream_end 9.88E+01
q_gl_low_lake 1.55E–03
q_gl_pg_lake 1.15E–02
q_low_gl_lake 9.77E–03
q_pg_gl_lake 2.55E–03
q_pg_up_lake 5.91E–02
q_up_pg_lake 4.30E–02
q_up_wat_lake 5.91E–02
q_wat_up_lake 4.30E–02

Table D-3. Water flow during periglacial conditions in object 157_1.

Parameter name q (m3 m–2year–1)

q_downstream_end_perm 4.033
q_low_gl_ter_end_perm 0.031
q_gl_low_ter_end_perm 0.000
q_gl_pg_ter_end_perm 0.031
q_pg_gl_ter_end_perm 0.000
q_up_wat_ter_end_perm 3.295
q_wat_up_ter_end_perm 0.000
q_pg_peat_ter_end_perm 0.031
q_peat_pg_ter_end_perm 0.000
q_peat_up_ter_end_perm 0.396
q_up_peat_ter_end_perm 0.021
q_low_gl_lake_perm 0.000
q_gl_low_lake_perm 0.000
q_gl_pg_lake_perm 0.000
q_pg_gl_lake_perm 0.000
q_pg_up_lake_perm 0.000
q_up_pg_lake_perm 0.000
q_up_wat_lake_perm 0.284
q_wat_up_lake_perm 0.284
WF_lobj116_perm 0.000
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Table D-4. The inter compartment water flows for the seven biosphere objects for the extended global warming climate case. The suffixes _iso och _end, 
represent the water flows at the time of isolation start and the time of isolation end, the water flow is linearly interpolated during the time period in between. 

Parameter name obj 116 
(m3 m–2 year–1)

obj 121_1
 (m3 m–2 year–1)

obj 121_2
(m3 m–2 year–1)

obj 157_1 
(m3 m–2 year–1)

obj 1517_2
(m3 m–2 year–1)

obj 159 
(m3 m–2 year–1)

obj 160
(m3 m–2 year–1)

q_downstream_end 3.59E+00 4.72E+01 1.00E+00 8.83E+00 2.89E+00 2.79E+00 1.22E+00
q_downstream_iso 3.59E+00 4.72E+01 1.00E+00 8.83E+00 2.89E+00 2.79E+00 1.22E+00
q_gl_low_lake 1.78E–02 2.85E–03 7.41E–02 7.93E–03 6.82E–02 1.50E–02 1.95E–05
q_gl_low_sea 8.97E–03 2.54E–03 1.78E–02 3.64E–03 2.13E–02 2.34E–02 2.00E–02
q_gl_low_ter_end 1.10E–02 2.58E–03 7.41E–02 8.52E–03 6.82E–02 6.41E–02 6.96E–02
q_gl_low_ter_iso 2.58E–02 3.57E–03 7.41E–02 1.12E–02 6.82E–02 6.97E–02 7.64E–02
q_gl_pg_lake 2.69E–02 5.34E–02 1.89E–01 2.96E–02 2.70E–01 2.58E–01 3.40E–01
q_gl_pg_sea 3.27E–02 3.56E–02 3.06E–02 2.01E–02 2.93E–02 3.44E–02 3.21E–02
q_gl_pg_ter_end 4.60E–02 8.30E–02 1.89E–01 6.84E–02 2.70E–01 1.41E–01 7.74E–02
q_gl_pg_ter_iso 1.08E–01 1.15E–01 1.89E–01 8.98E–02 2.70E–01 1.54E–01 8.49E–02
q_low_gl_lake 1.54E–02 4.13E–02 1.82E–01 6.77E–03 2.27E–01 2.49E–01 2.54E–01
q_low_gl_sea 9.47E–03 2.34E–02 2.26E–02 3.69E–03 2.83E–02 2.74E–02 2.09E–02
q_low_gl_ter_end 2.36E–02 6.51E–02 1.82E–01 3.18E–02 2.27E–01 1.23E–01 6.89E–02
q_low_gl_ter_iso 5.54E–02 9.00E–02 1.82E–01 4.18E–02 2.27E–01 1.34E–01 7.56E–02
q_peat_pg_ter_end 3.06E–02 1.68E–02 1.41E–01 2.93E–02 2.40E–01 1.01E–01 9.14E–02
q_peat_pg_ter_iso 7.21E–02 2.32E–02 1.41E–01 3.85E–02 2.40E–01 1.10E–01 1.00E–01
q_peat_up_ter_end 5.46E–02 1.60E–01 3.28E–01 1.43E–01 7.39E–01 6.75E–01 2.81E–01
q_peat_up_ter_iso 1.28E–01 2.21E–01 3.28E–01 1.88E–01 7.39E–01 7.35E–01 3.09E–01
q_pg_gl_lake 3.01E–02 9.26E–03 7.54E–02 1.49E–02 8.76E–02 1.66E–02 1.11E–02
q_pg_gl_sea 3.21E–02 1.57E–02 2.59E–02 1.97E–02 2.23E–02 3.03E–02 3.10E–02
q_pg_gl_ter_end 2.69E–02 1.51E–02 7.54E–02 2.57E–02 8.76E–02 8.24E–02 7.91E–02
q_pg_gl_ter_iso 6.33E–02 2.09E–02 7.54E–02 3.38E–02 8.76E–02 8.96E–02 8.68E–02
q_pg_peat_ter_end 5.11E–02 8.53E–02 3.14E–01 7.53E–02 5.96E–01 1.59E–01 8.84E–02
q_pg_peat_ter_iso 1.20E–01 1.18E–01 3.14E–01 9.89E–02 5.96E–01 1.73E–01 9.69E–02
q_pg_up_lake 2.07E+00 1.03E+00 3.14E–01 1.20E+00 5.96E–01 8.45E–01 7.87E–01
q_pg_up_sea 3.77E–02 4.01E–02 3.58E–02 2.35E–02 3.09E–02 3.85E–02 3.66E–02
q_up_peat_ter_end 5.03E–02 1.12E–01 1.49E–01 1.29E–01 3.06E–01 2.52E–01 4.02E–01
q_up_peat_ter_iso 1.18E–01 1.54E–01 1.49E–01 1.69E–01 3.06E–01 2.75E–01 4.41E–01
q_up_pg_lake 1.98E+00 9.01E–01 1.41E–01 1.09E+00 2.40E–01 4.93E–01 1.25E–01
q_up_pg_sea 3.70E–02 2.03E–02 3.11E–02 2.29E–02 2.38E–02 3.44E–02 3.55E–02
q_up_wat_lake 2.07E+00 1.03E+00 3.28E–01 1.20E+00 7.39E–01 8.45E–01 7.87E–01
q_up_wat_sea 3.77E–02 4.01E–02 3.58E–02 2.35E–02 3.09E–02 3.85E–02 3.66E–02
q_up_wat_ter_end 2.78E+00 2.15E+00 1.00E+00 7.69E+00 2.89E+00 2.76E+00 1.12E+00
q_up_wat_ter_iso 2.78E+00 2.15E+00 1.00E+00 7.69E+00 2.89E+00 2.76E+00 1.12E+00
q_wat_up_lake 1.98E+00 9.01E–01 1.49E–01 1.09E+00 3.06E–01 4.93E–01 1.25E–01
q_wat_up_sea 3.70E–02 2.03E–02 3.11E–02 2.29E–02 2.38E–02 3.44E–02 3.55E–02
q_wat_up_ter_end 9.29E–03 1.32E–03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
q_wat_up_ter_iso 9.29E–03 1.32E–03 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table D-5. Inter-basin water flow between the seven biosphere objects during the marine stage. 

Time (year) Parameter namn Water flow (m3 year–1) Description

Biosphere object 10
–6500 WF_lobj121_1 1.25E+11 Water flow from lobj10 to lobj121_1
–6500 WF_lobj157_2 9.69E+09 Water flow from lobj10 to lobj157_2
–6500 WF_lobj116 1.79E+11 Water flow from lobj10 to lobj116
–6500 WF_Baltic 1.67E+12 Water flow from lobj10 to Baltic
–3000 WF_lobj121_1 7.66E+10 Water flow from lobj10 to lobj121_1
–3000 WF_lobj157_2 2.73E+09 Water flow from lobj10 to lobj157_2
–3000 WF_lobj116 1.45E+11 Water flow from lobj10 to lobj116
–3000 WF_Baltic 1.34E+12 Water flow from lobj10 to Baltic
–1000 WF_lobj121_1 4.61E+10 Water flow from lobj10 to lobj121_1
–1000 WF_lobj157_2 1.42E+09 Water flow from lobj10 to lobj157_2
–1000 WF_lobj116 8.25E+10 Water flow from lobj10 to lobj116
–1000 WF_Baltic 5.43E+11 Water flow from lobj10 to Baltic
0 WF_lobj121_1 5.81E+10 Water flow from lobj10 to lobj121_1
0 WF_lobj157_2 6.08E+08 Water flow from lobj10 to lobj157_2
0 WF_lobj116 9.77E+10 Water flow from lobj10 to lobj116
0 WF_Baltic 2.04E+11 Water flow from lobj10 to Baltic
1000 WF_lobj121_1 3.43E+10 Water flow from lobj10 to lobj121_1
1000 WF_lobj157_2 8.79E+08 Water flow from lobj10 to lobj157_2
1000 WF_lobj116 6.04E+10 Water flow from lobj10 to lobj116
1000 WF_Baltic 7.19E+10 Water flow from lobj10 to Baltic
2000 WF_lobj121_1 8.19E+09 Water flow from lobj10 to lobj121_1
2000 WF_lobj157_2 0.00E+00 Water flow from lobj10 to lobj157_2
2000 WF_lobj116 3.06E+10 Water flow from lobj10 to lobj116
2000 WF_Baltic 6.33E+10 Water flow from lobj10 to Baltic
3000 WF_lobj121_1 1.02E+09 Water flow from lobj10 to lobj121_1
3000 WF_lobj116 3.26E+09 Water flow from lobj10 to lobj116
3000 WF_Baltic 4.32E+10 Water flow from lobj10 to Baltic
3818 WF_lobj121_1 0.00E+00 Water flow from lobj10 to lobj121_1
4000 WF_lobj116 2.72E+08 Water flow from lobj10 to lobj116
4000 WF_Baltic 1.94E+10 Water flow from lobj10 to Baltic
4540 WF_lobj116 0.00E+00 Water flow from lobj10 to lobj116
5000 WF_Baltic 8.43E+09 Water flow from lobj10 to Baltic
6000 WF_Baltic 4.43E+09 Water flow from lobj10 to Baltic
7000 WF_Baltic 2.48E+09 Water flow from lobj10 to Baltic
8000 WF_Baltic 1.14E+09 Water flow from lobj10 to Baltic
9000 WF_Baltic 3.08E+08 Water flow from lobj10 to Baltic

Biosphere object 116  

–6500 WF_lobj160 1.23E+10 Water flow from lobj116 to lobj160
–6500 WF_lobj121_1 2.39E+10 Water flow from lobj116 to lobj121_1
–6500 WF_lobj159 3.11E+10 Water flow from lobj116 to lobj159
–6500 WF_lobj157_2 6.87E+09 Water flow from lobj116 to lobj157_2
–6500 WF_lobj157_1 3.68E+10 Water flow from lobj116 to lobj157_1
–6500 WF_lobj10 1.88E+11 Water flow from lobj116 to lobj10
–3000 WF_lobj160 5.52E+09 Water flow from lobj116 to lobj160
–3000 WF_lobj121_1 2.43E+10 Water flow from lobj116 to lobj121_1
–3000 WF_lobj159 1.83E+10 Water flow from lobj116 to lobj159
–3000 WF_lobj157_2 9.75E+09 Water flow from lobj116 to lobj157_2
–3000 WF_lobj157_1 3.52E+10 Water flow from lobj116 to lobj157_1
–3000 WF_lobj10 1.09E+11 Water flow from lobj116 to lobj10
–1000 WF_lobj160 3.44E+09 Water flow from lobj116 to lobj160
–1000 WF_lobj121_1 1.14E+10 Water flow from lobj116 to lobj121_1
–1000 WF_lobj159 1.18E+10 Water flow from lobj116 to lobj159
–1000 WF_lobj157_2 4.95E+09 Water flow from lobj116 to lobj157_2
–1000 WF_lobj157_1 1.97E+10 Water flow from lobj116 to lobj157_1
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Time (year) Parameter namn Water flow (m3 year–1) Description

–1000 WF_lobj10 7.14E+10 Water flow from lobj116 to lobj10
0 WF_lobj160 4.16E+09 Water flow from lobj116 to lobj160
0 WF_lobj121_1 1.13E+10 Water flow from lobj116 to lobj121_1
0 WF_lobj159 1.48E+10 Water flow from lobj116 to lobj159
0 WF_lobj157_2 5.39E+09 Water flow from lobj116 to lobj157_2
0 WF_lobj157_1 2.22E+10 Water flow from lobj116 to lobj157_1
0 WF_lobj10 8.45E+10 Water flow from lobj116 to lobj10
1000 WF_lobj160 2.31E+09 Water flow from lobj116 to lobj160
1000 WF_lobj121_1 4.66E+09 Water flow from lobj116 to lobj121_1
1000 WF_lobj159 7.41E+09 Water flow from lobj116 to lobj159
1000 WF_lobj157_2 3.86E+09 Water flow from lobj116 to lobj157_2
1000 WF_lobj157_1 1.40E+10 Water flow from lobj116 to lobj157_1
1000 WF_lobj10 5.79E+10 Water flow from lobj116 to lobj10
2000 WF_lobj160 2.81E+09 Water flow from lobj116 to lobj160
2000 WF_lobj121_1 3.42E+09 Water flow from lobj116 to lobj121_1
2000 WF_lobj159 5.60E+09 Water flow from lobj116 to lobj159
2000 WF_lobj157_2 5.11E+08 Water flow from lobj116 to lobj157_2
2000 WF_lobj157_1 5.16E+09 Water flow from lobj116 to lobj157_1
2000 WF_lobj10 2.97E+10 Water flow from lobj116 to lobj10
3000 WF_lobj160 0.00E+00 Water flow from lobj116 to lobj160
3000 WF_lobj121_1 6.84E+08 Water flow from lobj116 to lobj121_1
3000 WF_lobj159 7.34E+08 Water flow from lobj116 to lobj159
3000 WF_lobj157_2 0.00E+00 Water flow from lobj116 to lobj157_2
3000 WF_lobj157_1 2.07E+09 Water flow from lobj116 to lobj157_1
3000 WF_lobj10 3.30E+09 Water flow from lobj116 to lobj10
3500 WF_lobj121_1 0.00E+00 Water flow from lobj116 to lobj121_1
4000 WF_lobj159 0.00E+00 Water flow from lobj116 to lobj159
4000 WF_lobj157_1 1.97E+07 Water flow from lobj116 to lobj157_1
4000 WF_lobj10 2.79E+08 Water flow from lobj116 to lobj10
4493.155894 WF_lobj157_1 0.00E+00 Water flow from lobj116 to lobj157_1
4540.466926 WF_lobj10 2.19E+06 Water flow from lobj116 to lobj10
9900 WF_lobj10 2.52E+06 Water flow from lobj116 to lobj10

Biosphere object 121_1  
–6500 WF_lobj160 1.02E+10 Water flow from lobj121_1 to lobj160
–6500 WF_lobj121_2 2.75E+10 Water flow from lobj121_1 to lobj121_2
–6500 WF_lobj116 2.77E+10 Water flow from lobj121_1 to lobj116
–6500 WF_lobj10 1.16E+11 Water flow from lobj121_1 to lobj10
–3000 WF_lobj160 4.18E+09 Water flow from lobj121_1 to lobj160
–3000 WF_lobj121_2 1.43E+10 Water flow from lobj121_1 to lobj121_2
–3000 WF_lobj116 9.77E+09 Water flow from lobj121_1 to lobj116
–3000 WF_lobj10 1.11E+11 Water flow from lobj121_1 to lobj10
–1000 WF_lobj160 3.42E+09 Water flow from lobj121_1 to lobj160
–1000 WF_lobj121_2 1.02E+10 Water flow from lobj121_1 to lobj121_2
–1000 WF_lobj116 7.15E+09 Water flow from lobj121_1 to lobj116
–1000 WF_lobj10 5.74E+10 Water flow from lobj121_1 to lobj10
0 WF_lobj160 3.82E+09 Water flow from lobj121_1 to lobj160
0 WF_lobj121_2 1.07E+10 Water flow from lobj121_1 to lobj121_2
0 WF_lobj116 1.29E+10 Water flow from lobj121_1 to lobj116
0 WF_lobj10 6.90E+10 Water flow from lobj121_1 to lobj10
1000 WF_lobj160 2.25E+09 Water flow from lobj121_1 to lobj160
1000 WF_lobj121_2 7.97E+09 Water flow from lobj121_1 to lobj121_2
1000 WF_lobj116 6.91E+09 Water flow from lobj121_1 to lobj116
1000 WF_lobj10 3.62E+10 Water flow from lobj121_1 to lobj10
2000 WF_lobj160 1.26E+09 Water flow from lobj121_1 to lobj160
2000 WF_lobj121_2 2.26E+09 Water flow from lobj121_1 to lobj121_2
2000 WF_lobj116 3.80E+09 Water flow from lobj121_1 to lobj116
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Time (year) Parameter namn Water flow (m3 year–1) Description

2000 WF_lobj10 9.07E+09 Water flow from lobj121_1 to lobj10
3000 WF_lobj160 5.16E+07 Water flow from lobj121_1 to lobj160
3000 WF_lobj121_2 3.67E+08 Water flow from lobj121_1 to lobj121_2
3000 WF_lobj116 6.89E+08 Water flow from lobj121_1 to lobj116
3000 WF_lobj10 9.58E+08 Water flow from lobj121_1 to lobj10
3210.469314 WF_lobj160 0.00E+00 Water flow from lobj121_1 to lobj160
3500 WF_lobj116 0.00E+00 Water flow from lobj121_1 to lobj116
3682.656827 WF_lobj121_2 0.00E+00 Water flow from lobj121_1 to lobj121_2
3818.450185 WF_lobj10 4.37E+06 Water flow from lobj121_1 to lobj10
6400 WF_lobj10 4.69E+06 Water flow from lobj121_1 to lobj10

Biosphere object 121_2  
–6500 WF_lobj160 7.14E+09 Water flow from lobj121_2 to lobj160
–6500 WF_lobj157_2 1.86E+10 Water flow from lobj121_2 to lobj157_2
–6500 WF_lobj121_1 2.60E+10 Water flow from lobj121_2 to lobj121_1
–3000 WF_lobj160 6.93E+09 Water flow from lobj121_2 to lobj160
–3000 WF_lobj157_2 6.13E+09 Water flow from lobj121_2 to lobj157_2
–3000 WF_lobj121_1 2.10E+10 Water flow from lobj121_2 to lobj121_1
–1000 WF_lobj160 4.15E+09 Water flow from lobj121_2 to lobj160
–1000 WF_lobj157_2 4.23E+09 Water flow from lobj121_2 to lobj157_2
–1000 WF_lobj121_1 1.22E+10 Water flow from lobj121_2 to lobj121_1
0 WF_lobj160 3.88E+09 Water flow from lobj121_2 to lobj160
0 WF_lobj157_2 2.97E+09 Water flow from lobj121_2 to lobj157_2
0 WF_lobj121_1 1.65E+10 Water flow from lobj121_2 to lobj121_1
1000 WF_lobj160 3.53E+09 Water flow from lobj121_2 to lobj160
1000 WF_lobj157_2 1.98E+09 Water flow from lobj121_2 to lobj157_2
1000 WF_lobj121_1 9.76E+09 Water flow from lobj121_2 to lobj121_1
2000 WF_lobj160 5.32E+08 Water flow from lobj121_2 to lobj160
2000 WF_lobj157_2 6.24E+08 Water flow from lobj121_2 to lobj157_2
2000 WF_lobj121_1 3.17E+09 Water flow from lobj121_2 to lobj121_1
3000 WF_lobj160 1.06E+08 Water flow from lobj121_2 to lobj160
3000 WF_lobj157_2 0.00E+00 Water flow from lobj121_2 to lobj157_2
3000 WF_lobj121_1 3.08E+08 Water flow from lobj121_2 to lobj121_1
3210.469314 WF_lobj160 0.00E+00 Water flow from lobj121_2 to lobj160
3682.656827 WF_lobj121_1 6.63E+04 Water flow from lobj121_2 to lobj121_1
4000 WF_lobj121_1 6.95E+04 Water flow from lobj121_2 to lobj121_1

Biosphere object 157_1  
–6500 WF_lobj159 7.72E+09 Water flow from lobj157_1 to lobj159
–6500 WF_lobj157_2 2.58E+10 Water flow from lobj157_1 to lobj157_2
–6500 WF_lobj116 4.27E+10 Water flow from lobj157_1 to lobj116
–3000 WF_lobj159 9.62E+09 Water flow from lobj157_1 to lobj159
–3000 WF_lobj157_2 2.17E+10 Water flow from lobj157_1 to lobj157_2
–3000 WF_lobj116 1.49E+10 Water flow from lobj157_1 to lobj116
–1000 WF_lobj159 5.26E+09 Water flow from lobj157_1 to lobj159
–1000 WF_lobj157_2 1.12E+10 Water flow from lobj157_1 to lobj157_2
–1000 WF_lobj116 1.34E+10 Water flow from lobj157_1 to lobj116
0 WF_lobj159 4.77E+09 Water flow from lobj157_1 to lobj159
0 WF_lobj157_2 1.55E+10 Water flow from lobj157_1 to lobj157_2
0 WF_lobj116 7.48E+09 Water flow from lobj157_1 to lobj116
1000 WF_lobj159 2.62E+09 Water flow from lobj157_1 to lobj159
1000 WF_lobj157_2 8.95E+09 Water flow from lobj157_1 to lobj157_2
1000 WF_lobj116 6.48E+09 Water flow from lobj157_1 to lobj116
2000 WF_lobj159 8.01E+08 Water flow from lobj157_1 to lobj159
2000 WF_lobj157_2 2.78E+09 Water flow from lobj157_1 to lobj157_2
2000 WF_lobj116 3.06E+09 Water flow from lobj157_1 to lobj116
3000 WF_lobj159 1.96E+08 Water flow from lobj157_1 to lobj159
3000 WF_lobj157_2 7.87E+08 Water flow from lobj157_1 to lobj157_2
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Time (year) Parameter namn Water flow (m3 year–1) Description

3000 WF_lobj116 1.63E+09 Water flow from lobj157_1 to lobj116
4000 WF_lobj116 2.04E+07 Water flow from lobj157_1 to lobj116
4083 WF_lobj159 0.00E+00 Water flow from lobj157_1 to lobj159
4275 WF_lobj157_2 0.00E+00 Water flow from lobj157_1 to lobj157_2
4493 WF_lobj116 3.53E+05 Water flow from lobj157_1 to lobj116
5700 WF_lobj116 4.42E+05 Water flow from lobj157_1 to lobj116

Biosphere object 157_2  
–6500 WF_lobj160 3.01E+09 Water flow from lobj157_2 to lobj160
–6500 WF_lobj121_2 1.60E+10 Water flow from lobj157_2 to lobj121_2
–6500 WF_lobj159 1.37E+10 Water flow from lobj157_2 to lobj159
–6500 WF_lobj157_1 3.00E+10 Water flow from lobj157_2 to lobj157_1
–6500 WF_lobj116 8.03E+09 Water flow from lobj157_2 to lobj116
–6500 WF_lobj10 9.26E+09 Water flow from lobj157_2 to lobj10
–3000 WF_lobj160 5.60E+09 Water flow from lobj157_2 to lobj160
–3000 WF_lobj121_2 1.60E+10 Water flow from lobj157_2 to lobj121_2
–3000 WF_lobj159 1.05E+10 Water flow from lobj157_2 to lobj159
–3000 WF_lobj157_1 7.86E+09 Water flow from lobj157_2 to lobj157_1
–3000 WF_lobj116 5.79E+09 Water flow from lobj157_2 to lobj116
–3000 WF_lobj10 3.97E+09 Water flow from lobj157_2 to lobj10
–1000 WF_lobj160 2.70E+09 Water flow from lobj157_2 to lobj160
–1000 WF_lobj121_2 7.05E+09 Water flow from lobj157_2 to lobj121_2
–1000 WF_lobj159 6.56E+09 Water flow from lobj157_2 to lobj159
–1000 WF_lobj157_1 6.64E+09 Water flow from lobj157_2 to lobj157_1
–1000 WF_lobj116 3.95E+09 Water flow from lobj157_2 to lobj116
–1000 WF_lobj10 1.82E+09 Water flow from lobj157_2 to lobj10
0 WF_lobj160 3.70E+09 Water flow from lobj157_2 to lobj160
0 WF_lobj121_2 8.59E+09 Water flow from lobj157_2 to lobj121_2
0 WF_lobj159 1.82E+09 Water flow from lobj157_2 to lobj159
0 WF_lobj157_1 3.50E+09 Water flow from lobj157_2 to lobj157_1
0 WF_lobj116 4.97E+09 Water flow from lobj157_2 to lobj116
0 WF_lobj10 2.88E+09 Water flow from lobj157_2 to lobj10
1000 WF_lobj160 2.86E+09 Water flow from lobj157_2 to lobj160
1000 WF_lobj121_2 4.57E+09 Water flow from lobj157_2 to lobj121_2
1000 WF_lobj159 2.47E+09 Water flow from lobj157_2 to lobj159
1000 WF_lobj157_1 2.81E+09 Water flow from lobj157_2 to lobj157_1
1000 WF_lobj116 3.00E+09 Water flow from lobj157_2 to lobj116
1000 WF_lobj10 1.45E+09 Water flow from lobj157_2 to lobj10
2000 WF_lobj160 5.06E+08 Water flow from lobj157_2 to lobj160
2000 WF_lobj121_2 2.80E+08 Water flow from lobj157_2 to lobj121_2
2000 WF_lobj159 2.48E+09 Water flow from lobj157_2 to lobj159
2000 WF_lobj157_1 7.48E+08 Water flow from lobj157_2 to lobj157_1
2000 WF_lobj116 5.39E+08 Water flow from lobj157_2 to lobj116
2000 WF_lobj10 0.00E+00 Water flow from lobj157_2 to lobj10
3000 WF_lobj160 0.00E+00 Water flow from lobj157_2 to lobj160
3000 WF_lobj121_2 0.00E+00 Water flow from lobj157_2 to lobj121_2
3000 WF_lobj159 7.86E+08 Water flow from lobj157_2 to lobj159
3000 WF_lobj157_1 4.01E+08 Water flow from lobj157_2 to lobj157_1
3000 WF_lobj116 0.00E+00 Water flow from lobj157_2 to lobj116
3500 WF_lobj159 0.00E+00 Water flow from lobj157_2 to lobj159
4275 WF_lobj157_1 1.71E+05 Water flow from lobj157_2 to lobj157_1
4500 WF_lobj157_1 1.84E+05 Water flow from lobj157_2 to lobj157_1

Biosphere object 159  
–6500 WF_lobj157_1 9.61E+09 Water flow from lobj159 to lobj157_1
–6500 WF_lobj157_2 1.37E+10 Water flow from lobj159 to lobj157_2
–6500 WF_lobj116 2.95E+10 Water flow from lobj159 to lobj116
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Time (year) Parameter namn Water flow (m3 year–1) Description

–3000 WF_lobj157_1 2.93E+09 Water flow from lobj159 to lobj157_1
–3000 WF_lobj157_2 1.11E+10 Water flow from lobj159 to lobj157_2
–3000 WF_lobj116 2.36E+10 Water flow from lobj159 to lobj116
–1000 WF_lobj157_1 3.01E+09 Water flow from lobj159 to lobj157_1
–1000 WF_lobj157_2 6.67E+09 Water flow from lobj159 to lobj157_2
–1000 WF_lobj116 1.30E+10 Water flow from lobj159 to lobj116
0 WF_lobj157_1 2.04E+09 Water flow from lobj159 to lobj157_1
0 WF_lobj157_2 2.99E+09 Water flow from lobj159 to lobj157_2
0 WF_lobj116 1.61E+10 Water flow from lobj159 to lobj116
1000 WF_lobj157_1 1.22E+09 Water flow from lobj159 to lobj157_1
1000 WF_lobj157_2 1.38E+09 Water flow from lobj159 to lobj157_2
1000 WF_lobj116 9.78E+09 Water flow from lobj159 to lobj116
2000 WF_lobj157_1 7.42E+08 Water flow from lobj159 to lobj157_1
2000 WF_lobj157_2 5.51E+08 Water flow from lobj159 to lobj157_2
2000 WF_lobj116 7.27E+09 Water flow from lobj159 to lobj116
3000 WF_lobj157_1 1.44E+08 Water flow from lobj159 to lobj157_1
3000 WF_lobj157_2 4.00E+08 Water flow from lobj159 to lobj157_2
3000 WF_lobj116 1.17E+09 Water flow from lobj159 to lobj116
3500 WF_lobj157_2 0.00E+00 Water flow from lobj159 to lobj157_2
4000 WF_lobj116 0.00E+00 Water flow from lobj159 to lobj116
4083.65019 WF_lobj157_1 1.16E+05 Water flow from lobj159 to lobj157_1
7600 WF_lobj157_1 1.31E+05 Water flow from lobj159 to lobj157_1

Biosphere object 160
–6500 WF_lobj121_1 8.23E+09 Water flow from lobj160 to lobj121_1
–6500 WF_lobj121_2 8.26E+09 Water flow from lobj160 to lobj121_2
–6500 WF_lobj157_2 4.05E+09 Water flow from lobj160 to lobj157_2
–6500 WF_lobj116 1.20E+10 Water flow from lobj160 to lobj116
–3000 WF_lobj121_1 1.12E+10 Water flow from lobj160 to lobj121_1
–3000 WF_lobj121_2 3.62E+09 Water flow from lobj160 to lobj121_2
–3000 WF_lobj157_2 1.91E+09 Water flow from lobj160 to lobj157_2
–3000 WF_lobj116 5.53E+09 Water flow from lobj160 to lobj116
–1000 WF_lobj121_1 5.48E+09 Water flow from lobj160 to lobj121_1
–1000 WF_lobj121_2 3.16E+09 Water flow from lobj160 to lobj121_2
–1000 WF_lobj157_2 1.65E+09 Water flow from lobj160 to lobj157_2
–1000 WF_lobj116 3.57E+09 Water flow from lobj160 to lobj116
0 WF_lobj121_1 5.57E+09 Water flow from lobj160 to lobj121_1
0 WF_lobj121_2 4.01E+09 Water flow from lobj160 to lobj121_2
0 WF_lobj157_2 2.35E+09 Water flow from lobj160 to lobj157_2
0 WF_lobj116 3.29E+09 Water flow from lobj160 to lobj116
1000 WF_lobj121_1 3.15E+09 Water flow from lobj160 to lobj121_1
1000 WF_lobj121_2 2.74E+09 Water flow from lobj160 to lobj121_2
1000 WF_lobj157_2 1.57E+09 Water flow from lobj160 to lobj157_2
1000 WF_lobj116 3.54E+09 Water flow from lobj160 to lobj116
2000 WF_lobj121_1 1.22E+09 Water flow from lobj160 to lobj121_1
2000 WF_lobj121_2 1.78E+09 Water flow from lobj160 to lobj121_2
2000 WF_lobj157_2 2.12E+08 Water flow from lobj160 to lobj157_2
2000 WF_lobj116 1.60E+09 Water flow from lobj160 to lobj116
3000 WF_lobj121_1 1.09E+08 Water flow from lobj160 to lobj121_1
3000 WF_lobj121_2 4.86E+07 Water flow from lobj160 to lobj121_2
3000 WF_lobj157_2 0.00E+00 Water flow from lobj160 to lobj157_2
3000 WF_lobj116 0.00E+00 Water flow from lobj160 to lobj116
3210 WF_lobj121_1 5.59E+04 Water flow from lobj160 to lobj121_1
3210 WF_lobj121_2 0.00E+00 Water flow from lobj160 to lobj121_2
8800 WF_lobj121_1 5.51E+04 Water flow from lobj160 to lobj121_1
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Appendix E

Does coefficient for non-human biota

Table E-1. DCC_ext_beta_gamma for marine organisms ((µGy h–1)/(Bq l–1)). 

Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto- 
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Ac-227 6.63E–08 7.32E–08 9.16E–08 6.97E–08 5.53E–08 1.10E–07 2.50E–08 7.23E–08 2.12E–07 9.69E–08 7.17E–08 8.98E–08 1.31E–07
Ag-108m 7.99E–04 8.53E–04 9.06E–04 8.20E–04 7.21E–04 9.36E–04 4.04E–04 8.37E–04 9.73E–04 9.19E–04 8.33E–04 9.03E–04 9.51E–04
Am-241 1.10E–05 1.20E–05 1.50E–05 1.10E–05 8.40E–06 1.70E–05 3.30E–06 1.20E–05 3.20E–03 1.50E–05 1.16E–05 1.50E–05 1.80E–05
Am-242m 7.86E–06 8.89E–06 1.22E–05 8.32E–06 6.37E–06 2.07E–05 2.78E–06 8.70E–06 7.72E–05 1.39E–05 8.61E–06 1.18E–05 2.47E–05
Am-243 1.06E–04 1.14E–04 1.25E–04 1.09E–04 9.11E–05 1.34E–04 4.24E–05 1.12E–04 1.89E–04 1.27E–04 1.12E–04 1.24E–04 1.39E–04
Ba-133 1.89E–04 2.04E–04 2.21E–04 1.95E–04 1.65E–04 2.28E–04 8.36E–05 2.00E–04 2.37E–04 2.24E–04 1.99E–04 2.20E–04 2.31E–04
Be-10 9.14E–07 1.14E–06 3.57E–06 1.07E–06 5.50E–07 1.62E–05 1.88E–07 1.16E–06 1.11E–04 5.50E–06 1.14E–06 3.13E–06 2.14E–05
C-14-ind 1.80E–08 1.80E–08 7.20E–08 2.10E–08 1.04E–08 1.60E–07 3.60E–09 2.30E–08 2.90E–05 7.20E–08 2.30E–08 6.20E–08 4.30E–07
C-14-inorg 1.80E–08 1.80E–08 7.20E–08 2.10E–08 1.04E–08 1.60E–07 3.60E–09 2.30E–08 2.90E–05 7.20E–08 2.30E–08 6.20E–08 4.30E–07
C-14-org 1.80E–08 1.80E–08 7.20E–08 2.10E–08 1.04E–08 1.60E–07 3.60E–09 2.30E–08 2.90E–05 7.20E–08 2.30E–08 6.20E–08 4.30E–07
Ca-41 2.04E–09 2.07E–09 8.59E–09 2.42E–09 1.16E–09 2.38E–08 4.04E–10 2.67E–09 7.94E–08 1.03E–08 2.62E–09 7.39E–09 4.18E–08
Cd-113m 5.56E–07 6.79E–07 2.16E–06 6.48E–07 3.34E–07 9.54E–06 1.14E–07 7.07E–07 7.15E–05 3.20E–06 6.94E–07 1.89E–06 1.30E–05
Cl-36 1.40E–06 1.80E–06 5.10E–06 1.60E–06 8.32E–07 2.30E–05 3.10E–07 1.70E–06 1.60E–04 8.60E–06 1.67E–06 4.60E–06 3.10E–05
Cm-242 1.60E–07 2.30E–07 4.80E–07 1.80E–07 9.15E–08 7.60E–07 3.10E–08 2.10E–07 3.50E–03 5.80E–07 2.05E–07 4.60E–07 9.10E–07
Cm-243 6.20E–05 6.60E–05 7.20E–05 6.40E–05 5.37E–05 7.70E–05 2.60E–05 6.50E–05 3.50E–03 7.40E–05 6.48E–05 7.20E–05 7.90E–05
Cm-244 1.40E–07 2.10E–07 4.40E–07 1.70E–07 8.14E–08 7.00E–07 2.80E–08 1.90E–07 3.30E–03 5.30E–07 1.86E–07 4.20E–07 8.40E–07
Cm-245 4.23E–05 4.56E–05 5.03E–05 4.38E–05 3.63E–05 5.31E–05 1.66E–05 4.50E–05 5.99E–05 5.14E–05 4.47E–05 5.00E–05 5.45E–05
Cm-246 1.27E–07 1.88E–07 3.96E–07 1.50E–07 7.34E–08 6.24E–07 2.49E–08 1.73E–07 9.92E–07 4.77E–07 1.67E–07 3.78E–07 7.53E–07
Co-60 1.30E–03 1.30E–03 1.40E–03 1.30E–03 1.16E–03 1.40E–03 7.20E–04 1.30E–03 1.50E–03 1.40E–03 1.31E–03 1.40E–03 1.40E–03
Cs-134 7.70E–04 8.20E–04 8.70E–04 7.90E–04 7.00E–04 9.00E–04 4.00E–04 8.10E–04 9.90E–04 8.80E–04 8.02E–04 8.70E–04 9.10E–04
Cs-135 4.30E–08 4.30E–08 1.70E–07 5.00E–08 2.49E–08 4.30E–07 8.60E–09 5.50E–08 3.90E–05 1.70E–07 5.36E–08 1.40E–07 9.90E–07
Cs-137 2.80E–04 3.00E–04 3.20E–04 2.90E–04 2.53E–04 3.40E–04 1.40E–04 2.90E–04 4.70E–04 3.30E–04 2.91E–04 3.20E–04 3.50E–04
Eu-152 5.70E–04 6.10E–04 6.50E–04 5.90E–04 5.22E–04 6.70E–04 3.10E–04 6.00E–04 7.30E–04 6.50E–04 5.97E–04 6.40E–04 6.70E–04
Eu-154 6.20E–04 6.60E–04 7.00E–04 6.40E–04 5.67E–04 7.30E–04 3.40E–04 6.50E–04 8.80E–04 7.10E–04 6.46E–04 7.00E–04 7.50E–04
Eu-155 2.81E–05 3.04E–05 3.34E–05 2.92E–05 2.36E–05 3.45E–05 1.02E–05 3.00E–05 3.93E–05 3.39E–05 2.99E–05 3.33E–05 3.51E–05
Fe-55 1.47E–08 1.49E–08 6.18E–08 1.74E–08 8.32E–09 1.71E–07 2.91E–09 1.92E–08 5.72E–07 7.42E–08 1.88E–08 5.32E–08 3.00E–07
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 3.60E–13 7.72E–13 2.90E–12 7.40E–15 1.94E–13 2.00E–11 3.30E–14 8.30E–15 3.23E–06 2.90E–12 8.11E–15 2.60E–12 1.60E–13
Ho-166m 8.62E–04 9.18E–04 9.72E–04 8.84E–04 7.79E–04 9.97E–04 4.39E–04 9.02E–04 1.03E–03 9.83E–04 8.98E–04 9.69E–04 1.01E–03
I-129 7.10E–06 9.20E–06 1.20E–05 7.90E–06 4.85E–06 1.30E–05 1.60E–06 8.50E–06 5.10E–05 1.30E–05 8.38E–06 1.20E–05 1.40E–05
In-115 3.51E–07 4.05E–07 1.36E–06 4.09E–07 2.11E–07 5.72E–06 7.11E–08 4.46E–07 5.08E–05 1.81E–06 4.38E–07 1.18E–06 8.15E–06
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Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto- 
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Mo-93 7.91E–07 1.19E–06 2.68E–06 9.44E–07 4.46E–07 4.36E–06 1.52E–07 1.09E–06 6.12E–06 3.27E–06 1.05E–06 2.55E–06 5.16E–06
Nb-93m 1.41E–07 2.11E–07 4.78E–07 1.69E–07 7.95E–08 7.78E–07 2.70E–08 1.96E–07 1.47E–06 5.83E–07 1.89E–07 4.54E–07 9.67E–07
Nb-94 7.80E–04 8.30E–04 8.80E–04 8.00E–04 7.12E–04 9.00E–04 4.10E–04 8.20E–04 1.00E–03 8.90E–04 8.13E–04 8.80E–04 9.10E–04
Ni-59 2.50E–08 2.50E–08 1.00E–07 2.90E–08 1.40E–08 2.90E–07 4.90E–09 3.20E–08 4.00E–06 1.20E–07 3.16E–08 8.90E–08 5.00E–07
Ni-63 1.10E–09 1.10E–09 4.70E–09 1.60E–09 6.06E–10 7.00E–09 1.70E–10 1.70E–09 9.90E–06 4.60E–09 1.71E–09 4.00E–09 3.60E–08
Np-237 1.20E–05 1.30E–05 1.60E–05 1.30E–05 9.89E–06 1.80E–05 4.30E–06 1.30E–05 2.80E–03 1.70E–05 1.30E–05 1.60E–05 1.90E–05
Pa-231 1.84E–05 2.01E–05 2.29E–05 1.91E–05 1.60E–05 2.53E–05 8.04E–06 1.97E–05 3.01E–05 2.37E–05 1.95E–05 2.27E–05 2.66E–05
Pb-210 3.90E–06 6.10E–06 1.30E–05 4.50E–06 2.47E–06 4.70E–05 8.80E–07 4.90E–06 2.50E–04 2.20E–05 4.81E–06 1.20E–05 7.20E–05
Pd-107 1.33E–10 1.27E–10 5.73E–10 3.08E–10 6.43E–11 8.18E–10 1.58E–11 3.41E–10 3.42E–08 5.62E–10 3.34E–10 4.88E–10 7.54E–09
Pm-147 4.07E–08 4.12E–08 1.53E–07 4.75E–08 2.44E–08 4.00E–07 8.57E–09 5.17E–08 7.55E–06 1.57E–07 5.08E–08 1.33E–07 9.00E–07
Po-210 4.20E–09 4.50E–09 4.70E–09 4.30E–09 3.85E–09 4.90E–09 2.20E–09 4.40E–09 3.10E–03 4.80E–09 4.39E–09 4.70E–09 4.90E–09
Pu-238 1.40E–07 2.00E–07 4.40E–07 1.60E–07 8.08E–08 7.10E–07 2.80E–08 1.90E–07 3.20E–03 5.30E–07 1.80E–07 4.10E–07 8.80E–07
Pu-239 7.70E–08 1.00E–07 1.90E–07 8.80E–08 5.27E–08 3.00E–07 2.10E–08 9.70E–08 3.00E–03 2.30E–07 9.46E–08 1.90E–07 3.60E–07
Pu-240 1.30E–07 1.90E–07 4.20E–07 1.60E–07 7.82E–08 6.80E–07 2.70E–08 1.80E–07 3.00E–03 5.10E–07 1.74E–07 4.00E–07 8.50E–07
Pu-241 8.20E–10 9.10E–10 1.10E–09 8.60E–10 6.84E–10 1.30E–09 3.10E–10 8.90E–10 3.10E–06 1.20E–09 8.80E–10 1.10E–09 1.40E–09
Pu-242 1.11E–07 1.60E–07 3.48E–07 1.31E–07 6.54E–08 5.66E–07 2.28E–08 1.50E–07 9.74E–07 4.20E–07 1.45E–07 3.30E–07 7.03E–07
Ra-226 9.00E–04 9.70E–04 1.00E–03 9.20E–04 8.20E–04 1.10E–03 5.00E–04 9.40E–04 1.50E–02 1.10E–03 9.36E–04 1.00E–03 1.20E–03
Ra-228 4.90E–04 5.20E–04 5.60E–04 5.00E–04 4.42E–04 6.00E–04 2.60E–04 5.10E–04 8.40E–04 5.70E–04 5.06E–04 5.50E–04 6.40E–04
Ru-106 1.50E–04 2.20E–04 2.80E–04 1.60E–04 1.21E–04 4.90E–04 6.10E–05 1.70E–04 9.40E–04 3.40E–04 1.65E–04 2.70E–04 7.40E–04
Sb-125 2.10E–04 2.20E–04 2.40E–04 2.10E–04 1.87E–04 2.50E–04 1.00E–04 2.20E–04 3.10E–04 2.40E–04 2.18E–04 2.40E–04 2.50E–04
Se-79 2.40E–08 2.40E–08 9.40E–08 2.80E–08 1.36E–08 2.10E–07 4.70E–09 3.10E–08 3.20E–05 9.40E–08 3.01E–08 8.10E–08 5.60E–07
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 2.62E–09 3.06E–09 9.64E–09 3.36E–09 1.49E–09 1.48E–08 4.60E–10 3.74E–09 3.94E–07 9.98E–09 3.65E–09 8.54E–09 5.39E–08
Sn-126 7.97E–04 8.60E–04 9.25E–04 8.19E–04 7.17E–04 1.01E–03 4.00E–04 8.37E–04 1.29E–03 9.53E–04 8.33E–04 9.19E–04 1.10E–03
Sr-90 2.00E–05 5.00E–05 7.70E–05 2.30E–05 1.22E–05 2.00E–04 4.20E–06 2.70E–05 6.50E–04 1.10E–04 2.61E–05 6.90E–05 3.60E–04
Tc-99 1.20E–07 1.20E–07 4.60E–07 1.40E–07 7.16E–08 1.50E–06 2.40E–08 1.50E–07 5.80E–05 5.00E–07 1.50E–07 4.00E–07 2.70E–06
Th-228 8.10E–04 8.80E–04 9.40E–04 8.30E–04 7.43E–04 1.10E–03 4.80E–04 8.50E–04 2.00E–02 9.80E–04 8.39E–04 9.30E–04 1.20E–03
Th-229 4.14E–05 4.46E–05 4.94E–05 4.29E–05 3.54E–05 5.25E–05 1.60E–05 4.41E–05 6.35E–05 5.04E–05 4.38E–05 4.91E–05 5.44E–05
Th-230 2.40E–07 2.80E–07 4.40E–07 2.60E–07 1.85E–07 6.30E–07 7.70E–08 2.80E–07 2.70E–03 4.90E–07 2.72E–07 4.20E–07 7.90E–07
Th-232 1.40E–07 1.80E–07 3.20E–07 1.60E–07 1.03E–07 5.00E–07 4.10E–08 1.70E–07 2.30E–03 3.70E–07 1.69E–07 3.00E–07 6.50E–07
U-232 2.40E–07 3.04E–07 5.59E–07 2.68E–07 1.69E–07 8.67E–07 6.76E–08 2.94E–07 1.79E–06 6.51E–07 2.87E–07 5.34E–07 1.08E–06
U-233 2.18E–07 2.59E–07 3.97E–07 2.36E–07 1.70E–07 5.58E–07 7.51E–08 2.52E–07 9.34E–07 4.45E–07 2.48E–07 3.83E–07 6.67E–07
U-234 1.50E–07 2.00E–07 4.10E–07 1.80E–07 1.02E–07 6.60E–07 3.90E–08 2.00E–07 2.80E–03 4.90E–07 1.90E–07 3.90E–07 8.30E–07
U-235 8.10E–05 8.70E–05 9.60E–05 8.40E–05 7.04E–05 1.00E–04 3.40E–05 8.60E–05 2.80E–03 9.80E–05 8.54E–05 9.50E–05 1.00E–04
U-236 1.20E–07 1.64E–07 3.54E–07 1.39E–07 7.50E–08 5.89E–07 2.73E–08 1.57E–07 1.14E–06 4.25E–07 1.52E–07 3.35E–07 7.42E–07
U-238 9.50E–08 1.30E–07 3.00E–07 1.10E–07 5.69E–08 5.10E–07 2.00E–08 1.30E–07 2.40E–03 3.60E–07 1.23E–07 2.80E–07 6.40E–07
Zr-93 1.38E–09 1.35E–09 5.87E–09 1.95E–09 7.56E–10 8.76E–09 2.16E–10 2.14E–09 3.29E–07 5.76E–09 2.10E–09 5.01E–09 4.39E–08
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Tabel E-2. DCC_ext_beta_gamma for liminc organisms ((µGy h–1)/(Bq l–1)). 

Radionuclides Amphibian Benthic  
fish

Bird Bivalve 
mollusc

Crustacean Gastropod Insect  
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phyto- 
plankton

Vascular 
plant

Zooplankton

Ac-227 8.82E–08 6.67E–08 6.63E–08 8.35E–08 1.47E–07 1.02E–07 1.46E–07 5.76E–08 6.56E–07 6.81E–08 6.56E–07 1.44E–07 1.54E–07
Ag-108m 8.99E–04 8.06E–04 7.99E–04 8.85E–04 9.60E–04 9.23E–04 9.59E–04 7.31E–04 9.74E–04 8.15E–04 9.74E–04 9.53E–04 9.65E–04
Am-241 1.40E–05 1.10E–05 1.10E–05 1.40E–05 1.80E–05 1.60E–05 1.80E–05 8.90E–06 2.27E–05 1.10E–05 3.20E–03 1.80E–05 1.90E–05
Am-242m 1.15E–05 7.89E–06 7.86E–06 1.06E–05 3.54E–05 1.43E–05 3.41E–05 6.70E–06 9.14E–05 8.07E–06 9.14E–05 3.87E–05 4.74E–05
Am-243 1.24E–04 1.07E–04 1.06E–04 1.21E–04 1.48E–04 1.29E–04 1.46E–04 9.39E–05 2.14E–04 1.08E–04 2.14E–04 1.52E–04 1.56E–04
Ba-133 2.19E–04 1.91E–04 1.89E–04 2.15E–04 2.33E–04 2.25E–04 2.32E–04 1.69E–04 2.42E–04 1.93E–04 2.42E–04 2.33E–04 2.34E–04
Be-10 2.92E–06 8.74E–07 9.14E–07 2.24E–06 3.95E–05 5.73E–06 3.73E–05 6.47E–07 1.24E–04 9.16E–07 1.24E–04 4.59E–05 6.12E–05
C-14-ind 5.90E–08 1.70E–08 1.80E–08 4.50E–08 9.00E–07 1.20E–07 8.20E–07 1.20E–08 8.90E–06 1.80E–08 2.90E–05 1.10E–06 1.30E–06
C-14-inorg 5.90E–08 1.70E–08 1.80E–08 4.50E–08 9.00E–07 1.20E–07 8.20E–07 1.20E–08 8.90E–06 1.80E–08 2.90E–05 1.10E–06 1.30E–06
C-14-org 5.90E–08 1.70E–08 1.80E–08 4.50E–08 9.00E–07 1.20E–07 8.20E–07 1.20E–08 8.90E–06 1.80E–08 2.90E–05 1.10E–06 1.30E–06
Ca-41 6.94E–09 1.94E–09 2.04E–09 5.31E–09 5.81E–08 1.42E–08 5.69E–08 1.39E–09 8.03E–08 2.04E–09 8.03E–08 5.38E–08 6.27E–08
Cd-113m 1.77E–06 5.31E–07 5.56E–07 1.36E–06 2.43E–05 3.47E–06 2.29E–05 3.93E–07 8.33E–05 5.57E–07 8.33E–05 2.91E–05 3.75E–05
Cl-36 4.20E–06 1.30E–06 1.40E–06 3.30E–06 5.40E–05 8.30E–06 5.10E–05 9.80E–07 1.40E–04 1.40E–06 1.60E–04 5.50E–05 8.10E–05
Cm-242 4.30E–07 1.60E–07 1.60E–07 3.60E–07 1.00E–06 6.20E–07 1.00E–06 1.10E–07 1.81E–06 1.70E–07 3.50E–03 9.80E–07 1.00E–06
Cm-243 7.10E–05 6.20E–05 6.20E–05 7.00E–05 8.30E–05 7.40E–05 8.20E–05 5.50E–05 1.12E–04 6.30E–05 3.50E–03 8.50E–05 8.60E–05
Cm-244 4.00E–07 1.40E–07 1.40E–07 3.30E–07 9.30E–07 5.70E–07 9.20E–07 9.60E–08 1.62E–06 1.50E–07 3.30E–03 9.00E–07 9.50E–07
Cm-245 4.97E–05 4.26E–05 4.23E–05 4.86E–05 5.57E–05 5.18E–05 5.56E–05 3.75E–05 6.48E–05 4.32E–05 6.48E–05 5.58E–05 5.64E–05
Cm-246 3.56E–07 1.28E–07 1.27E–07 2.97E–07 8.34E–07 5.11E–07 8.28E–07 8.64E–08 1.50E–06 1.38E–07 1.50E–06 8.03E–07 8.57E–07
Co-60 1.40E–03 1.30E–03 1.30E–03 1.40E–03 1.40E–03 1.40E–03 1.40E–03 1.20E–03 1.47E–03 1.30E–03 1.50E–03 1.40E–03 1.50E–03
Cs-134 8.60E–04 7.80E–04 7.70E–04 8.50E–04 9.20E–04 8.80E–04 9.20E–04 7.10E–04 9.72E–04 7.90E–04 9.90E–04 9.20E–04 9.30E–04
Cs-135 1.40E–07 4.10E–08 4.30E–08 1.00E–07 2.20E–06 2.70E–07 2.00E–06 3.00E–08 1.56E–05 4.30E–08 3.90E–05 2.70E–06 3.00E–06
Cs-137 3.20E–04 2.80E–04 2.80E–04 3.10E–04 3.70E–04 3.30E–04 3.70E–04 2.60E–04 4.45E–04 2.90E–04 4.70E–04 3.70E–04 3.90E–04
Eu-152 6.40E–04 5.80E–04 5.70E–04 6.30E–04 6.80E–04 6.60E–04 6.80E–04 5.30E–04 7.12E–04 5.80E–04 7.30E–04 6.80E–04 6.90E–04
Eu-154 6.90E–04 6.30E–04 6.20E–04 6.80E–04 7.80E–04 7.10E–04 7.70E–04 5.70E–04 8.46E–04 6.30E–04 8.80E–04 7.70E–04 7.90E–04
Eu-155 3.31E–05 2.83E–05 2.81E–05 3.25E–05 3.58E–05 3.41E–05 3.57E–05 2.45E–05 4.51E–05 2.88E–05 4.51E–05 3.60E–05 3.63E–05
Fe-55 4.99E–08 1.39E–08 1.47E–08 3.82E–08 4.18E–07 1.02E–07 4.10E–07 9.97E–09 5.78E–07 1.47E–08 5.78E–07 3.87E–07 4.51E–07
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 2.50E–12 3.70E–13 3.60E–13 1.50E–12 2.50E–13 4.80E–14 2.40E–13 2.80E–13 4.99E–08 3.60E–13 3.23E–06 8.64E–10 1.27E–10
Ho-166m 9.65E–04 8.70E–04 8.62E–04 9.52E–04 1.01E–03 9.87E–04 1.01E–03 7.89E–04 1.04E–03 8.80E–04 1.04E–03 1.01E–03 1.02E–03
I-129 1.20E–05 7.30E–06 7.10E–06 1.10E–05 1.50E–05 1.30E–05 1.50E–05 5.20E–06 2.36E–05 7.70E–06 5.10E–05 1.50E–05 1.50E–05
In-115 1.11E–06 3.35E–07 3.51E–07 8.55E–07 1.57E–05 2.18E–06 1.47E–05 2.48E–07 6.25E–05 3.51E–07 6.25E–05 2.03E–05 2.44E–05
Mo-93 2.38E–06 7.94E–07 7.91E–07 1.96E–06 5.63E–06 3.50E–06 5.60E–06 5.33E–07 6.26E–06 8.58E–07 6.26E–06 5.48E–06 5.76E–06
Nb-93m 4.26E–07 1.42E–07 1.41E–07 3.49E–07 1.08E–06 6.31E–07 1.07E–06 9.51E–08 3.39E–06 1.53E–07 3.39E–06 1.04E–06 1.14E–06
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Radionuclides Amphibian Benthic  
fish

Bird Bivalve 
mollusc

Crustacean Gastropod Insect  
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phyto- 
plankton

Vascular 
plant

Zooplankton

Nb-94 8.70E–04 7.90E–04 7.80E–04 8.60E–04 9.30E–04 8.90E–04 9.20E–04 7.20E–04 9.80E–04 8.00E–04 1.00E–03 9.30E–04 9.40E–04
Ni-59 8.40E–08 2.30E–08 2.50E–08 6.40E–08 7.00E–07 1.70E–07 6.90E–07 1.70E–08 9.69E–07 2.50E–08 4.00E–06 6.50E–07 7.60E–07
Ni-63 3.80E–09 1.10E–09 1.10E–09 2.90E–09 5.70E–08 9.40E–09 5.40E–08 7.40E–10 1.38E–06 1.10E–09 9.90E–06 6.04E–08 8.70E–08
Np-237 1.60E–05 1.20E–05 1.20E–05 1.50E–05 2.00E–05 1.70E–05 2.00E–05 1.00E–05 2.84E–05 1.20E–05 2.80E–03 2.00E–05 2.00E–05
Pa-231 2.24E–05 1.86E–05 1.84E–05 2.17E–05 2.76E–05 2.41E–05 2.75E–05 1.64E–05 3.34E–05 1.89E–05 3.34E–05 2.76E–05 2.81E–05
Pb-210 1.10E–05 3.80E–06 3.90E–06 8.70E–06 3.60E–05 2.10E–05 1.10E–04 2.80E–06 2.17E–04 4.00E–06 2.50E–04 9.60E–05 1.50E–04
Pd-107 4.59E–10 1.25E–10 1.33E–10 3.53E–10 1.20E–08 1.91E–09 1.14E–08 8.16E–11 3.46E–07 1.33E–10 3.46E–07 8.06E–09 1.12E–08
Pm-147 1.25E–07 3.89E–08 4.07E–08 9.71E–08 1.94E–06 2.44E–07 1.78E–06 2.87E–08 1.41E–05 4.07E–08 1.41E–05 2.41E–06 2.75E–06
Po-210 4.70E–09 4.30E–09 4.20E–09 4.60E–09 4.90E–09 4.80E–09 4.90E–09 3.90E–09 4.95E–09 4.30E–09 3.10E–03 4.90E–09 4.90E–09
Pu-238 3.90E–07 1.40E–07 1.40E–07 3.20E–07 1.00E–06 5.70E–07 9.90E–07 9.50E–08 1.89E–06 1.50E–07 3.20E–03 9.50E–07 1.00E–06
Pu-239 1.80E–07 7.80E–08 7.70E–08 1.50E–07 4.00E–07 2.40E–07 4.00E–07 5.90E–08 8.46E–07 8.20E–08 3.00E–03 4.00E–07 4.20E–07
Pu-240 3.70E–07 1.30E–07 1.30E–07 3.10E–07 9.50E–07 5.50E–07 9.40E–07 9.20E–08 1.88E–06 1.40E–07 3.00E–03 9.20E–07 9.90E–07
Pu-241 1.10E–09 8.20E–10 8.20E–10 1.00E–09 1.50E–09 1.20E–09 1.50E–09 7.10E–10 5.70E–08 8.40E–10 3.10E–06 2.43E–09 1.80E–09
Pu-242 3.11E–07 1.11E–07 1.11E–07 2.58E–07 7.92E–07 4.56E–07 7.85E–07 7.66E–08 1.55E–06 1.19E–07 1.55E–06 7.59E–07 8.18E–07
Ra-226 1.00E–03 9.10E–04 9.00E–04 1.00E–03 1.30E–03 1.10E–03 1.30E–03 8.30E–04 1.53E–03 9.20E–04 1.50E–02 1.30E–03 1.40E–03
Ra-228 5.50E–04 4.90E–04 4.90E–04 5.40E–04 6.90E–04 5.70E–04 6.80E–04 4.50E–04 7.91E–04 5.00E–04 8.40E–04 6.60E–04 7.20E–04
Ru-106 2.50E–04 1.50E–04 1.50E–04 2.20E–04 8.30E–04 3.90E–04 8.20E–04 1.20E–04 9.33E–04 1.60E–04 9.40E–04 7.10E–04 8.70E–04
Sb-125 2.40E–04 2.10E–04 2.10E–04 2.30E–04 2.60E–04 2.40E–04 2.60E–04 1.90E–04 2.81E–04 2.10E–04 3.10E–04 2.60E–04 2.60E–04
Se-79 7.70E–08 2.30E–08 2.40E–08 5.90E–08 1.20E–06 1.50E–07 1.10E–06 1.60E–08 1.08E–05 2.40E–08 3.20E–05 1.50E–06 1.70E–06
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 8.06E–09 2.56E–09 2.62E–09 6.36E–09 8.48E–08 1.63E–08 8.06E–08 1.78E–09 1.81E–06 2.71E–09 1.81E–06 9.71E–08 1.34E–07
Sn-126 9.12E–04 8.05E–04 7.97E–04 8.93E–04 1.17E–03 9.60E–04 1.16E–03 7.27E–04 1.31E–03 8.14E–04 1.31E–03 1.12E–03 1.21E–03
Sr-90 6.30E–05 2.10E–05 2.00E–05 4.90E–05 4.50E–04 1.20E–04 4.40E–04 1.40E–05 6.24E–04 2.40E–05 6.50E–04 3.70E–04 5.10E–04
Tc-99 3.70E–07 1.10E–07 1.20E–07 2.90E–07 5.70E–06 7.30E–07 5.30E–06 8.50E–08 3.15E–05 1.20E–07 5.80E–05 7.70E–06 8.40E–06
Th-228 9.20E–04 8.20E–04 8.10E–04 9.00E–04 1.30E–03 9.90E–04 1.30E–03 7.50E–04 1.35E–03 8.30E–04 2.00E–02 1.20E–03 1.40E–03
Th-229 4.88E–05 4.17E–05 4.14E–05 4.77E–05 5.64E–05 5.10E–05 5.61E–05 3.66E–05 7.30E–05 4.23E–05 7.30E–05 5.66E–05 5.75E–05
Th-230 4.10E–07 2.40E–07 2.40E–07 3.60E–07 9.20E–07 5.30E–07 9.00E–07 2.00E–07 2.88E–06 2.50E–07 2.70E–03 9.40E–07 1.00E–06
Th-232 2.90E–07 1.40E–07 1.40E–07 2.50E–07 7.50E–07 4.00E–07 7.40E–07 1.10E–07 2.25E–06 1.50E–07 2.30E–03 7.60E–07 8.30E–07
U-232 5.08E–07 2.41E–07 2.40E–07 4.38E–07 1.23E–06 7.05E–07 1.22E–06 1.86E–07 3.28E–06 2.52E–07 3.28E–06 1.24E–06 1.34E–06
U-233 3.70E–07 2.20E–07 2.18E–07 3.32E–07 7.47E–07 4.74E–07 7.40E–07 1.80E–07 1.35E–06 2.27E–07 1.35E–06 7.29E–07 7.76E–07
U-234 3.70E–07 1.50E–07 1.50E–07 3.10E–07 9.50E–07 5.30E–07 9.40E–07 1.10E–07 2.40E–06 1.60E–07 2.80E–03 9.50E–07 1.00E–06
U-235 9.50E–05 8.20E–05 8.10E–05 9.30E–05 1.10E–04 9.90E–05 1.10E–04 7.20E–05 1.41E–04 8.30E–05 2.80E–03 1.10E–04 1.10E–04
U-236 3.16E–07 1.20E–07 1.20E–07 2.63E–07 8.47E–07 4.65E–07 8.39E–07 8.62E–08 2.00E–06 1.28E–07 2.00E–06 8.35E–07 9.08E–07
U-238 2.70E–07 9.50E–08 9.50E–08 2.20E–07 7.30E–07 4.00E–07 7.20E–07 6.60E–08 1.73E–06 1.00E–07 2.40E–03 7.20E–07 7.80E–07
Zr-93 4.71E–09 1.31E–09 1.38E–09 3.56E–09 6.98E–08 1.16E–08 6.65E–08 9.23E–10 1.69E–06 1.38E–09 1.69E–06 7.45E–08 1.09E–07



S
K

B
 R

-13-18 
205

Tabel E-3. DCC_ext_low_beta for limnic organisms ((µGy h–1)/(Bq l–1)). 

Radionuclides Amphibian Benthic  
fish

Bird Bivalve 
mollusc

Crustacean Gastropod Insect 
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phyto- 
plankton

Vascular 
plant

Zooplankton

Ac-227 1.03E–14 6.03E–16 4.22E–16 3.27E–15 8.96E–28 6.46E–28 8.89E–28 6.60E–16 1.14E–07 4.22E–16 1.14E–07 1.61E–09 3.59E–12
Ag-108m 1.09E–15 6.03E–17 4.13E–17 3.32E–16 1.16E–30 8.35E–31 1.15E–30 6.77E–17 1.50E–08 4.13E–17 1.49E–08 2.11E–10 4.17E–13
Am-241 0 0 0 0 0 0 0 0 1.20E–07 0 0 0 0
Am-242m 7.90E–15 4.38E–16 3.01E–16 2.41E–15 6.28E–29 4.53E–29 6.23E–29 4.91E–16 1.07E–07 3.01E–16 1.06E–07 1.50E–09 3.00E–12
Am-243 1.57E–14 8.72E–16 5.98E–16 4.80E–15 1.37E–28 9.91E–29 1.36E–28 9.77E–16 2.11E–07 5.98E–16 2.11E–07 2.98E–09 5.95E–12
Ba-133 3.82E–15 2.11E–16 1.44E–16 1.16E–15 0 0 0 2.37E–16 5.25E–08 1.44E–16 5.25E–08 7.40E–10 1.46E–12
Be-10 9.18E–17 5.72E–18 4.11E–18 3.05E–17 1.79E–29 1.29E–29 1.78E–29 6.09E–18 7.07E–10 4.11E–18 7.06E–10 1.01E–11 2.79E–14
C-14-ind 0 0 0 0 0 0 0 0 1.11E–08 0 0 0 0
C-14-inorg 0 0 0 0 0 0 0 0 1.11E–08 0 0 0 0
C-14-org 0 0 0 0 0 0 0 0 1.11E–08 0 0 0 0
Ca-41 1.16E–15 6.41E–17 4.38E–17 3.53E–16 0 0 0 7.19E–17 1.59E–08 4.38E–17 1.59E–08 2.25E–10 4.44E–13
Cd-113m 3.99E–16 2.47E–17 1.77E–17 1.32E–16 7.42E–29 5.35E–29 7.36E–29 2.64E–17 3.19E–09 1.77E–17 3.19E–09 4.54E–11 1.23E–13
Cl-36 0 0 0 0 0 0 0 0 1.62E–09 0 0 0 0
Cm-242 0 0 0 0 0 0 0 0 1.65E–08 0 0 0 0
Cm-243 0 0 0 0 0 0 0 0 1.70E–07 0 0 0 0
Cm-244 0 0 0 0 0 0 0 0 1.53E–08 0 0 0 0
Cm-245 7.60E–15 4.20E–16 2.87E–16 2.31E–15 0 0 0 4.71E–16 1.04E–07 2.87E–16 1.04E–07 1.47E–09 2.91E–12
Cm-246 9.91E–16 5.47E–17 3.74E–17 3.01E–16 0 0 0 6.14E–17 1.36E–08 3.74E–17 1.36E–08 1.92E–10 3.79E–13
Co-60 0 0 0 0 0 0 0 0 6.60E–09 0 0 0 0
Cs-134 0 0 0 0 0 0 0 0 9.86E–09 0 0 0 0
Cs-135 0 0 0 0 0 0 0 0 8.81E–09 0 0 0 0
Cs-137 0 0 0 0 0 0 0 0 6.57E–09 0 0 0 0
Eu-152 0 0 0 0 0 0 0 0 5.28E–08 0 0 0 0
Eu-154 0 0 0 0 0 0 0 0 3.22E–08 0 0 0 0
Eu-155 5.31E–15 3.06E–16 2.13E–16 1.66E–15 3.49E–28 2.51E–28 3.46E–28 3.37E–16 6.21E–08 2.13E–16 6.21E–08 8.78E–10 1.89E–12
Fe-55 2.96E–15 1.63E–16 1.12E–16 9.00E–16 0 0 0 1.84E–16 4.07E–08 1.12E–16 4.06E–08 5.73E–10 1.13E–12
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 0 0 0 0 0 0 0 0 6.51E–08 0 6.60E–08 9.36E–10 2.60E–12
Ho-166m 9.87E–15 5.72E–16 3.99E–16 3.11E–15 7.32E–28 5.28E–28 7.26E–28 6.29E–16 1.13E–07 3.99E–16 1.13E–07 1.60E–09 3.48E–12
I-129 0 0 0 0 0 0 0 0 8.27E–08 0 0 0 0
In-115 5.08E–16 3.15E–17 2.26E–17 1.68E–16 9.43E–29 6.80E–29 9.36E–29 3.36E–17 4.06E–09 2.26E–17 4.06E–09 5.78E–11 1.56E–13
Mo-93 6.63E–16 3.66E–17 2.51E–17 2.02E–16 0 0 0 4.11E–17 9.11E–09 2.51E–17 9.10E–09 1.28E–10 2.54E–13
Nb-93m 5.40E–16 2.98E–17 2.04E–17 1.64E–16 0 0 0 3.35E–17 7.41E–09 2.04E–17 7.41E–09 1.05E–10 2.07E–13
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Radionuclides Amphibian Benthic  
fish

Bird Bivalve 
mollusc

Crustacean Gastropod Insect 
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phyto- 
plankton

Vascular 
plant

Zooplankton

Nb-94 0 0 0 0 0 0 0 0 3.56E–09 0 0 0 0
Ni-59 0 0 0 0 0 0 0 0 5.09E–08 0 0 0 0
Ni-63 0 0 0 0 0 0 0 0 3.44E–08 0 0 6.10E–10 0
Np-237 0 0 0 0 0 0 0 0 1.19E–07 0 0 0 0
Pa-231 1.08E–14 5.98E–16 4.09E–16 3.29E–15 0 0 0 6.71E–16 1.49E–07 4.09E–16 1.49E–07 2.10E–09 4.14E–12
Pb-210 0 0 0 0 0 0 0 0 8.89E–08 0 0 0 0
Pd-107 5.79E–15 3.55E–16 2.54E–16 1.90E–15 9.80E–28 7.07E–28 9.72E–28 3.81E–16 4.93E–08 2.54E–16 4.92E–08 6.99E–10 1.82E–12
Pm-147 1.35E–15 8.37E–17 5.99E–17 4.46E–16 2.49E–28 1.79E–28 2.47E–28 8.93E–17 1.09E–08 5.99E–17 1.09E–08 1.55E–10 4.17E–13
Po-210 0 0 0 0 0 0 0 0 7.09E–15 0 0 0 0
Pu-238 0 0 0 0 0 0 0 0 1.67E–08 0 0 0 0
Pu-239 0 0 0 0 0 0 0 0 2.95E–08 0 0 0 0
Pu-240 0 0 0 0 0 0 0 0 1.59E–08 0 0 0 0
Pu-241 0 0 0 0 0 0 0 0 5.51E–08 0 0 7.68E–10 0
Pu-242 9.59E–16 5.29E–17 3.62E–17 2.92E–16 0 0 0 5.94E–17 1.32E–08 3.62E–17 1.32E–08 1.86E–10 3.67E–13
Ra-226 0 0 0 0 0 0 0 0 3.25E–08 0 0 0 0
Ra-228 0 0 0 0 0 0 0 0 1.85E–07 0 0 0 0
Ru-106 0 0 0 0 0 0 0 0 4.85E–08 0 0 0 0
Sb-125 0 0 0 0 0 0 0 0 4.27E–08 0 0 0 0
Se-79 0 0 0 0 0 0 0 0 9.34E–09 0 0 0 0
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 3.79E–15 2.34E–16 1.67E–16 1.25E–15 6.68E–28 4.82E–28 6.62E–28 2.50E–16 3.14E–08 1.67E–16 3.14E–08 4.47E–10 1.18E–12
Sn-126 3.37E–15 1.91E–16 1.32E–16 1.04E–15 1.28E–28 9.24E–29 1.27E–28 2.12E–16 4.24E–08 1.32E–16 4.23E–08 5.98E–10 1.24E–12
Sr-90 0 0 0 0 0 0 0 0 3.27E–09 0 0 0 0
Tc-99 0 0 0 0 0 0 0 0 5.69E–09 0 0 0 0
Th-228 0 0 0 0 0 0 0 0 7.71E–08 0 0 0 0
Th-229 1.55E–14 8.55E–16 5.85E–16 4.71E–15 0 0 0 9.60E–16 2.13E–07 5.85E–16 2.12E–07 3.00E–09 5.92E–12
Th-230 0 0 0 0 0 0 0 0 1.12E–08 0 0 0 0
Th-232 0 0 0 0 0 0 0 0 1.12E–08 0 0 0 0
U-232 1.28E–15 7.08E–17 4.84E–17 3.90E–16 0 0 0 7.95E–17 1.76E–08 4.84E–17 1.76E–08 2.48E–10 4.90E–13
U-233 9.07E–16 5.01E–17 3.43E–17 2.76E–16 0 0 0 5.62E–17 1.25E–08 3.43E–17 1.24E–08 1.76E–10 3.47E–13
U-234 0 0 0 0 0 0 0 0 1.47E–08 0 0 0 0
U-235 0 0 0 0 0 0 0 0 2.47E–07 0 0 0 0
U-236 1.01E–15 5.58E–17 3.82E–17 3.07E–16 0 0 0 6.26E–17 1.39E–08 3.82E–17 1.39E–08 1.96E–10 3.86E–13
U-238 0 0 0 0 0 0 0 0 1.22E–08 0 0 0 0
Zr-93 3.50E–15 2.17E–16 1.55E–16 1.16E–15 6.44E–28 4.65E–28 6.39E–28 2.31E–16 2.81E–08 1.55E–16 2.81E–08 4.00E–10 1.08E–12
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Tabel E-4. DCC_ext_low_beta for marine organisms ((µGy h–1)/(Bq l–1)). 

Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto-
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Ac-227 4.22E–16 1.03E–14 9.37E–15 4.35E–28 2.94E–16 3.29E–12 6.26E–17 4.46E–28 1.57E–11 9.89E–15 4.44E–28 1.10E–14 8.20E–28
Ag-108m 4.13E–17 1.16E–15 9.76E–16 5.62E–31 2.93E–17 4.07E–13 6.35E–18 5.77E–31 1.84E–12 1.03E–15 5.74E–31 1.16E–15 1.06E–30
Am-241 0 0 0 0 2.34E–16 0 0 0 0 0 0 0 0
Am-242m 3.01E–16 8.37E–15 7.07E–15 3.05E–29 2.13E–16 2.91E–12 4.61E–17 3.13E–29 1.32E–11 7.49E–15 3.11E–29 8.38E–15 5.75E–29
Am-243 5.98E–16 1.66E–14 1.41E–14 6.67E–29 4.23E–16 5.78E–12 9.17E–17 6.85E–29 2.62E–11 1.49E–14 6.81E–29 1.67E–14 1.26E–28
Ba-133 1.44E–16 4.08E–15 3.42E–15 0 1.02E–16 1.43E–12 2.22E–17 0 6.45E–12 3.62E–15 0 4.06E–15 0
Be-10 4.11E–18 8.40E–17 8.49E–17 8.70E–30 2.82E–18 2.30E–14 5.84E–19 8.93E–30 1.20E–13 8.92E–17 8.88E–30 9.75E–17 1.64E–29
C-14-ind 0 0 0 0 4.28E–17 0 0 0 0 0 1.31E–28 0 0
C-14-inorg 0 0 0 0 4.28E–17 0 0 0 0 0 1.31E–28 0 0
C-14-org 0 0 0 0 4.28E–17 0 0 0 0 0 1.31E–28 0 0
Ca-41 4.38E–17 1.24E–15 1.04E–15 0 3.11E–17 4.33E–13 6.75E–18 0 1.96E–12 1.10E–15 0 1.23E–15 0
Cd-113m 1.77E–17 3.68E–16 3.68E–16 3.60E–29 1.22E–17 1.03E–13 2.53E–18 3.70E–29 5.28E–13 3.88E–16 3.68E–29 4.24E–16 6.79E–29
Cl-36 0 0 0 0 5.90E–18 0 0 0 0 0 1.69E–29 0 0
Cm-242 0 0 0 0 3.21E–17 0 0 0 0 0 0 0 0
Cm-243 0 0 0 0 3.31E–16 0 0 0 0 0 0 0 0
Cm-244 0 0 0 0 2.99E–17 0 0 0 0 0 0 0 0
Cm-245 2.87E–16 8.11E–15 6.80E–15 0 2.04E–16 2.84E–12 4.42E–17 0 1.28E–11 7.20E–15 0 8.07E–15 0
Cm-246 3.74E–17 1.06E–15 8.86E–16 0 2.65E–17 3.70E–13 5.76E–18 0 1.67E–12 9.39E–16 0 1.05E–15 0
Co-60 0 0 0 0 2.51E–17 0 0 0 0 0 7.54E–29 0 0
Cs-134 0 0 0 0 3.61E–17 0 0 0 0 0 1.04E–28 0 0
Cs-135 0 0 0 0 3.33E–17 0 0 0 0 0 9.96E–29 0 0
Cs-137 0 0 0 0 1.92E–17 0 0 0 0 0 3.97E–29 0 0
Eu-152 0 0 0 0 1.05E–16 0 0 0 0 0 9.84E–30 0 0
Eu-154 0 0 0 0 7.13E–17 0 0 0 0 0 5.33E–29 0 0
Eu-155 2.13E–16 5.39E–15 4.80E–15 1.69E–28 1.49E–16 1.76E–12 3.18E–17 1.74E–28 8.27E–12 5.07E–15 1.73E–28 5.63E–15 3.19E–28
Fe-55 1.12E–16 3.16E–15 2.65E–15 0 7.93E–17 1.11E–12 1.72E–17 0 4.99E–12 2.80E–15 0 3.14E–15 0
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 0 7.80E–15 0 0 2.02E–16 1.98E–12 0 0 6.60E–08 0 4.66E–28 0 0
Ho-166m 3.99E–16 9.97E–15 8.94E–15 3.55E–28 2.79E–16 3.23E–12 5.95E–17 3.65E–28 1.52E–11 9.45E–15 3.63E–28 1.05E–14 6.70E–28
I-129 0 0 0 0 1.83E–16 0 0 0 0 0 1.34E–28 0 0
In-115 2.26E–17 4.69E–16 4.69E–16 4.58E–29 1.55E–17 1.31E–13 3.22E–18 4.70E–29 6.72E–13 4.93E–16 4.67E–29 5.39E–16 8.64E–29
Mo-93 2.51E–17 7.07E–16 5.93E–16 0 1.78E–17 2.48E–13 3.86E–18 0 1.12E–12 6.28E–16 0 7.04E–16 0
Nb-93m 2.04E–17 5.76E–16 4.83E–16 0 1.45E–17 2.02E–13 3.14E–18 0 9.10E–13 5.11E–16 0 5.73E–16 0
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Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto-
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Nb-94 0 0 0 0 1.35E–17 0 0 0 0 0 4.05E–29 0 0
Ni-59 0 0 0 0 9.92E–17 0 0 0 0 0 0 0 0
Ni-63 0 0 0 0 1.26E–16 0 0 0 0 0 3.63E–28 0 0
Np-237 0 0 0 0 2.32E–16 0 0 0 0 0 0 0 0
Pa-231 4.09E–16 1.15E–14 9.67E–15 0 2.90E–16 4.04E–12 6.29E–17 0 1.82E–11 1.02E–14 0 1.15E–14 0
Pb-210 0 0 0 0 2.19E–16 0 0 0 0 0 2.84E–28 0 0
Pd-107 2.54E–16 5.42E–15 5.33E–15 4.76E–28 1.75E–16 1.55E–12 3.64E–17 4.88E–28 7.85E–12 5.61E–15 4.86E–28 6.15E–15 8.97E–28
Pm-147 5.99E–17 1.25E–15 1.25E–15 1.21E–28 4.11E–17 3.49E–13 8.56E–18 1.24E–28 1.79E–12 1.31E–15 1.23E–28 1.43E–15 2.28E–28
Po-210 0 0 0 0 1.38E–23 0 0 0 0 0 0 0 0
Pu-238 0 0 0 0 3.26E–17 0 0 0 0 0 0 0 0
Pu-239 0 0 0 0 5.75E–17 0 0 0 0 0 0 0 0
Pu-240 0 0 0 0 3.10E–17 0 0 0 0 0 0 0 0
Pu-241 0 0 0 0 1.69E–16 0 0 0 0 0 3.82E–28 0 0
Pu-242 3.62E–17 1.02E–15 8.57E–16 0 2.57E–17 3.58E–13 5.57E–18 0 1.62E–12 9.08E–16 0 1.02E–15 0
Ra-226 0 0 0 0 7.06E–17 0 0 0 0 0 4.47E–29 0 0
Ra-228 0 0 0 0 4.40E–16 0 0 0 0 0 4.91E–28 0 0
Ru-106 0 0 0 0 1.70E–16 0 0 0 0 0 4.69E–28 0 0
Sb-125 0 0 0 0 1.05E–16 0 0 0 0 0 1.33E–28 0 0
Se-79 0 0 0 0 3.58E–17 0 0 0 0 0 1.09E–28 0 0
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 1.67E–16 3.53E–15 3.49E–15 3.24E–28 1.15E–16 9.97E–13 2.39E–17 3.33E–28 5.09E–12 3.68E–15 3.31E–28 4.02E–15 6.12E–28
Sn-126 1.32E–16 3.50E–15 3.03E–15 6.22E–29 9.29E–17 1.18E–12 2.00E–17 6.38E–29 5.44E–12 3.21E–15 6.35E–29 3.58E–15 1.17E–28
Sr-90 0 0 0 0 1.25E–17 0 0 0 0 0 3.76E–29 0 0
Tc-99 0 0 0 0 2.16E–17 0 0 0 0 0 6.52E–29 0 0
Th-228 0 0 0 0 1.65E–16 0 0 0 0 0 9.24E–29 0 0
Th-229 5.85E–16 1.65E–14 1.38E–14 0 4.15E–16 5.78E–12 9.00E–17 0 2.61E–11 1.47E–14 0 1.64E–14 0
Th-230 0 0 0 0 2.19E–17 0 0 0 0 0 0 0 0
Th-232 0 0 0 0 2.18E–17 0 0 0 0 0 0 0 0
U-232 4.84E–17 1.37E–15 1.15E–15 0 3.43E–17 4.79E–13 7.45E–18 0 2.16E–12 1.21E–15 0 1.36E–15 0
U-233 3.43E–17 9.67E–16 8.10E–16 0 2.43E–17 3.39E–13 5.27E–18 0 1.53E–12 8.59E–16 0 9.62E–16 0
U-234 0 0 0 0 2.88E–17 0 0 0 0 0 0 0 0
U-235 0 0 0 0 4.98E–16 0 0 0 0 0 1.03E–28 0 0
U-236 3.82E–17 1.08E–15 9.03E–16 0 2.71E–17 3.77E–13 5.88E–18 0 1.70E–12 9.57E–16 0 1.07E–15 0
U-238 0 0 0 0 2.38E–17 0 0 0 0 0 0 0 0
Zr-93 1.55E–16 3.23E–15 3.23E–15 3.13E–28 1.07E–16 9.02E–13 2.22E–17 3.21E–28 4.64E–12 3.40E–15 3.19E–28 3.71E–15 5.90E–28
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Tabel E-5. DCC_ext_in_soil_beta_gamma for terrestrial organisms (µGy h–1)/(Bq kgdw–1)). 

Radionuclides Amphibian Bird Bird egg Detritivorous 
invertebrate

Flying 
insects

Gastropod Grasses 
& Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Shrub Soil Invertebrate 
(worm)

Tree

Ac-227 4.97E–08   5.10E–08  5.08E–08    4.65E–08 4.40E–08  5.05E–08  
Ag-108m 8.48E–04   8.66E–04  8.64E–04    8.06E–04 7.73E–04  8.60E–04  
Am-241 6.00E–06   6.20E–06  6.10E–06    5.50E–06 5.20E–06  6.10E–06  
Am-242m 4.84E–06   4.96E–06  4.95E–06    4.54E–06 4.30E–06  4.92E–06  
Am-243 7.67E–05   7.82E–05  7.80E–05    7.31E–05 7.02E–05  7.77E–05  
Ba-133 1.75E–04   1.79E–04  1.78E–04    1.66E–04 1.60E–04  1.78E–04  
Be-10 0   0  0    0 0  0  
C-14-ind 0   0  0    0 0  0  
C-14-inorg 0   0  0    0 0  0  
C-14-org 0   0  0    0 0  0  
Ca-41 8.15E–09   8.70E–09  8.62E–09    6.86E–09 5.84E–09  8.50E–09  
Cd-113m 0   0  0    0 0  0  
Cl-36 7.90E–08   8.10E–08  8.10E–08    7.50E–08 7.20E–08  8.00E–08  
Cm-242 1.70E–07   1.80E–07  1.80E–07    1.40E–07 1.20E–07  1.80E–07  
Cm-243 4.90E–05   5.00E–05  5.00E–05    4.70E–05 4.50E–05  5.00E–05  
Cm-244 1.60E–07   1.70E–07  1.60E–07    1.30E–07 1.10E–07  1.60E–07  
Cm-245 2.77E–05   2.83E–05  2.82E–05    2.65E–05 2.55E–05  2.81E–05  
Cm-246 1.39E–07   1.48E–07  1.47E–07    1.18E–07 1.02E–07  1.45E–07  
Co-60 1.30E–03   1.30E–03  1.30E–03    1.20E–03 1.20E–03  1.30E–03  
Cs-134 8.20E–04   8.40E–04  8.30E–04    7.80E–04 7.50E–04  8.30E–04  
Cs-135 0   0  0    0 0  0  
Cs-137 3.00E–04   3.10E–04  3.00E–04    2.80E–04 2.70E–04  3.00E–04  
Eu-152 5.70E–04   5.80E–04  5.80E–04    5.50E–04 5.30E–04  5.80E–04  
Eu-154 6.30E–04   6.40E–04  6.40E–04    6.00E–04 5.80E–04  6.30E–04  
Eu-155 1.56E–05   1.59E–05  1.59E–05    1.49E–05 1.44E–05  1.58E–05  
Fe-55 5.86E–08   6.26E–08  6.20E–08    4.93E–08 4.20E–08  6.12E–08  
Gd-152 0   0  0    0 0  0  
H-3 0   0  0    0 0  0  
Ho-166m 8.89E–04   9.08E–04  9.05E–04    8.47E–04 8.13E–04  9.01E–04  
I-129 3.40E–06   3.60E–06  3.50E–06    3.00E–06 2.70E–06  3.50E–06  
In-115 0   0  0    0 0  0  
Mo-93 9.65E–07   1.03E–06  1.02E–06    8.16E–07 7.00E–07  1.01E–06  
Nb-93m 1.70E–07   1.81E–07  1.80E–07    1.44E–07 1.23E–07  1.77E–07  
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Radionuclides Amphibian Bird Bird egg Detritivorous 
invertebrate

Flying 
insects

Gastropod Grasses 
& Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Shrub Soil Invertebrate 
(worm)

Tree

Nb-94 8.30E–04   8.50E–04  8.40E–04    7.90E–04 7.60E–04  8.40E–04  
Ni-59 9.80E–08   1.00E–07  1.00E–07    8.20E–08 7.00E–08  1.00E–07  
Ni-63 0   0  0    0 0  0  
Np-237 7.50E–06   7.70E–06  7.70E–06    7.00E–06 6.70E–06  7.60E–06  
Pa-231 1.76E–05   1.80E–05  1.79E–05    1.66E–05 1.58E–05  1.78E–05  
Pb-210 5.80E–07   6.10E–07  6.10E–07    5.20E–07 4.70E–07  6.00E–07  
Pd-107               
Pm-147 1.27E–09   1.30E–09  1.30E–09    1.21E–09 1.17E–09  1.29E–09  
Po-210 4.50E–09   4.60E–09  4.60E–09    4.30E–09 4.10E–09  4.50E–09  
Pu-238 1.60E–07   1.70E–07  1.70E–07    1.40E–07 1.20E–07  1.70E–07  
Pu-239 8.20E–08   8.60E–08  8.60E–08    7.20E–08 6.40E–08  8.50E–08  
Pu-240 1.60E–07   1.70E–07  1.60E–07    1.30E–07 1.10E–07  1.60E–07  
Pu-241 5.50E–10   5.60E–10  5.60E–10    5.20E–10 4.90E–10  5.60E–10  
Pu-242 1.30E–07   1.39E–07  1.37E–07    1.11E–07 9.55E–08  1.36E–07  
Ra-226 8.90E–04   9.10E–04  9.00E–04    8.50E–04 8.20E–04  9.00E–04  
Ra-228 4.90E–04   5.00E–04  5.00E–04    4.70E–04 4.50E–04  5.00E–04  
Ru-106 1.10E–04   1.10E–04  1.10E–04    1.00E–04 9.80E–05  1.10E–04  
Sb-125 2.20E–04   2.20E–04  2.20E–04    2.10E–04 2.00E–04  2.20E–04  
Se-79 0   0  0    0 0  0  
Sm-147 0   0  0    0 0  0  
Sm-151 9.46E–10   1.01E–09  9.97E–10    8.06E–10 6.96E–10  9.84E–10  
Sn-126 8.26E–04   8.44E–04  8.41E–04    7.86E–04 7.54E–04  8.37E–04  
Sr-90 1.50E–10   1.60E–10  1.50E–10    1.20E–10 1.10E–10  1.50E–10  
Tc-99 0   0  0    0 0  0  
Th-228 7.80E–04   7.90E–04  7.90E–04    7.40E–04 7.20E–04  7.90E–04  
Th-229 2.74E–05   2.79E–05  2.79E–05    2.61E–05 2.51E–05  2.77E–05  
Th-230 2.00E–07   2.10E–07  2.10E–07    1.80E–07 1.70E–07  2.10E–07  
Th-232 1.40E–07   1.50E–07  1.50E–07    1.20E–07 1.10E–07  1.40E–07  
U-232 2.40E–07   2.52E–07  2.50E–07    2.11E–07 1.88E–07  2.48E–07  
U-233 2.03E–07   2.11E–07  2.10E–07    1.84E–07 1.69E–07  2.08E–07  
U-234 1.70E–07   1.80E–07  1.80E–07    1.50E–07 1.30E–07  1.70E–07  
U-235 6.60E–05   6.70E–05  6.70E–05    6.30E–05 6.00E–05  6.70E–05  
U-236 1.43E–07   1.52E–07  1.51E–07    1.23E–07 1.06E–07  1.49E–07  
U-238 1.20E–07   1.30E–07  1.30E–07    1.00E–07 8.70E–08  1.20E–07  
Zr-93 0   0  0    0 0  0  
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Tabel E-6. DCC_ext_on_soil_beta_gamma for terrestrial organisms ((µGy h–1)/(Bq kgdw–1).

Radio- 
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Ac-227 2.21E–08 2.04E–08 2.21E–08 2.24E–08 1.77E–08 2.24E–08 2.24E–08 2.82E–08 1.16E–08 8.80E–09 2.16E–08 2.11E–08 2.13E–08 2.18E–08  1.65E–08
Ag-108m 3.29E–04 3.05E–04 3.28E–04 3.32E–04 2.72E–04 3.32E–04 3.31E–04 3.25E–04 1.73E–04 1.61E–04 3.22E–04 3.14E–04 3.17E–04 3.07E–04  2.59E–04
Am-241 2.60E–06 2.50E–06 2.50E–06 2.60E–06 2.04E–06 2.60E–06 2.60E–06 3.30E–06 5.90E–11 9.20E–07 2.50E–06 2.40E–06 2.46E–06 2.70E–06  1.90E–06
Am-242m 2.21E–06 2.04E–06 2.20E–06 2.23E–06 1.78E–06 2.23E–06 2.22E–06 2.85E–06 1.16E–06 8.85E–07 2.16E–06 2.10E–06 2.12E–06 2.35E–06  1.76E–06
Am-243 3.49E–05 3.21E–05 3.48E–05 3.52E–05 2.83E–05 3.52E–05 3.52E–05 3.69E–05 1.83E–05 1.52E–05 3.41E–05 3.31E–05 3.35E–05 3.44E–05  2.89E–05
Ba-133 7.29E–05 6.67E–05 7.25E–05 7.34E–05 5.91E–05 7.34E–05 7.34E–05 7.42E–05 3.82E–05 3.43E–05 7.10E–05 6.90E–05 6.96E–05 6.97E–05  5.83E–05
Be-10 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
C-14-ind 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
C-14-inorg 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
C-14-org 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Ca-41 8.54E–41 8.23E–41 8.52E–41 8.78E–41 7.34E–41 8.77E–41 8.75E–41 1.07E–08 4.57E–41 3.25E–41 8.50E–41 8.54E–41 8.53E–41 7.70E–10  2.26E–13
Cd-113m 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Cl-36 3.10E–08 3.10E–08 3.10E–08 3.10E–08 2.56E–08 3.10E–08 3.10E–08 3.10E–08 1.60E–12 1.50E–08 3.00E–08 3.00E–08 2.99E–08 2.90E–08  2.50E–08
Cm-242 4.60E–08 4.60E–08 4.60E–08 4.70E–08 3.56E–08 4.70E–08 4.70E–08 1.40E–07 6.90E–13 1.30E–08 4.50E–08 4.40E–08 4.46E–08 6.40E–08  1.30E–08
Cm-243 2.20E–05 2.20E–05 2.20E–05 2.20E–05 1.80E–05 2.20E–05 2.20E–05 2.30E–05 8.40E–10 9.90E–06 2.20E–05 2.10E–05 2.12E–05 2.10E–05  1.80E–05
Cm-244 4.20E–08 4.20E–08 4.20E–08 4.30E–08 3.20E–08 4.30E–08 4.20E–08 1.30E–07 5.90E–13 1.10E–08 4.10E–08 4.00E–08 4.02E–08 5.80E–08  1.10E–08
Cm-245 1.35E–05 1.24E–05 1.34E–05 1.36E–05 1.09E–05 1.36E–05 1.36E–05 1.47E–05 7.07E–06 5.63E–06 1.32E–05 1.28E–05 1.29E–05 1.35E–05  1.13E–05
Cm-246 3.74E–08 3.42E–08 3.72E–08 3.82E–08 2.86E–08 3.82E–08 3.80E–08 1.13E–07 1.96E–08 1.01E–08 3.65E–08 3.57E–08 3.60E–08 5.18E–08  9.84E–09
Co-60 4.90E–04 4.90E–04 4.90E–04 5.00E–04 4.20E–04 5.00E–04 5.00E–04 4.80E–04 3.00E–08 2.60E–04 4.80E–04 4.70E–04 4.75E–04 4.50E–04  3.90E–04
Cs-134 3.20E–04 3.10E–04 3.10E–04 3.20E–04 2.63E–04 3.20E–04 3.20E–04 3.10E–04 1.70E–08 1.60E–04 3.10E–04 3.00E–04 3.04E–04 2.90E–04  2.50E–04
Cs-135 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Cs-137 1.10E–04 1.10E–04 1.10E–04 1.20E–04 9.51E–05 1.20E–04 1.20E–04 1.10E–04 6.10E–09 5.60E–05 1.10E–04 1.10E–04 1.10E–04 1.10E–04  9.00E–05
Eu-152 2.20E–04 2.20E–04 2.20E–04 2.30E–04 1.89E–04 2.30E–04 2.30E–04 2.20E–04 1.30E–08 1.10E–04 2.20E–04 2.10E–04 2.15E–04 2.10E–04  1.80E–04
Eu-154 2.40E–04 2.40E–04 2.40E–04 2.50E–04 2.06E–04 2.50E–04 2.50E–04 2.40E–04 1.40E–08 1.20E–04 2.40E–04 2.30E–04 2.35E–04 2.20E–04  1.90E–04
Eu-155 7.59E–06 7.04E–06 7.57E–06 7.67E–06 6.16E–06 7.66E–06 7.65E–06 8.41E–06 3.99E–06 3.07E–06 7.43E–06 7.24E–06 7.30E–06 7.84E–06  6.60E–06
Fe-55 6.15E–40 5.92E–40 6.13E–40 6.32E–40 5.28E–40 6.31E–40 6.29E–40 7.70E–08 3.29E–40 2.34E–40 6.11E–40 6.14E–40 6.14E–40 5.54E–09  1.62E–12
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
H-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Ho-166m 3.48E–04 3.23E–04 3.47E–04 3.51E–04 2.89E–04 3.51E–04 3.50E–04 3.43E–04 1.83E–04 1.70E–04 3.40E–04 3.32E–04 3.34E–04 3.24E–04  2.75E–04
I-129 1.10E–06 1.10E–06 1.10E–06 1.20E–06 9.13E–07 1.10E–06 1.10E–06 1.90E–06 2.20E–11 4.00E–07 1.10E–06 1.10E–06 1.10E–06 1.60E–06  8.80E–07
In-115 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Mo-93 9.99E–08 9.24E–08 9.95E–08 1.01E–07 7.90E–08 1.01E–07 1.01E–07 7.90E–07 5.39E–08 3.09E–08 9.78E–08 9.58E–08 9.65E–08 3.59E–07  5.34E–08
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Radio- 
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Nb-93m 1.76E–08 1.63E–08 1.75E–08 1.78E–08 1.39E–08 1.78E–08 1.78E–08 1.40E–07 9.49E–09 5.44E–09 1.72E–08 1.69E–08 1.70E–08 6.33E–08  9.41E–09
Nb-94 3.20E–04 3.20E–04 3.20E–04 3.20E–04 2.67E–04 3.20E–04 3.20E–04 3.10E–04 1.80E–08 1.60E–04 3.10E–04 3.00E–04 3.07E–04 2.90E–04  2.50E–04
Ni-59 1.00E–39 1.00E–39 1.00E–39 1.10E–39 8.86E–40 1.10E–39 1.10E–39 1.30E–07 1.50E–44 3.70E–40 1.00E–39 1.00E–39 1.03E–39 9.30E–09  2.70E–12
Ni-63 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Np-237 3.60E–06 3.60E–06 3.60E–06 3.60E–06 2.86E–06 3.60E–06 3.60E–06 4.20E–06 1.00E–10 1.40E–06 3.50E–06 3.40E–06 3.43E–06 3.60E–06  2.80E–06
Pa-231 7.34E–06 6.70E–06 7.30E–06 7.40E–06 5.92E–06 7.40E–06 7.40E–06 7.91E–06 3.85E–06 3.37E–06 7.14E–06 6.94E–06 7.00E–06 6.95E–06  5.65E–06
Pb-210 2.80E–07 2.80E–07 2.80E–07 2.90E–07 2.14E–07 2.90E–07 2.90E–07 4.00E–07 4.10E–12 7.70E–08 2.80E–07 7.20E–06 2.71E–07 2.00E–07  1.30E–07
Pd-107     0        0    
Pm-147 6.07E–10 5.60E–10 6.05E–10 6.12E–10 4.92E–10 6.12E–10 6.11E–10 6.60E–10 3.19E–10 2.53E–10 5.93E–10 5.77E–10 5.83E–10 6.19E–10  5.13E–10
Po-210 1.70E–09 1.70E–09 1.70E–09 1.70E–09 1.44E–09 1.70E–09 1.70E–09 1.70E–09 9.60E–14 8.60E–10 1.70E–09 1.60E–09 1.66E–09 1.60E–09  1.40E–09
Pu-238 6.30E–08 6.30E–08 6.30E–08 6.50E–08 4.67E–08 6.50E–08 6.50E–08 1.40E–07 6.60E–13 1.40E–08 6.10E–08 6.00E–08 6.06E–08 5.80E–08  1.10E–08
Pu-239 3.30E–08 3.20E–08 3.20E–08 3.40E–08 2.48E–08 3.30E–08 3.30E–08 6.00E–08 6.10E–13 9.50E–09 3.20E–08 3.10E–08 3.13E–08 3.10E–08  1.10E–08
Pu-240 6.00E–08 6.00E–08 6.00E–08 6.20E–08 4.46E–08 6.20E–08 6.20E–08 1.30E–07 6.40E–13 1.40E–08 5.90E–08 5.70E–08 5.78E–08 5.60E–08  1.00E–08
Pu-241 2.60E–10 2.60E–10 2.60E–10 2.70E–10 2.12E–10 2.70E–10 2.70E–10 3.20E–10 7.70E–15 1.00E–10 2.60E–10 2.50E–10 2.54E–10 2.60E–10  2.00E–10
Pu-242 5.01E–08 4.55E–08 4.98E–08 5.18E–08 3.72E–08 5.17E–08 5.14E–08 1.08E–07 2.59E–08 1.17E–08 4.88E–08 4.78E–08 4.82E–08 4.63E–08  8.74E–09
Ra-226 3.40E–04 3.40E–04 3.40E–04 3.50E–04 2.91E–04 3.50E–04 3.50E–04 3.30E–04 2.00E–08 1.80E–04 3.40E–04 3.30E–04 3.32E–04 3.20E–04  2.70E–04
Ra-228 1.90E–04 1.90E–04 1.90E–04 1.90E–04 1.61E–04 1.90E–04 1.90E–04 1.90E–04 1.10E–08 9.70E–05 1.90E–04 1.80E–04 1.85E–04 1.80E–04  1.50E–04
Ru-106 4.20E–05 4.10E–05 4.10E–05 4.20E–05 3.45E–05 4.20E–05 4.20E–05 4.10E–05 2.20E–09 2.10E–05 4.10E–05 4.00E–05 4.01E–05 3.90E–05  3.30E–05
Sb-125 8.50E–05 8.50E–05 8.50E–05 8.60E–05 7.02E–05 8.60E–05 8.60E–05 8.50E–05 4.20E–09 4.10E–05 8.30E–05 8.10E–05 8.20E–05 8.00E–05  6.70E–05
Se-79 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Sm-151 2.44E–10 2.25E–10 2.43E–10 2.48E–10 1.93E–10 2.47E–10 2.46E–10 8.20E–10 1.28E–10 7.74E–11 2.39E–10 2.33E–10 2.35E–10 3.28E–10  8.81E–11
Sn-126 3.22E–04 2.98E–04 3.21E–04 3.24E–04 2.66E–04 3.24E–04 3.24E–04 3.18E–04 1.69E–04 1.58E–04 3.14E–04 3.07E–04 3.09E–04 3.01E–04  2.54E–04
Sr-90 1.60E–11 1.60E–11 1.60E–11 1.60E–11 1.25E–11 1.60E–11 1.60E–11 1.30E–10 3.70E–16 4.60E–12 1.60E–11 1.50E–11 1.55E–11 5.10E–11  5.90E–12
Tc-99 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
Th-228 2.90E–04 2.90E–04 2.90E–04 2.90E–04 2.50E–04 2.90E–04 2.90E–04 2.80E–04 1.80E–08 1.60E–04 2.90E–04 2.80E–04 2.83E–04 2.70E–04  2.30E–04
Th-229 1.28E–05 1.19E–05 1.28E–05 1.30E–05 1.04E–05 1.29E–05 1.29E–05 1.42E–05 6.74E–06 5.38E–06 1.25E–05 1.22E–05 1.23E–05 1.29E–05  1.08E–05
Th-230 7.10E–08 7.00E–08 7.00E–08 7.20E–08 5.58E–08 7.20E–08 7.20E–08 1.40E–07 1.80E–12 2.50E–08 6.90E–08 6.70E–08 6.80E–08 7.80E–08  4.40E–08
Th-232 4.30E–08 4.30E–08 4.30E–08 4.40E–08 3.32E–08 4.40E–08 4.30E–08 1.10E–07 9.00E–13 1.30E–08 4.20E–08 4.10E–08 4.12E–08 5.00E–08  2.10E–08
U-232 9.96E–08 9.06E–08 9.91E–08 1.03E–07 7.52E–08 1.03E–07 1.02E–07 1.82E–07 5.18E–08 2.77E–08 9.71E–08 9.50E–08 9.57E–08 8.86E–08  3.54E–08
U-233 8.72E–08 7.95E–08 8.67E–08 8.91E–08 6.77E–08 8.89E–08 8.87E–08 1.30E–07 4.54E–08 3.03E–08 8.49E–08 8.29E–08 8.36E–08 7.91E–08  4.69E–08
U-234 6.90E–08 6.90E–08 6.90E–08 7.20E–08 5.14E–08 7.10E–08 7.10E–08 1.40E–07 9.10E–13 1.70E–08 6.70E–08 6.60E–08 6.65E–08 5.90E–08  1.80E–08
U-235 2.90E–05 2.90E–05 2.90E–05 3.00E–05 2.38E–05 3.00E–05 3.00E–05 3.10E–05 1.10E–09 1.30E–05 2.90E–05 2.80E–05 2.81E–05 2.80E–05  2.40E–05
U-236 5.82E–08 5.27E–08 5.79E–08 6.06E–08 4.28E–08 6.03E–08 6.00E–08 1.20E–07 3.01E–08 1.33E–08 5.67E–08 5.56E–08 5.60E–08 4.87E–08  1.10E–08
U-238 4.80E–08 4.80E–08 4.80E–08 5.00E–08 3.49E–08 5.00E–08 4.90E–08 1.00E–07 4.60E–13 1.00E–08 4.70E–08 4.60E–08 4.61E–08 4.00E–08  6.90E–09
Zr-93 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0
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Tabel E-7. DCC_ext_in_air_beta_gamma for terrestrial organisms ((µGy h–1)/(Bq kgdw–1)). 

Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Ac-227  2.05E–08 2.21E–08          2.13E–08    
Ag-108m  3.05E–04 3.28E–04          3.17E–04    
Am-241  2.00E–06    2.60E–06       2.47E–06    
Am-242m  2.04E–06 2.20E–06          2.12E–06    
Am-243  3.22E–05 3.48E–05          3.35E–05    
Ba-133  6.69E–05 7.25E–05          6.96E–05    
Be-10  0 0          0    
C-14-ind  0    0       0    
C-14-inorg  0    0       0    
C-14-org  0    0       0    
Ca-41  8.54E–41 8.54E–41          8.54E–41    
Cd-113m  0 0          0    
Cl-36  2.70E–08    3.10E–08       2.99E–08    
Cm-242  1.90E–08    4.70E–08       4.47E–08    
Cm-243  1.90E–05    2.20E–05       2.12E–05    
Cm-244  1.60E–08    4.30E–08       4.03E–08    
Cm-245  1.25E–05 1.34E–05          1.29E–05    
Cm-246  3.47E–08 3.73E–08          3.60E–08    
Co-60  4.30E–04    5.00E–04       4.75E–04    
Cs-134  2.80E–04    3.20E–04       3.04E–04    
Cs-135  0    0       0    
Cs-137  1.00E–04    1.20E–04       1.10E–04    
Eu-152  2.00E–04    2.30E–04       2.15E–04    
Eu-154  2.10E–04    2.50E–04       2.35E–04    
Eu-155  7.04E–06 7.57E–06          7.31E–06    
Fe-55  6.15E–40 6.15E–40          6.15E–40    
Gd-152  0 0          0    
H-3  0    0       0    
Ho-166m  3.22E–04 3.47E–04          3.34E–04    
I-129  8.80E–07    1.10E–06       1.10E–06    
In-115  0 0          0    
Mo-93  9.33E–08 9.97E–08          9.66E–08    
Nb-93m  1.64E–08 1.76E–08          1.70E–08    
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Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Nb-94  2.80E–04    3.20E–04       3.07E–04    
Ni-59  6.60E–41    1.10E–39       1.03E–39    
Ni-63  0    0       0    
Np-237  2.90E–06    3.60E–06       3.43E–06    
Pa-231  6.73E–06 7.30E–06          7.01E–06    
Pb-210  1.40E–07    2.90E–07       2.71E–07    
Pd-107             0    
Pm-147  5.61E–10 6.05E–10          5.83E–10    
Po-210  1.50E–09    1.70E–09       1.66E–09    
Pu-238  1.80E–08    6.50E–08       6.07E–08    
Pu-239  1.50E–08    3.30E–08       3.14E–08    
Pu-240  1.80E–08    6.20E–08       5.79E–08    
Pu-241  2.10E–10    2.70E–10       2.54E–10    
Pu-242  4.65E–08 5.00E–08          4.83E–08    
Ra-226  3.00E–04    3.50E–04       3.32E–04    
Ra-228  1.70E–04    1.90E–04       1.85E–04    
Ru-106  3.60E–05    4.20E–05       4.01E–05    
Sb-125  7.40E–05    8.60E–05       8.20E–05    
Se-79  0    0       0    
Sm-147  0 0          0    
Sm-151  2.27E–10 2.43E–10          2.35E–10    
Sn-126  2.98E–04 3.21E–04          3.09E–04    
Sr-90  6.40E–12    1.60E–11       1.55E–11    
Tc-99  0    0       0    
Th-228  2.60E–04    2.90E–04       2.83E–04    
Th-229  1.19E–05 1.28E–05          1.23E–05    
Th-230  4.90E–08    7.20E–08       6.80E–08    
Th-232  2.40E–08    4.40E–08       4.12E–08    
U-232  9.23E–08 9.94E–08          9.59E–08    
U-233  8.05E–08 8.69E–08          8.36E–08    
U-234  2.50E–08    7.10E–08       6.66E–08    
U-235  2.50E–05    3.00E–05       2.81E–05    
U-236  5.40E–08 5.81E–08          5.61E–08    
U-238  1.20E–08    5.00E–08       4.62E–08    
Zr-93  0 0          0    
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Tabel E-8. DCC_int_alpha for terrestrial organisms ((µGy h–1)/(Bq kgfw–1)). 

Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Ac-227 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05
Ag-108m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Am-241 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.16E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.16E–03 3.17E–03 3.17E–03 3.17E–03
Am-242m 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05
Am-243 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03
Ba-133 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Be-10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-ind 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-inorg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-org 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ca-41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cd-113m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cl-36 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cm-242 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.52E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.52E–03 3.50E–03 3.50E–03 3.50E–03
Cm-243 3.33E–03 3.30E–03 3.30E–03 3.33E–03 3.34E–03 3.33E–03 3.33E–03 3.33E–03 3.33E–03 3.36E–03 3.30E–03 3.30E–03 3.34E–03 3.33E–03 3.33E–03 3.36E–03
Cm-244 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.34E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.34E–03 3.30E–03 3.30E–03 3.30E–03
Cm-245 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03
Cm-246 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03
Co-60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-134 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-135 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-137 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-154 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-155 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fe-55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gd-152 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03
H-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ho-166m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I-129 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
In-115 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mo-93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Nb-93m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Nb-94 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ni-59 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ni-63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Np-237 2.74E–03 2.74E–03 2.74E–03 2.77E–03 2.75E–03 2.74E–03 2.74E–03 2.74E–03 2.77E–03 2.74E–03 2.74E–03 2.74E–03 2.75E–03 2.74E–03 2.74E–03 2.74E–03
Pa-231 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03
Pb-210 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pd-107     0        0    
Pm-147 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Po-210 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.06E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.06E–03 3.10E–03 3.10E–03 3.10E–03
Pu-238 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.16E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.16E–03 3.20E–03 3.20E–03 3.20E–03
Pu-239 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03
Pu-240 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03
Pu-241 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.92E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.92E–08 6.20E–08 6.20E–08 6.20E–08
Pu-242 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03
Ra-226 1.34E–02 1.43E–02 1.34E–02 1.36E–02 1.38E–02 1.36E–02 1.36E–02 1.36E–02 1.37E–02 1.38E–02 1.34E–02 1.34E–02 1.38E–02 1.36E–02 1.36E–02 1.40E–02
Ra-228 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ru-106 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sb-125 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Se-79 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-147 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03
Sm-151 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sn-126 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sr-90 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Tc-99 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Th-228 1.84E–02 1.82E–02 1.84E–02 1.86E–02 1.85E–02 1.84E–02 1.84E–02 1.84E–02 1.86E–02 1.88E–02 1.82E–02 1.82E–02 1.85E–02 1.84E–02 1.84E–02 1.90E–02
Th-229 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03
Th-230 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.69E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.69E–03 2.70E–03 2.70E–03 2.70E–03
Th-232 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03
U-232 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03
U-233 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03
U-234 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.74E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.74E–03 2.80E–03 2.80E–03 2.80E–03
U-235 2.57E–03 2.57E–03 2.57E–03 2.57E–03 2.54E–03 2.57E–03 2.57E–03 2.57E–03 2.57E–03 2.51E–03 2.57E–03 2.57E–03 2.54E–03 2.57E–03 2.57E–03 2.51E–03
U-236 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03
U-238 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.41E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.41E–03 2.40E–03 2.40E–03 2.40E–03
Zr-93 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Tabel E-9. DCC_int_alpha for limnic organism ((µGy h–1)/(Bq kgfw–1)). 

Radionuclides Amphibian Benthic fish Bird Bivalve 
mollusc

Crustacean Gastropod Insect 
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phytoplank-
ton

Vascular 
plant

Zooplankton

Ac-227 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05
Ag-108m 0 0 0 0 0 0 0 0 0 0 0 0 0
Am-241 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.16E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03
Am-242m 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05
Am-243 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03
Ba-133 0 0 0 0 0 0 0 0 0 0 0 0 0
Be-10 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-ind 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-inorg 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-org 0 0 0 0 0 0 0 0 0 0 0 0 0
Ca-41 0 0 0 0 0 0 0 0 0 0 0 0 0
Cd-113m 0 0 0 0 0 0 0 0 0 0 0 0 0
Cl-36 0 0 0 0 0 0 0 0 0 0 0 0 0
Cm-242 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.52E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03
Cm-243 3.33E–03 3.30E–03 3.30E–03 3.30E–03 3.33E–03 3.33E–03 3.33E–03 3.30E–03 3.34E–03 3.30E–03 3.33E–03 3.33E–03 3.33E–03
Cm-244 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.34E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03
Cm-245 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03
Cm-246 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03
Co-60 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-134 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-135 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-137 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-152 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-154 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-155 0 0 0 0 0 0 0 0 0 0 0 0 0
Fe-55 0 0 0 0 0 0 0 0 0 0 0 0 0
Gd-152 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03
H-3 0 0 0 0 0 0 0 0 0 0 0 0 0
Ho-166m 0 0 0 0 0 0 0 0 0 0 0 0 0
I-129 0 0 0 0 0 0 0 0 0 0 0 0 0
In-115 0 0 0 0 0 0 0 0 0 0 0 0 0
Mo-93 0 0 0 0 0 0 0 0 0 0 0 0 0
Nb-93m 0 0 0 0 0 0 0 0 0 0 0 0 0
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Radionuclides Amphibian Benthic fish Bird Bivalve 
mollusc

Crustacean Gastropod Insect 
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phytoplank-
ton

Vascular 
plant

Zooplankton

Nb-94 0 0 0 0 0 0 0 0 0 0 0 0 0
Ni-59 0 0 0 0 0 0 0 0 0 0 0 0 0
Ni-63 0 0 0 0 0 0 0 0 0 0 0 0 0
Np-237 2.74E–03 2.74E–03 2.74E–03 2.74E–03 2.77E–03 2.74E–03 2.77E–03 2.74E–03 2.75E–03 2.74E–03 2.77E–03 2.77E–03 2.77E–03
Pa-231 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03
Pb-210 0 0 0 0 0 0 0 0 0 0 0 0 0
Pd-107 0 0 0 0 0 0 0 0 0 0 0 0 0
Pm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Po-210 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.06E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03
Pu-238 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.16E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03
Pu-239 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03
Pu-240 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03
Pu-241 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.92E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08
Pu-242 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03
Ra-226 1.34E–02 1.43E–02 1.43E–02 1.34E–02 1.37E–02 1.34E–02 1.37E–02 1.43E–02 1.38E–02 1.43E–02 1.39E–02 1.37E–02 1.37E–02
Ra-228 0 0 0 0 0 0 0 0 0 0 0 0 0
Ru-106 0 0 0 0 0 0 0 0 0 0 0 0 0
Sb-125 0 0 0 0 0 0 0 0 0 0 0 0 0
Se-79 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-147 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03
Sm-151 0 0 0 0 0 0 0 0 0 0 0 0 0
Sn-126 0 0 0 0 0 0 0 0 0 0 0 0 0
Sr-90 0 0 0 0 0 0 0 0 0 0 0 0 0
Tc-99 0 0 0 0 0 0 0 0 0 0 0 0 0
Th-228 1.84E–02 1.82E–02 1.82E–02 1.84E–02 1.88E–02 1.84E–02 1.88E–02 1.82E–02 1.85E–02 1.82E–02 1.88E–02 1.86E–02 1.88E–02
Th-229 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03
Th-230 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.69E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03
Th-232 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03
U-232 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03
U-233 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03
U-234 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.74E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03
U-235 2.57E–03 2.57E–03 2.57E–03 2.57E–03 2.59E–03 2.57E–03 2.59E–03 2.54E–03 2.54E–03 2.57E–03 2.50E–03 2.59E–03 2.59E–03
U-236 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03
U-238 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.41E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03
Zr-93 0 0 0 0 0 0 0 0 0 0 0 0 0
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Tabel E-10. DCC_int_alpha for marine organisms ((µGy h–1)/(Bq kgfw–1)). 

Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto-
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Ac-227 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05 3.93E–05
Ag-108m 0 0 0 0 0 0 0 0 0 0 0 0 0
Am-241 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.16E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.17E–03 3.16E–03 3.17E–03 3.17E–03
Am-242m 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05 1.43E–05
Am-243 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03 3.04E–03
Ba-133 0 0 0 0 0 0 0 0 0 0 0 0 0
Be-10 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-ind 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-inorg 0 0 0 0 0 0 0 0 0 0 0 0 0
C-14-org 0 0 0 0 0 0 0 0 0 0 0 0 0
Ca-41 0 0 0 0 0 0 0 0 0 0 0 0 0
Cd-113m 0 0 0 0 0 0 0 0 0 0 0 0 0
Cl-36 0 0 0 0 0 0 0 0 0 0 0 0 0
Cm-242 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.52E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.50E–03 3.52E–03 3.50E–03 3.50E–03
Cm-243 3.30E–03 3.30E–03 3.33E–03 3.30E–03 3.34E–03 3.33E–03 3.36E–03 3.30E–03 3.33E–03 3.33E–03 3.34E–03 3.33E–03 3.33E–03
Cm-244 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.34E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.30E–03 3.34E–03 3.30E–03 3.30E–03
Cm-245 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03 3.09E–03
Cm-246 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03
Co-60 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-134 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-135 0 0 0 0 0 0 0 0 0 0 0 0 0
Cs-137 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-152 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-154 0 0 0 0 0 0 0 0 0 0 0 0 0
Eu-155 0 0 0 0 0 0 0 0 0 0 0 0 0
Fe-55 0 0 0 0 0 0 0 0 0 0 0 0 0
Gd-152 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03 1.24E–03
H-3 0 0 0 0 0 0 0 0 0 0 0 0 0
Ho-166m 0 0 0 0 0 0 0 0 0 0 0 0 0
I-129 0 0 0 0 0 0 0 0 0 0 0 0 0
In-115 0 0 0 0 0 0 0 0 0 0 0 0 0
Mo-93 0 0 0 0 0 0 0 0 0 0 0 0 0
Nb-93m 0 0 0 0 0 0 0 0 0 0 0 0 0
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Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto-
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Nb-94 0 0 0 0 0 0 0 0 0 0 0 0 0
Ni-59 0 0 0 0 0 0 0 0 0 0 0 0 0
Ni-63 0 0 0 0 0 0 0 0 0 0 0 0 0
Np-237 2.74E–03 2.74E–03 2.74E–03 2.74E–03 2.75E–03 2.74E–03 2.74E–03 2.74E–03 2.77E–03 2.74E–03 2.75E–03 2.74E–03 2.77E–03
Pa-231 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03 2.87E–03
Pb-210 0 0 0 0 0 0 0 0 0 0 0 0 0
Pd-107 0 0 0 0 0 0 0 0 0 0 0 0 0
Pm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Po-210 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.06E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.10E–03 3.06E–03 3.10E–03 3.10E–03
Pu-238 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.16E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.20E–03 3.16E–03 3.20E–03 3.20E–03
Pu-239 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03
Pu-240 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 3.00E–03 2.97E–03 3.00E–03 3.00E–03
Pu-241 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.92E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.20E–08 6.92E–08 6.20E–08 6.20E–08
Pu-242 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03 2.82E–03
Ra-226 1.43E–02 1.34E–02 1.34E–02 1.43E–02 1.38E–02 1.36E–02 1.40E–02 1.33E–02 1.39E–02 1.34E–02 1.38E–02 1.34E–02 1.36E–02
Ra-228 0 0 0 0 0 0 0 0 0 0 0 0 0
Ru-106 0 0 0 0 0 0 0 0 0 0 0 0 0
Sb-125 0 0 0 0 0 0 0 0 0 0 0 0 0
Se-79 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-147 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03 1.30E–03
Sm-151 0 0 0 0 0 0 0 0 0 0 0 0 0
Sn-126 0 0 0 0 0 0 0 0 0 0 0 0 0
Sr-90 0 0 0 0 0 0 0 0 0 0 0 0 0
Tc-99 0 0 0 0 0 0 0 0 0 0 0 0 0
Th-228 1.82E–02 1.82E–02 1.84E–02 1.82E–02 1.85E–02 1.84E–02 1.88E–02 1.82E–02 1.88E–02 1.84E–02 1.85E–02 1.84E–02 1.86E–02
Th-229 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03 2.81E–03
Th-230 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.69E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.70E–03 2.69E–03 2.70E–03 2.70E–03
Th-232 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03 2.30E–03
U-232 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03 3.06E–03
U-233 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03 2.78E–03
U-234 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.74E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.80E–03 2.74E–03 2.80E–03 2.80E–03
U-235 2.57E–03 2.57E–03 2.57E–03 2.57E–03 2.54E–03 2.57E–03 2.51E–03 2.57E–03 2.59E–03 2.57E–03 2.54E–03 2.57E–03 2.57E–03
U-236 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03 2.60E–03
U-238 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.41E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.40E–03 2.41E–03 2.40E–03 2.40E–03
Zr-93 0 0 0 0 0 0 0 0 0 0 0 0 0
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Tabel E-11. DCC_int_beta_gamma for marine organisms ((µGy h–1)/(Bq kgfw–1)). 

Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto-
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Ac-227 4.74E–06 4.73E–06 4.71E–06 4.73E–06 4.75E–06 4.69E–06 4.78E–06 4.73E–06 4.58E–06 4.70E–06 4.73E–06 4.71E–06 4.67E–06
Ag-108m 1.79E–04 1.25E–04 7.19E–05 1.58E–04 2.56E–04 4.20E–05 5.73E–04 1.41E–04 4.86E–06 5.94E–05 1.45E–04 7.51E–05 2.74E–05
Am-241 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.47E–05 3.20E–05 3.20E–05 3.20E–05 2.10E–09 3.20E–05 3.15E–05 3.20E–05 3.20E–05
Am-242m 1.29E–04 1.28E–04 1.24E–04 1.29E–04 1.30E–04 1.16E–04 1.34E–04 1.28E–04 5.95E–05 1.23E–04 1.28E–04 1.25E–04 1.12E–04
Am-243 1.80E–04 1.71E–04 1.60E–04 1.76E–04 1.94E–04 1.51E–04 2.43E–04 1.73E–04 9.63E–05 1.58E–04 1.74E–04 1.61E–04 1.47E–04
Ba-133 7.01E–05 5.46E–05 3.78E–05 6.39E–05 9.36E–05 3.03E–05 1.75E–04 5.88E–05 2.13E–05 3.45E–05 6.00E–05 3.88E–05 2.78E–05
Be-10 1.44E–04 1.44E–04 1.42E–04 1.44E–04 1.45E–04 1.29E–04 1.45E–04 1.44E–04 3.41E–05 1.40E–04 1.44E–04 1.42E–04 1.24E–04
C-14-ind 2.87E–05 2.87E–05 2.77E–05 2.87E–05 2.81E–05 2.77E–05 2.87E–05 2.87E–05 1.78E–09 2.77E–05 2.81E–05 2.77E–05 2.77E–05
C-14-inorg 2.87E–05 2.87E–05 2.77E–05 2.87E–05 2.81E–05 2.77E–05 2.87E–05 2.87E–05 1.78E–09 2.77E–05 2.81E–05 2.77E–05 2.77E–05
C-14-org 2.87E–05 2.87E–05 2.77E–05 2.87E–05 2.81E–05 2.77E–05 2.87E–05 2.87E–05 1.78E–09 2.77E–05 2.81E–05 2.77E–05 2.77E–05
Ca-41 2.39E–07 2.39E–07 2.33E–07 2.39E–07 2.40E–07 2.18E–07 2.41E–07 2.39E–07 1.62E–07 2.31E–07 2.39E–07 2.34E–07 2.00E–07
Cd-113m 1.06E–04 1.06E–04 1.05E–04 1.06E–04 1.07E–04 9.73E–05 1.07E–04 1.06E–04 3.53E–05 1.04E–04 1.06E–04 1.05E–04 9.39E–05
Cl-36 1.60E–04 1.60E–04 1.60E–04 1.60E–04 1.57E–04 1.40E–04 1.60E–04 1.60E–04 4.30E–09 1.50E–04 1.56E–04 1.60E–04 1.30E–04
Cm-242 0 0 0 0 5.68E–06 0 0 0 0 0 5.57E–06 0 0
Cm-243 1.02E–04 6.80E–05 6.80E–05 6.80E–05 9.55E–05 6.80E–05 1.40E–04 6.80E–05 4.40E–09 6.80E–05 8.44E–05 6.80E–05 6.80E–05
Cm-244 0 0 0 0 5.09E–06 0 0 0 0 0 4.99E–06 0 0
Cm-245 4.55E–05 4.22E–05 3.73E–05 4.40E–05 5.15E–05 3.44E–05 7.12E–05 4.29E–05 2.79E–05 3.61E–05 4.31E–05 3.76E–05 3.31E–05
Cm-246 4.69E–06 4.62E–06 4.39E–06 4.66E–06 4.74E–06 4.14E–06 4.79E–06 4.64E–06 3.82E–06 4.29E–06 4.65E–06 4.41E–06 4.04E–06
Co-60 2.40E–04 1.70E–04 9.80E–05 2.10E–04 3.37E–04 6.80E–05 7.80E–04 1.90E–04 3.00E–09 8.50E–05 1.92E–04 1.00E–04 5.60E–05
Cs-134 2.20E–04 1.70E–04 1.20E–04 2.00E–04 2.92E–04 9.50E–05 5.90E–04 1.90E–04 3.27E–09 1.10E–04 1.89E–04 1.30E–04 8.40E–05
Cs-135 3.86E–05 3.86E–05 3.86E–05 3.86E–05 3.86E–05 3.76E–05 3.86E–05 3.86E–05 2.28E–09 3.86E–05 3.85E–05 3.86E–05 3.76E–05
Cs-137 1.90E–04 1.70E–04 1.50E–04 1.80E–04 2.16E–04 1.30E–04 3.30E–04 1.80E–04 4.26E–09 1.40E–04 1.77E–04 1.50E–04 1.20E–04
Eu-152 1.57E–04 1.16E–04 8.35E–05 1.37E–04 2.08E–04 6.46E–05 4.16E–04 1.26E–04 2.28E–09 7.68E–05 1.33E–04 8.64E–05 5.55E–05
Eu-154 2.57E–04 2.18E–04 1.78E–04 2.48E–04 3.16E–04 1.49E–04 5.50E–04 2.38E–04 5.19E–09 1.68E–04 2.37E–04 1.88E–04 1.29E–04
Eu-155 4.07E–05 3.84E–05 3.54E–05 3.96E–05 4.52E–05 3.43E–05 5.86E–05 3.88E–05 2.95E–05 3.49E–05 3.89E–05 3.55E–05 3.37E–05
Fe-55 9.58E–07 9.58E–07 9.11E–07 9.56E–07 9.65E–07 8.02E–07 9.70E–07 9.54E–07 4.01E–07 8.99E–07 9.54E–07 9.20E–07 6.73E–07
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.10E–07 8.25E–07 8.25E–07 8.25E–07 5.25E–11 8.25E–07 8.10E–07 8.25E–07 8.25E–07
Ho-166m 2.16E–04 1.60E–04 1.06E–04 1.94E–04 2.99E–04 8.13E–05 6.39E–04 1.76E–04 5.15E–05 9.49E–05 1.80E–04 1.09E–04 7.19E–05
I-129 3.92E–05 3.70E–05 3.39E–05 3.83E–05 4.12E–05 3.31E–05 4.41E–05 3.70E–05 1.98E–09 3.31E–05 3.77E–05 3.39E–05 3.22E–05
In-115 8.73E–05 8.72E–05 8.63E–05 8.72E–05 8.74E–05 8.19E–05 8.75E–05 8.72E–05 3.68E–05 8.58E–05 8.72E–05 8.64E–05 7.95E–05
Mo-93 7.19E–06 6.75E–06 5.10E–06 7.04E–06 7.53E–06 3.27E–06 7.80E–06 6.88E–06 1.81E–06 4.32E–06 6.92E–06 5.21E–06 2.60E–06
Nb-93m 1.62E–05 1.61E–05 1.58E–05 1.62E–05 1.63E–05 1.55E–05 1.63E–05 1.62E–05 1.49E–05 1.57E–05 1.62E–05 1.59E–05 1.54E–05
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Ruddy 
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Vascular 
plant

Zooplankton

Nb-94 2.20E–04 1.70E–04 1.30E–04 2.00E–04 2.93E–04 1.00E–04 5.90E–04 1.90E–04 4.00E–09 1.20E–04 1.92E–04 1.30E–04 9.10E–05
Ni-59 1.36E–06 1.36E–06 1.29E–06 1.36E–06 1.37E–06 1.11E–06 1.40E–06 1.36E–06 3.78E–11 1.25E–06 1.36E–06 1.29E–06 8.75E–07
Ni-63 8.71E–06 8.71E–06 8.71E–06 8.71E–06 8.68E–06 8.71E–06 8.71E–06 8.71E–06 5.63E–10 8.71E–06 8.68E–06 8.71E–06 8.71E–06
Np-237 5.60E–05 2.80E–05 2.80E–05 5.60E–05 4.51E–05 2.80E–05 5.60E–05 2.80E–05 1.80E–09 2.80E–05 4.20E–05 2.80E–05 2.80E–05
Pa-231 3.92E–05 3.75E–05 3.45E–05 3.85E–05 4.16E–05 3.18E–05 4.95E–05 3.79E–05 2.74E–05 3.34E–05 3.81E–05 3.47E–05 3.07E–05
Pb-210 2.45E–04 2.35E–04 2.35E–04 2.35E–04 2.43E–04 1.96E–04 2.45E–04 2.35E–04 5.23E–09 2.25E–04 2.40E–04 2.35E–04 1.76E–04
Pd-107 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.51E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06
Pm-147 3.54E–05 3.54E–05 3.53E–05 3.54E–05 3.54E–05 3.50E–05 3.54E–05 3.54E–05 2.79E–05 3.53E–05 3.54E–05 3.53E–05 3.45E–05
Po-210 0 0 0 0 1.11E–09 0 0 0 0 0 5.61E–10 0 0
Pu-238 0 0 0 0 6.24E–06 0 0 0 0 0 6.14E–06 0 0
Pu-239 0 0 0 0 3.12E–06 0 0 0 0 0 3.08E–06 0 0
Pu-240 0 0 0 0 6.21E–06 0 0 0 0 0 6.11E–06 0 0
Pu-241 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 5.40E–11 8.37E–07 8.37E–07 8.37E–07 8.37E–07
Pu-242 5.07E–06 5.01E–06 4.80E–06 5.05E–06 5.11E–06 4.56E–06 5.15E–06 5.03E–06 4.21E–06 4.71E–06 5.04E–06 4.82E–06 4.45E–06
Ra-226 7.50E–04 5.60E–04 5.60E–04 7.50E–04 7.48E–04 4.20E–04 1.05E–03 7.00E–04 9.10E–09 5.60E–04 6.33E–04 5.60E–04 4.20E–04
Ra-228 3.49E–04 3.20E–04 2.81E–04 3.40E–04 3.93E–04 2.30E–04 5.68E–04 3.30E–04 6.62E–09 2.62E–04 3.30E–04 2.81E–04 1.90E–04
Ru-106 7.90E–04 7.30E–04 6.60E–04 7.80E–04 8.18E–04 4.50E–04 8.80E–04 7.70E–04 3.49E–09 6.00E–04 7.74E–04 6.80E–04 1.98E–04
Sb-125 9.51E–05 7.97E–05 6.43E–05 8.92E–05 1.17E–04 5.51E–05 1.98E–04 8.44E–05 2.60E–09 6.08E–05 8.53E–05 6.53E–05 5.23E–05
Se-79 3.17E–05 3.17E–05 3.17E–05 3.17E–05 3.19E–05 3.17E–05 3.17E–05 3.17E–05 1.98E–09 3.17E–05 3.18E–05 3.17E–05 3.17E–05
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 9.92E–06 1.03E–05 1.03E–05 1.03E–05 1.03E–05
Sn-126 5.66E–04 5.03E–04 4.38E–04 5.45E–04 6.47E–04 3.50E–04 9.64E–04 5.26E–04 7.60E–05 4.11E–04 5.31E–04 4.45E–04 2.63E–04
Sr-90 6.30E–04 6.00E–04 5.80E–04 6.30E–04 6.39E–04 4.50E–04 6.50E–04 6.20E–04 7.60E–09 5.40E–04 6.25E–04 5.80E–04 2.90E–04
Tc-99 5.80E–05 5.80E–05 5.80E–05 5.80E–05 5.81E–05 5.70E–05 5.80E–05 5.80E–05 3.10E–09 5.80E–05 5.80E–05 5.80E–05 5.60E–05
Th-228 7.60E–04 7.60E–04 5.70E–04 7.60E–04 6.72E–04 5.70E–04 1.20E–03 7.60E–04 1.20E–08 5.70E–04 5.76E–04 5.70E–04 3.80E–04
Th-229 7.11E–05 6.78E–05 6.28E–05 6.96E–05 7.71E–05 5.95E–05 9.64E–05 6.84E–05 4.89E–05 6.15E–05 6.87E–05 6.31E–05 5.77E–05
Th-230 0 0 0 0 8.48E–06 0 0 0 0 0 8.40E–06 0 0
Th-232 0 0 0 0 7.22E–06 0 0 0 0 0 7.15E–06 0 0
U-232 1.01E–05 1.00E–05 9.74E–06 1.01E–05 1.02E–05 9.40E–06 1.03E–05 1.01E–05 8.55E–06 9.61E–06 1.01E–05 9.77E–06 9.21E–06
U-233 3.60E–06 3.56E–06 3.40E–06 3.58E–06 3.65E–06 3.22E–06 3.74E–06 3.57E–06 2.88E–06 3.33E–06 3.57E–06 3.41E–06 3.13E–06
U-234 0 0 0 0 7.74E–06 0 0 0 0 0 7.65E–06 0 0
U-235 1.35E–04 1.35E–04 1.08E–04 1.35E–04 1.46E–04 1.08E–04 1.89E–04 1.35E–04 6.80E–09 1.08E–04 1.31E–04 1.35E–04 1.08E–04
U-236 6.61E–06 6.55E–06 6.34E–06 6.59E–06 6.65E–06 6.07E–06 6.69E–06 6.57E–06 5.58E–06 6.23E–06 6.57E–06 6.35E–06 5.94E–06
U-238 0 0 0 0 5.83E–06 0 0 0 0 0 5.77E–06 0 0
Zr-93 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.00E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05
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Tabel E-12. DCC_int_beta_gamma for limnic organisms ((µGy h–1)/(Bq kgfw–1)). 

Radionuclides Amphibian Benthic  
fish

Bird Bivalve 
mollusc

Crustacean Gastropod Insect 
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phyto-
plankton

Vascular 
plant

Zooplankton

Ac-227 4.71E–06 4.74E–06 4.74E–06 4.72E–06 4.66E–06 4.70E–06 4.66E–06 4.74E–06 4.14E–06 4.73E–06 4.14E–06 4.66E–06 4.64E–06
Ag-108m 7.94E–05 1.72E–04 1.79E–04 9.31E–05 1.80E–05 5.55E–05 1.88E–05 2.47E–04 3.84E–06 1.62E–04 3.84E–06 2.49E–05 1.25E–05
Am-241 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 2.03E–05 3.20E–05 6.50E–11 3.20E–05 3.20E–05
Am-242m 1.25E–04 1.29E–04 1.29E–04 1.26E–04 1.01E–04 1.22E–04 1.03E–04 1.30E–04 4.53E–05 1.29E–04 4.53E–05 9.81E–05 8.92E–05
Am-243 1.62E–04 1.79E–04 1.80E–04 1.64E–04 1.38E–04 1.56E–04 1.39E–04 1.91E–04 7.17E–05 1.77E–04 7.17E–05 1.33E–04 1.29E–04
Ba-133 4.00E–05 6.82E–05 7.01E–05 4.41E–05 2.62E–05 3.33E–05 2.63E–05 9.00E–05 1.72E–05 6.55E–05 1.72E–05 2.61E–05 2.49E–05
Be-10 1.42E–04 1.44E–04 1.44E–04 1.43E–04 1.06E–04 1.40E–04 1.08E–04 1.45E–04 2.13E–05 1.44E–04 2.13E–05 9.96E–05 8.38E–05
C-14-ind 2.77E–05 2.87E–05 2.87E–05 2.77E–05 2.77E–05 2.77E–05 2.77E–05 2.87E–05 1.93E–05 2.87E–05 5.35E–11 2.67E–05 2.67E–05
C-14-inorg 2.77E–05 2.87E–05 2.87E–05 2.77E–05 2.77E–05 2.77E–05 2.77E–05 2.87E–05 1.93E–05 2.87E–05 5.35E–11 2.67E–05 2.67E–05
C-14-org 2.77E–05 2.87E–05 2.87E–05 2.77E–05 2.77E–05 2.77E–05 2.77E–05 2.87E–05 1.93E–05 2.87E–05 5.35E–11 2.67E–05 2.67E–05
Ca-41 2.34E–07 2.39E–07 2.39E–07 2.36E–07 1.83E–07 2.27E–07 1.84E–07 2.40E–07 1.61E–07 2.39E–07 1.61E–07 1.88E–07 1.79E–07
Cd-113m 1.05E–04 1.06E–04 1.06E–04 1.06E–04 8.27E–05 1.03E–04 8.41E–05 1.06E–04 2.35E–05 1.06E–04 2.35E–05 7.78E–05 6.92E–05
Cl-36 1.60E–04 1.60E–04 1.60E–04 1.60E–04 1.10E–04 1.50E–04 1.10E–04 1.60E–04 1.79E–05 1.60E–04 1.20E–10 1.10E–04 8.00E–05
Cm-242 0 0 0 0 0 0 0 0 3.96E–06 0 0 0 0
Cm-243 6.80E–05 1.02E–04 1.02E–04 6.80E–05 6.80E–05 6.80E–05 6.80E–05 1.02E–04 3.71E–05 1.02E–04 1.40E–10 6.80E–05 6.80E–05
Cm-244 0 0 0 0 0 0 0 0 3.55E–06 0 0 0 0
Cm-245 3.80E–05 4.52E–05 4.55E–05 3.91E–05 3.19E–05 3.57E–05 3.21E–05 5.03E–05 2.30E–05 4.46E–05 2.30E–05 3.19E–05 3.13E–05
Cm-246 4.44E–06 4.69E–06 4.69E–06 4.50E–06 3.98E–06 4.27E–06 3.98E–06 4.73E–06 3.31E–06 4.68E–06 3.31E–06 3.99E–06 3.94E–06
Co-60 1.10E–04 2.30E–04 2.40E–04 1.20E–04 5.10E–05 7.90E–05 5.20E–05 3.30E–04 2.56E–05 2.10E–04 8.81E–11 5.20E–05 4.80E–05
Cs-134 1.30E–04 2.10E–04 2.20E–04 1.40E–04 7.03E–05 1.10E–04 7.20E–05 2.80E–04 1.88E–05 2.10E–04 9.31E–11 6.93E–05 5.64E–05
Cs-135 3.86E–05 3.86E–05 3.86E–05 3.86E–05 3.66E–05 3.86E–05 3.66E–05 3.86E–05 2.30E–05 3.86E–05 6.83E–11 3.56E–05 3.56E–05
Cs-137 1.50E–04 1.90E–04 1.90E–04 1.60E–04 9.60E–05 1.40E–04 9.80E–05 2.10E–04 2.36E–05 1.80E–04 1.19E–10 9.80E–05 7.60E–05
Eu-152 8.83E–05 1.47E–04 1.57E–04 9.70E–05 4.65E–05 7.39E–05 4.74E–05 1.96E–04 1.71E–05 1.47E–04 6.83E–11 4.84E–05 3.96E–05
Eu-154 1.88E–04 2.57E–04 2.57E–04 1.98E–04 1.08E–04 1.68E–04 1.08E–04 3.07E–04 3.64E–05 2.48E–04 1.47E–10 1.18E–04 8.82E–05
Eu-155 3.57E–05 4.05E–05 4.07E–05 3.63E–05 3.30E–05 3.47E–05 3.31E–05 4.43E–05 2.37E–05 4.00E–05 2.37E–05 3.28E–05 3.25E–05
Fe-55 9.23E–07 9.59E–07 9.58E–07 9.35E–07 5.55E–07 8.71E–07 5.64E–07 9.63E–07 3.95E–07 9.58E–07 3.95E–07 5.86E–07 5.22E–07
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.25E–07 7.57E–07 8.25E–07 1.68E–12 8.25E–07 8.25E–07
Ho-166m 1.13E–04 2.08E–04 2.16E–04 1.27E–04 6.64E–05 9.09E–05 6.70E–05 2.89E–04 3.97E–05 1.99E–04 3.97E–05 6.76E–05 6.29E–05
I-129 3.39E–05 3.92E–05 3.92E–05 3.52E–05 3.10E–05 3.31E–05 3.10E–05 4.09E–05 2.24E–05 3.83E–05 6.11E–11 3.10E–05 3.10E–05
In-115 8.65E–05 8.73E–05 8.73E–05 8.68E–05 7.20E–05 8.54E–05 7.29E–05 8.74E–05 2.51E–05 8.73E–05 2.51E–05 6.73E–05 6.32E–05
Mo-93 5.42E–06 7.21E–06 7.19E–06 5.91E–06 2.21E–06 4.20E–06 2.23E–06 7.43E–06 1.68E–06 7.14E–06 1.68E–06 2.35E–06 2.10E–06
Nb-93m 1.59E–05 1.62E–05 1.62E–05 1.60E–05 1.53E–05 1.57E–05 1.53E–05 1.63E–05 1.30E–05 1.62E–05 1.30E–05 1.53E–05 1.52E–05
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Nb-94 1.30E–04 2.20E–04 2.20E–04 1.40E–04 7.90E–05 1.10E–04 8.10E–05 2.90E–04 2.49E–05 2.10E–04 1.20E–10 7.60E–05 6.80E–05
Ni-59 1.29E–06 1.36E–06 1.36E–06 1.33E–06 6.93E–07 1.22E–06 6.93E–07 1.36E–06 4.19E–07 1.36E–06 1.11E–12 7.48E–07 6.27E–07
Ni-63 8.71E–06 8.71E–06 8.71E–06 8.71E–06 8.62E–06 8.71E–06 8.62E–06 8.71E–06 7.30E–06 8.71E–06 1.76E–11 8.62E–06 8.62E–06
Np-237 2.80E–05 5.60E–05 5.60E–05 2.80E–05 2.80E–05 2.80E–05 2.80E–05 5.60E–05 2.66E–05 5.60E–05 5.70E–11 2.80E–05 2.80E–05
Pa-231 3.50E–05 3.90E–05 3.92E–05 3.58E–05 2.98E–05 3.32E–05 2.99E–05 4.12E–05 2.41E–05 3.87E–05 2.41E–05 2.98E–05 2.93E–05
Pb-210 2.35E–04 2.45E–04 2.45E–04 2.35E–04 1.36E–04 2.25E–04 1.36E–04 2.45E–04 2.83E–05 2.45E–04 1.50E–10 1.46E–04 9.60E–05
Pd-107 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.54E–06 3.55E–06 3.54E–06 3.55E–06 3.20E–06 3.55E–06 3.20E–06 3.54E–06 3.54E–06
Pm-147 3.53E–05 3.54E–05 3.54E–05 3.53E–05 3.35E–05 3.52E–05 3.37E–05 3.54E–05 2.13E–05 3.54E–05 2.13E–05 3.30E–05 3.27E–05
Po-210 0 0 0 0 0 0 0 0 2.93E–13 0 0 0 0
Pu-238 0 0 0 0 0 0 0 0 4.42E–06 0 0 0 0
Pu-239 0 0 0 0 0 0 0 0 2.32E–06 0 0 0 0
Pu-240 0 0 0 0 0 0 0 0 4.40E–06 0 0 0 0
Pu-241 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 7.78E–07 8.37E–07 1.70E–12 8.37E–07 8.37E–07
Pu-242 4.85E–06 5.07E–06 5.07E–06 4.91E–06 4.38E–06 4.69E–06 4.39E–06 5.10E–06 3.62E–06 5.06E–06 3.62E–06 4.40E–06 4.35E–06
Ra-226 5.60E–04 7.50E–04 7.50E–04 5.60E–04 2.80E–04 5.60E–04 2.80E–04 7.50E–04 4.29E–05 7.50E–04 2.90E–10 2.80E–04 2.80E–04
Ra-228 2.91E–04 3.40E–04 3.49E–04 3.01E–04 1.50E–04 2.62E–04 1.50E–04 3.92E–04 4.45E–05 3.40E–04 1.91E–10 1.71E–04 1.12E–04
Ru-106 6.90E–04 7.90E–04 7.90E–04 7.20E–04 1.08E–04 5.50E–04 1.19E–04 8.20E–04 5.86E–06 7.80E–04 9.12E–11 2.28E–04 7.06E–05
Sb-125 6.72E–05 9.31E–05 9.51E–05 7.01E–05 4.70E–05 5.99E–05 4.79E–05 1.16E–04 2.25E–05 9.02E–05 7.81E–11 4.61E–05 4.32E–05
Se-79 3.17E–05 3.17E–05 3.17E–05 3.17E–05 3.07E–05 3.17E–05 3.07E–05 3.17E–05 2.10E–05 3.17E–05 5.94E–11 3.07E–05 2.97E–05
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.02E–05 1.03E–05 1.02E–05 1.03E–05 8.51E–06 1.03E–05 8.51E–06 1.02E–05 1.02E–05
Sn-126 4.51E–04 5.59E–04 5.66E–04 4.70E–04 1.94E–04 4.04E–04 2.00E–04 6.37E–04 5.62E–05 5.49E–04 5.62E–05 2.46E–04 1.50E–04
Sr-90 5.90E–04 6.30E–04 6.30E–04 6.00E–04 2.00E–04 5.30E–04 2.10E–04 6.40E–04 2.77E–05 6.30E–04 2.10E–10 2.80E–04 1.40E–04
Tc-99 5.80E–05 5.80E–05 5.80E–05 5.80E–05 5.30E–05 5.80E–05 5.30E–05 5.80E–05 2.66E–05 5.80E–05 9.30E–11 5.10E–05 5.00E–05
Th-228 5.70E–04 7.60E–04 7.60E–04 5.70E–04 1.90E–04 5.70E–04 1.90E–04 7.60E–04 6.26E–05 7.60E–04 3.80E–10 3.80E–04 1.90E–04
Th-229 6.35E–05 7.08E–05 7.11E–05 6.47E–05 5.60E–05 6.11E–05 5.62E–05 7.59E–05 3.94E–05 7.02E–05 3.94E–05 5.56E–05 5.48E–05
Th-230 0 0 0 0 0 0 0 0 5.78E–06 0 0 0 0
Th-232 0 0 0 0 0 0 0 0 5.06E–06 0 0 0 0
U-232 9.80E–06 1.01E–05 1.01E–05 9.89E–06 9.08E–06 9.58E–06 9.09E–06 1.02E–05 7.06E–06 1.01E–05 7.06E–06 9.08E–06 8.97E–06
U-233 3.43E–06 3.60E–06 3.60E–06 3.48E–06 3.07E–06 3.31E–06 3.07E–06 3.64E–06 2.47E–06 3.60E–06 2.47E–06 3.07E–06 3.03E–06
U-234 0 0 0 0 0 0 0 0 5.44E–06 0 0 0 0
U-235 1.35E–04 1.35E–04 1.35E–04 1.35E–04 1.08E–04 1.08E–04 1.08E–04 1.35E–04 7.47E–05 1.35E–04 2.16E–10 1.08E–04 1.08E–04
U-236 6.38E–06 6.61E–06 6.61E–06 6.44E–06 5.85E–06 6.21E–06 5.86E–06 6.64E–06 4.72E–06 6.60E–06 4.72E–06 5.86E–06 5.79E–06
U-238 0 0 0 0 0 0 0 0 4.15E–06 0 0 0 0
Zr-93 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 8.65E–06 1.03E–05 8.65E–06 1.03E–05 1.02E–05
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Tabel E-13. DCC_int_beta_gamma for terrestrial organisms ((µGy h–1)/(Bq kgfw–1)). 

Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Ac-227 4.71E–06 4.74E–06 4.72E–06 4.68E–06 4.75E–06 4.68E–06 4.69E–06 4.69E–06 4.67E–06 4.78E–06 4.73E–06 4.72E–06 4.73E–06 4.69E–06 4.69E–06 4.78E–06
Ag-108m 7.94E–05 1.79E–04 8.99E–05 3.22E–05 2.56E–04 4.15E–05 4.80E–05 5.05E–05 2.68E–05 6.17E–04 1.27E–04 1.15E–04 1.45E–04 5.05E–05 5.28E–05 5.73E–04
Am-241 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.47E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.20E–05 3.15E–05 3.20E–05 3.20E–05 3.20E–05
Am-242m 1.25E–04 1.29E–04 1.26E–04 1.15E–04 1.30E–04 1.19E–04 1.21E–04 1.21E–04 1.09E–04 1.34E–04 1.28E–04 1.27E–04 1.28E–04 1.21E–04 1.22E–04 1.34E–04
Am-243 1.62E–04 1.80E–04 1.64E–04 1.48E–04 1.94E–04 1.52E–04 1.54E–04 1.55E–04 1.44E–04 2.47E–04 1.70E–04 1.69E–04 1.74E–04 1.55E–04 1.56E–04 2.48E–04
Ba-133 4.00E–05 7.01E–05 4.32E–05 2.84E–05 9.36E–05 3.01E–05 3.15E–05 3.20E–05 2.74E–05 1.83E–04 5.44E–05 5.14E–05 6.00E–05 3.20E–05 3.26E–05 1.81E–04
Be-10 1.42E–04 1.44E–04 1.43E–04 1.28E–04 1.45E–04 1.35E–04 1.37E–04 1.38E–04 1.20E–04 1.45E–04 1.44E–04 1.44E–04 1.44E–04 1.38E–04 1.39E–04 1.45E–04
C-14-ind 2.77E–05 2.87E–05 2.77E–05 2.77E–05 2.81E–05 2.77E–05 2.77E–05 2.77E–05 2.77E–05 2.87E–05 2.87E–05 2.87E–05 2.81E–05 2.77E–05 2.77E–05 2.87E–05
C-14-inorg 2.77E–05 2.87E–05 2.77E–05 2.77E–05 2.81E–05 2.77E–05 2.77E–05 2.77E–05 2.77E–05 2.87E–05 2.87E–05 2.87E–05 2.81E–05 2.77E–05 2.77E–05 2.87E–05
C-14-org 2.77E–05 2.87E–05 2.77E–05 2.77E–05 2.81E–05 2.77E–05 2.77E–05 2.77E–05 2.77E–05 2.87E–05 2.87E–05 2.87E–05 2.81E–05 2.77E–05 2.77E–05 2.87E–05
Ca-41 2.34E–07 2.39E–07 2.35E–07 2.03E–07 2.40E–07 2.16E–07 2.22E–07 2.24E–07 1.93E–07 2.41E–07 2.38E–07 2.39E–07 2.39E–07 2.24E–07 2.26E–07 2.41E–07
Cd-113m 1.05E–04 1.06E–04 1.05E–04 9.64E–05 1.07E–04 1.00E–04 1.02E–04 1.03E–04 9.09E–05 1.07E–04 1.06E–04 1.06E–04 1.06E–04 1.03E–04 1.03E–04 1.07E–04
Cl-36 1.60E–04 1.60E–04 1.60E–04 1.40E–04 1.57E–04 1.40E–04 1.50E–04 1.50E–04 1.30E–04 1.60E–04 1.60E–04 1.60E–04 1.56E–04 1.50E–04 1.50E–04 1.60E–04
Cm-242 0 0 0 0 5.68E–06 0 0 0 0 0 0 0 5.57E–06 0 0 0
Cm-243 6.80E–05 1.02E–04 6.80E–05 6.80E–05 9.55E–05 6.80E–05 6.80E–05 6.80E–05 6.80E–05 1.40E–04 6.80E–05 6.80E–05 8.44E–05 6.80E–05 6.80E–05 1.40E–04
Cm-244 0 0 0 0 5.09E–06 0 0 0 0 0 0 0 4.99E–06 0 0 0
Cm-245 3.80E–05 4.55E–05 3.89E–05 3.35E–05 5.15E–05 3.43E–05 3.50E–05 3.52E–05 3.28E–05 7.27E–05 4.17E–05 4.12E–05 4.31E–05 3.52E–05 3.54E–05 7.36E–05
Cm-246 4.44E–06 4.69E–06 4.49E–06 4.07E–06 4.74E–06 4.15E–06 4.20E–06 4.22E–06 4.03E–06 4.79E–06 4.61E–06 4.58E–06 4.65E–06 4.22E–06 4.24E–06 4.79E–06
Co-60 1.10E–04 2.40E–04 1.20E–04 5.90E–05 3.37E–04 6.40E–05 7.10E–05 7.40E–05 5.50E–05 8.50E–04 1.70E–04 1.50E–04 1.92E–04 7.40E–05 7.70E–05 7.30E–04
Cs-134 1.30E–04 2.20E–04 1.40E–04 8.80E–05 2.92E–04 9.70E–05 1.00E–04 1.00E–04 8.20E–05 6.30E–04 1.70E–04 1.60E–04 1.89E–04 1.00E–04 1.10E–04 5.80E–04
Cs-135 3.86E–05 3.86E–05 3.86E–05 3.76E–05 3.86E–05 3.76E–05 3.86E–05 3.86E–05 3.76E–05 3.86E–05 3.86E–05 3.86E–05 3.85E–05 3.86E–05 3.86E–05 3.86E–05
Cs-137 1.50E–04 1.90E–04 1.60E–04 1.20E–04 2.16E–04 1.40E–04 1.40E–04 1.40E–04 1.10E–04 3.40E–04 1.70E–04 1.70E–04 1.77E–04 1.40E–04 1.40E–04 3.20E–04
Eu-152 8.83E–05 1.57E–04 9.60E–05 5.89E–05 2.08E–04 6.46E–05 6.84E–05 7.03E–05 5.45E–05 4.55E–04 1.16E–04 1.16E–04 1.33E–04 7.03E–05 7.13E–05 4.06E–04
Eu-154 1.88E–04 2.57E–04 1.98E–04 1.39E–04 3.16E–04 1.49E–04 1.58E–04 1.68E–04 1.29E–04 5.80E–04 2.28E–04 2.18E–04 2.37E–04 1.68E–04 1.68E–04 5.30E–04
Eu-155 3.57E–05 4.07E–05 3.61E–05 3.39E–05 4.52E–05 3.42E–05 3.44E–05 3.45E–05 3.36E–05 5.95E–05 3.80E–05 3.77E–05 3.89E–05 3.45E–05 3.46E–05 6.03E–05
Fe-55 9.23E–07 9.58E–07 9.30E–07 7.00E–07 9.65E–07 7.92E–07 8.37E–07 8.50E–07 6.25E–07 9.70E–07 9.50E–07 9.55E–07 9.54E–07 8.50E–07 8.64E–07 9.71E–07
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.10E–07 1.09E–06 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.25E–07 8.10E–07 8.25E–07 8.25E–07 8.25E–07
Ho-166m 1.13E–04 2.16E–04 1.23E–04 7.42E–05 2.99E–04 7.99E–05 8.47E–05 8.66E–05 7.08E–05 6.86E–04 1.61E–04 1.50E–04 1.80E–04 8.66E–05 8.88E–05 6.37E–04
I-129 3.39E–05 3.92E–05 3.52E–05 3.22E–05 4.12E–05 3.22E–05 3.31E–05 3.31E–05 3.22E–05 4.50E–05 3.70E–05 3.61E–05 3.77E–05 3.31E–05 3.31E–05 4.50E–05
In-115 8.65E–05 8.73E–05 8.67E–05 8.10E–05 8.74E–05 8.36E–05 8.47E–05 8.51E–05 7.72E–05 8.76E–05 8.71E–05 8.72E–05 8.72E–05 8.51E–05 8.53E–05 8.76E–05
Mo-93 5.42E–06 7.19E–06 5.82E–06 2.77E–06 7.53E–06 3.30E–06 3.73E–06 3.84E–06 2.48E–06 7.81E–06 6.66E–06 6.48E–06 6.92E–06 3.84E–06 3.95E–06 7.84E–06
Nb-93m 1.59E–05 1.62E–05 1.60E–05 1.54E–05 1.63E–05 1.55E–05 1.56E–05 1.56E–05 1.54E–05 1.63E–05 1.61E–05 1.61E–05 1.62E–05 1.56E–05 1.56E–05 1.63E–05
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Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Nb-94 1.30E–04 2.20E–04 1.40E–04 9.40E–05 2.93E–04 1.00E–04 1.10E–04 1.10E–04 8.80E–05 6.40E–04 1.80E–04 1.70E–04 1.92E–04 1.10E–04 1.10E–04 5.80E–04
Ni-59 1.29E–06 1.36E–06 1.29E–06 9.36E–07 1.37E–06 1.07E–06 1.18E–06 1.18E–06 7.82E–07 1.40E–06 1.36E–06 1.36E–06 1.36E–06 1.18E–06 1.18E–06 1.40E–06
Ni-63 8.71E–06 8.71E–06 8.71E–06 8.71E–06 8.68E–06 8.91E–06 8.71E–06 8.71E–06 8.71E–06 8.71E–06 8.71E–06 8.71E–06 8.68E–06 8.71E–06 8.71E–06 8.71E–06
Np-237 2.80E–05 5.60E–05 2.80E–05 2.80E–05 4.51E–05 2.80E–05 2.80E–05 2.80E–05 2.80E–05 5.60E–05 2.80E–05 2.80E–05 4.20E–05 2.80E–05 2.80E–05 5.60E–05
Pa-231 3.50E–05 3.92E–05 3.56E–05 3.10E–05 4.16E–05 3.19E–05 3.25E–05 3.27E–05 3.04E–05 5.03E–05 3.73E–05 3.69E–05 3.81E–05 3.27E–05 3.29E–05 5.01E–05
Pb-210 2.35E–04 2.45E–04 2.35E–04 1.86E–04 2.43E–04 2.06E–04 2.16E–04 2.16E–04 1.67E–04 2.45E–04 2.35E–04 2.35E–04 2.40E–04 2.16E–04 2.25E–04 2.45E–04
Pd-107 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06 3.55E–06
Pm-147 3.53E–05 3.54E–05 3.53E–05 3.47E–05 3.54E–05 3.50E–05 3.51E–05 3.52E–05 3.42E–05 3.54E–05 3.54E–05 3.54E–05 3.54E–05 3.52E–05 3.52E–05 3.54E–05
Po-210 0 0 0 0 1.11E–09 0 0 0 0 0 0 0 5.61E–10 0 0 0
Pu-238 0 0 0 0 6.24E–06 0 0 0 0 0 0 0 6.14E–06 0 0 0
Pu-239 0 0 0 0 3.12E–06 0 0 0 0 0 0 0 3.08E–06 0 0 0
Pu-240 0 0 0 0 6.21E–06 0 0 0 0 0 0 0 6.11E–06 0 0 0
Pu-241 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 1.05E–06 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07 8.37E–07
Pu-242 4.85E–06 5.07E–06 4.90E–06 4.48E–06 5.11E–06 4.56E–06 4.62E–06 4.64E–06 4.44E–06 5.16E–06 5.00E–06 4.98E–06 5.04E–06 4.64E–06 4.66E–06 5.16E–06
Ra-226 5.60E–04 7.50E–04 5.60E–04 4.20E–04 7.48E–04 4.20E–04 4.20E–04 5.60E–04 4.20E–04 1.20E–03 7.00E–04 5.60E–04 6.33E–04 5.60E–04 5.60E–04 1.05E–03
Ra-228 2.91E–04 3.49E–04 2.91E–04 2.11E–04 3.93E–04 2.30E–04 2.50E–04 2.52E–04 1.90E–04 6.04E–04 3.20E–04 3.10E–04 3.30E–04 2.52E–04 2.62E–04 5.59E–04
Ru-106 6.90E–04 7.90E–04 7.10E–04 2.57E–04 8.18E–04 3.60E–04 4.70E–04 5.10E–04 1.98E–04 8.80E–04 7.60E–04 7.20E–04 7.74E–04 5.10E–04 5.40E–04 8.80E–04
Sb-125 6.72E–05 9.51E–05 7.01E–05 5.32E–05 1.17E–04 5.61E–05 5.80E–05 5.80E–05 5.13E–05 2.18E–04 7.97E–05 7.68E–05 8.53E–05 5.80E–05 5.89E–05 2.08E–04
Se-79 3.17E–05 3.17E–05 3.17E–05 3.17E–05 3.19E–05 3.17E–05 3.17E–05 3.17E–05 3.17E–05 3.17E–05 3.17E–05 3.17E–05 3.18E–05 3.17E–05 3.17E–05 3.17E–05
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05
Sn-126 4.51E–04 5.66E–04 4.65E–04 2.99E–04 6.47E–04 3.51E–04 3.79E–04 3.90E–04 2.61E–04 1.01E–03 5.10E–04 4.92E–04 5.31E–04 3.90E–04 3.97E–04 9.64E–04
Sr-90 5.90E–04 6.30E–04 6.00E–04 3.50E–04 6.39E–04 4.20E–04 4.90E–04 5.10E–04 2.90E–04 6.50E–04 6.20E–04 6.00E–04 6.25E–04 5.10E–04 5.20E–04 6.50E–04
Tc-99 5.80E–05 5.80E–05 5.80E–05 5.60E–05 5.81E–05 5.70E–05 5.70E–05 5.80E–05 5.40E–05 5.80E–05 5.80E–05 5.80E–05 5.80E–05 5.80E–05 5.80E–05 5.80E–05
Th-228 5.70E–04 7.60E–04 5.70E–04 3.80E–04 6.72E–04 5.70E–04 5.70E–04 5.70E–04 3.80E–04 1.20E–03 7.60E–04 7.60E–04 5.76E–04 5.70E–04 5.70E–04 1.00E–03
Th-229 6.35E–05 7.11E–05 6.44E–05 5.82E–05 7.71E–05 5.94E–05 6.02E–05 6.05E–05 5.73E–05 9.79E–05 6.73E–05 6.69E–05 6.87E–05 6.05E–05 6.08E–05 9.88E–05
Th-230 0 0 0 0 8.48E–06 0 0 0 0 0 0 0 8.40E–06 0 0 0
Th-232 0 0 0 0 7.22E–06 0 0 0 0 0 0 0 7.15E–06 0 0 0
U-232 9.80E–06 1.01E–05 9.87E–06 9.26E–06 1.02E–05 9.39E–06 9.48E–06 9.51E–06 9.19E–06 1.03E–05 1.00E–05 9.99E–06 1.01E–05 9.51E–06 9.53E–06 1.03E–05
U-233 3.43E–06 3.60E–06 3.47E–06 3.15E–06 3.65E–06 3.22E–06 3.26E–06 3.28E–06 3.11E–06 3.75E–06 3.55E–06 3.53E–06 3.57E–06 3.28E–06 3.29E–06 3.75E–06
U-234 0 0 0 0 7.74E–06 0 0 0 0 0 0 0 7.65E–06 0 0 0
U-235 1.35E–04 1.35E–04 1.35E–04 1.08E–04 1.46E–04 1.08E–04 1.08E–04 1.08E–04 1.08E–04 1.89E–04 1.35E–04 1.35E–04 1.31E–04 1.08E–04 1.08E–04 1.89E–04
U-236 6.38E–06 6.61E–06 6.43E–06 5.97E–06 6.65E–06 6.07E–06 6.14E–06 6.16E–06 5.92E–06 6.70E–06 6.54E–06 6.52E–06 6.57E–06 6.16E–06 6.17E–06 6.70E–06
U-238 0 0 0 0 5.83E–06 0 0 0 0 0 0 0 5.77E–06 0 0 0
Zr-93 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05 1.03E–05
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Table E-14. DCC_int_low_beta for terrestrial organisms. 

Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Ac-227 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06
Ag-108m 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06
Am-241 0 0 0 0 5.73E–06 0 0 0 0 0 0 0 5.73E–06 0 0 0
Am-242m 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06
Am-243 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06
Ba-133 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06
Be-10 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08
C-14-ind 2.80E–07 2.90E–07 2.80E–07 2.80E–07 3.73E–07 2.80E–07 2.80E–07 2.80E–07 2.80E–07 2.90E–07 2.90E–07 2.90E–07 3.73E–07 2.80E–07 2.80E–07 2.90E–07
C-14-inorg 2.80E–07 2.90E–07 2.80E–07 2.80E–07 3.73E–07 2.80E–07 2.80E–07 2.80E–07 2.80E–07 2.90E–07 2.90E–07 2.90E–07 3.73E–07 2.80E–07 2.80E–07 2.90E–07
C-14-org 2.80E–07 2.90E–07 2.80E–07 2.80E–07 3.73E–07 2.80E–07 2.80E–07 2.80E–07 2.80E–07 2.90E–07 2.90E–07 2.90E–07 3.73E–07 2.80E–07 2.80E–07 2.90E–07
Ca-41 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06
Cd-113m 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07
Cl-36 0 0 0 0 6.91E–08 0 0 0 0 0 0 0 6.91E–08 0 0 0
Cm-242 0 0 0 0 8.19E–07 0 0 0 0 0 0 0 8.19E–07 0 0 0
Cm-243 0 0 0 0 7.95E–06 0 0 0 0 0 0 0 7.95E–06 0 0 0
Cm-244 0 0 0 0 7.62E–07 0 0 0 0 0 0 0 7.62E–07 0 0 0
Cm-245 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06
Cm-246 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07
Co-60 0 0 0 0 2.26E–07 0 0 0 0 0 0 0 2.26E–07 0 0 0
Cs-134 0 0 0 0 3.59E–07 0 0 0 0 0 0 0 3.59E–07 0 0 0
Cs-135 3.90E–07 3.90E–07 3.90E–07 3.80E–07 3.05E–07 3.80E–07 3.90E–07 3.90E–07 3.80E–07 3.90E–07 3.90E–07 3.90E–07 3.05E–07 3.90E–07 3.90E–07 3.90E–07
Cs-137 0 0 0 0 3.71E–07 0 0 0 0 0 0 0 3.71E–07 0 0 0
Eu-152 3.68E–06 3.20E–06 2.97E–06 3.10E–06 3.42E–06 3.40E–06 3.60E–06 3.70E–06 3.48E–06 4.60E–06 3.60E–06 3.60E–06 3.42E–06 3.70E–06 3.75E–06 4.10E–06
Eu-154 1.90E–06 2.60E–06 2.00E–06 1.40E–06 1.83E–06 1.50E–06 1.60E–06 1.70E–06 1.30E–06 0 2.30E–06 2.20E–06 1.83E–06 1.70E–06 1.70E–06 0
Eu-155 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06
Fe-55 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.47E–06 2.21E–06 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.47E–06 2.48E–06 2.48E–06 2.48E–06
Ho-166m 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06
I-129 5.07E–06 4.84E–06 4.80E–06 4.81E–06 4.94E–06 4.81E–06 4.94E–06 4.94E–06 4.81E–06 5.00E–06 5.04E–06 4.92E–06 4.94E–06 4.94E–06 4.94E–06 5.00E–06
In-115 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07
Mo-93 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06
Nb-93m 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06
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Radio-
nuclides

Amphibian Bird Bird egg Detritivorous 
invertebrate

European 
otter

Flying 
insects

Gastropod Grasses & 
Herbs

Lichen & 
bryophytes

Mammal 
(Deer)

Mammal 
(Rat)

Reptile Ruddy 
turnstone

Shrub Soil  
Invertebrate 
(worm)

Tree

Nb-94 0 0 0 0 1.25E–07 0 0 0 0 0 0 0 1.25E–07 0 0 0
Ni-59 2.61E–06 2.64E–06 2.61E–06 2.66E–06 2.63E–06 2.63E–06 2.62E–06 2.62E–06 2.62E–06 2.60E–06 2.64E–06 2.64E–06 2.63E–06 2.62E–06 2.62E–06 2.60E–06
Ni-63 1.19E–06 1.19E–06 1.19E–06 1.19E–06 1.21E–06 9.90E–07 1.19E–06 1.19E–06 1.19E–06 1.19E–06 1.19E–06 1.19E–06 1.21E–06 1.19E–06 1.19E–06 1.19E–06
Np-237 0 0 0 0 5.49E–06 0 0 0 0 0 0 0 5.49E–06 0 0 0
Pa-231 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06
Pb-210 4.80E–06 5.00E–06 4.80E–06 3.80E–06 4.23E–06 4.20E–06 4.40E–06 4.40E–06 3.40E–06 5.00E–06 4.80E–06 4.80E–06 4.23E–06 4.40E–06 4.60E–06 5.00E–06
Pd-107 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06
Pm-147 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07
Po-210 0 0 0 0 3.66E–13 0 0 0 0 0 0 0 3.66E–13 0 0 0
Pu-238 0 0 0 0 8.70E–07 0 0 0 0 0 0 0 8.70E–07 0 0 0
Pu-239 0 0 0 0 1.18E–06 0 0 0 0 0 0 0 1.18E–06 0 0 0
Pu-240 0 0 0 0 8.28E–07 0 0 0 0 0 0 0 8.28E–07 0 0 0
Pu-241 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.19E–06 1.98E–06 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.19E–06 2.20E–06 2.20E–06 2.20E–06
Pu-242 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07
Ra-226 0 0 0 0 1.63E–06 0 0 0 0 0 0 0 1.63E–06 0 0 0
Ra-228 9.00E–06 1.08E–05 9.00E–06 8.80E–06 9.14E–06 9.60E–06 1.04E–05 7.80E–06 1.00E–05 6.10E–06 9.90E–06 9.60E–06 9.14E–06 7.80E–06 8.10E–06 1.14E–05
Ru-106 0 0 0 2.60E–06 1.76E–06 0 0 0 2.00E–06 0 0 0 1.76E–06 0 0 0
Sb-125 2.80E–06 2.94E–06 2.92E–06 2.80E–06 2.93E–06 2.95E–06 3.05E–06 3.05E–06 2.70E–06 2.20E–06 3.32E–06 3.20E–06 2.93E–06 3.05E–06 3.10E–06 2.10E–06
Se-79 3.20E–07 3.20E–07 3.20E–07 3.20E–07 3.19E–07 3.20E–07 3.20E–07 3.20E–07 3.20E–07 3.20E–07 3.20E–07 3.20E–07 3.19E–07 3.20E–07 3.20E–07 3.20E–07
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06
Sn-126 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06
Sr-90 0 0 0 0 1.12E–07 0 0 0 0 0 0 0 1.12E–07 0 0 0
Tc-99 0 0 0 0 1.95E–07 0 0 0 0 0 0 0 1.95E–07 0 0 0
Th-228 0 0 0 0 3.73E–06 0 0 0 0 0 0 0 3.73E–06 0 0 0
Th-229 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06
Th-230 0 0 0 0 6.49E–07 0 0 0 0 0 0 0 6.49E–07 0 0 0
Th-232 0 0 0 0 6.44E–07 0 0 0 0 0 0 0 6.44E–07 0 0 0
U-232 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07
U-233 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07
U-234 0 0 0 0 8.07E–07 0 0 0 0 0 0 0 8.07E–07 0 0 0
U-235 0 0 0 0 1.23E–05 0 0 0 0 0 0 0 1.23E–05 0 0 0
U-236 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07
U-238 0 0 0 0 6.68E–07 0 0 0 0 0 0 0 6.68E–07 0 0 0
Zr-93 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07
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E-15. DCC_int_low_beta for limnic organisms ((µGy h–1)/(Bq kgfw–1)). 

Radionuclides Amphibian Benthic  
fish

Bird Bivalve 
mollusc

Crustacean Gastropod Insect 
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phyto-
plankton

Vascular 
plant

Zooplankton

Ac-227 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.45E–06 4.33E–06 4.45E–06 4.33E–06 4.45E–06 4.45E–06
Ag-108m 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.81E–06 1.79E–06 1.81E–06 1.79E–06 1.81E–06 1.81E–06
Am-241 0 0 0 0 0 0 0 0 5.61E–06 0 0 0 0
Am-242m 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.26E–06 5.15E–06 5.26E–06 5.15E–06 5.26E–06 5.26E–06
Am-243 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.72E–06 9.51E–06 9.72E–06 9.51E–06 9.72E–06 9.72E–06
Ba-133 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.42E–06 4.37E–06 4.42E–06 4.37E–06 4.42E–06 4.42E–06
Be-10 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.33E–08 2.26E–08 2.33E–08 2.26E–08 2.33E–08 2.33E–08
C-14-ind 2.80E–07 2.90E–07 2.90E–07 2.80E–07 2.80E–07 2.80E–07 2.80E–07 2.90E–07 3.62E–07 2.90E–07 5.40E–13 2.70E–07 2.70E–07
C-14-inorg 2.80E–07 2.90E–07 2.90E–07 2.80E–07 2.80E–07 2.80E–07 2.80E–07 2.90E–07 3.62E–07 2.90E–07 5.40E–13 2.70E–07 2.70E–07
C-14-org 2.80E–07 2.90E–07 2.90E–07 2.80E–07 2.80E–07 2.80E–07 2.80E–07 2.90E–07 3.62E–07 2.90E–07 5.40E–13 2.70E–07 2.70E–07
Ca-41 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.35E–06 1.33E–06 1.35E–06 1.33E–06 1.35E–06 1.35E–06
Cd-113m 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.09E–07 1.06E–07 1.09E–07 1.06E–07 1.09E–07 1.09E–07
Cl-36 0 0 0 0 0 0 0 0 6.74E–08 0 0 0 0
Cm-242 0 0 0 0 0 0 0 0 8.03E–07 0 0 0 0
Cm-243 0 0 0 0 0 0 0 0 7.78E–06 0 0 0 0
Cm-244 0 0 0 0 0 0 0 0 7.47E–07 0 0 0 0
Cm-245 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.93E–06 4.83E–06 4.93E–06 4.83E–06 4.93E–06 4.93E–06
Cm-246 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.77E–07 6.63E–07 6.77E–07 6.63E–07 6.77E–07 6.77E–07
Co-60 0 0 0 0 0 0 0 0 2.20E–07 0 8.90E–13 0 0
Cs-134 0 0 0 0 7.10E–07 0 0 0 3.49E–07 0 9.40E–13 7.00E–07 5.70E–07
Cs-135 3.90E–07 3.90E–07 3.90E–07 3.90E–07 3.70E–07 3.90E–07 3.70E–07 3.90E–07 2.96E–07 3.90E–07 6.90E–13 3.60E–07 3.60E–07
Cs-137 0 0 0 0 0 0 0 0 3.64E–07 0 1.20E–12 0 0
Eu-152 3.68E–06 3.00E–06 3.20E–06 3.00E–06 3.50E–06 3.08E–06 3.57E–06 4.00E–06 3.36E–06 3.00E–06 6.75E–12 3.64E–06 3.44E–06
Eu-154 1.90E–06 2.60E–06 2.60E–06 2.00E–06 2.20E–06 1.70E–06 2.20E–06 3.10E–06 1.80E–06 2.50E–06 3.00E–12 2.40E–06 1.80E–06
Eu-155 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.72E–06 2.65E–06 2.72E–06 2.65E–06 2.71E–06 2.72E–06
Fe-55 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.43E–06 2.38E–06 2.43E–06 2.38E–06 2.42E–06 2.43E–06
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.48E–06 2.41E–06 2.48E–06 5.03E–12 2.48E–06 2.48E–06
Ho-166m 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.42E–06 5.30E–06 5.42E–06 5.30E–06 5.41E–06 5.42E–06
I-129 5.07E–06 4.84E–06 4.84E–06 4.80E–06 5.04E–06 4.94E–06 5.04E–06 5.06E–06 4.86E–06 4.73E–06 9.94E–12 5.04E–06 5.04E–06
In-115 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.39E–07 1.35E–07 1.39E–07 1.35E–07 1.39E–07 1.39E–07
Mo-93 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.41E–06 1.40E–06 1.41E–06 1.40E–06 1.41E–06 1.41E–06
Nb-93m 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.16E–06 1.15E–06 1.16E–06 1.15E–06 1.16E–06 1.16E–06
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Radionuclides Amphibian Benthic  
fish

Bird Bivalve 
mollusc

Crustacean Gastropod Insect 
larvae

Mammal Microphyto-
benthos

Pelagic  
fish

Phyto-
plankton

Vascular 
plant

Zooplankton

Nb-94 0 0 0 0 0 0 0 0 1.22E–07 0 0 0 0
Ni-59 2.61E–06 2.64E–06 2.64E–06 2.57E–06 2.61E–06 2.58E–06 2.61E–06 2.64E–06 2.57E–06 2.64E–06 5.40E–12 2.65E–06 2.67E–06
Ni-63 1.19E–06 1.19E–06 1.19E–06 1.19E–06 1.18E–06 1.19E–06 1.18E–06 1.19E–06 1.17E–06 1.19E–06 2.40E–12 1.18E–06 1.18E–06
Np-237 0 0 0 0 0 0 0 0 5.37E–06 0 0 0 0
Pa-231 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.58E–06 7.43E–06 7.58E–06 7.43E–06 7.58E–06 7.58E–06
Pb-210 4.80E–06 5.00E–06 5.00E–06 4.80E–06 4.20E–06 4.60E–06 4.20E–06 5.00E–06 4.14E–06 5.00E–06 9.60E–12 4.50E–06 4.00E–06
Pd-107 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.79E–06 1.74E–06 1.79E–06 1.74E–06 1.79E–06 1.79E–06
Pm-147 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.74E–07 3.63E–07 3.74E–07 3.63E–07 3.74E–07 3.74E–07
Po-210 0 0 0 0 0 0 0 0 3.59E–13 0 0 0 0
Pu-238 0 0 0 0 0 0 0 0 8.54E–07 0 0 0 0
Pu-239 0 0 0 0 0 0 0 0 1.15E–06 0 0 0 0
Pu-240 0 0 0 0 0 0 0 0 8.12E–07 0 0 0 0
Pu-241 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.20E–06 2.14E–06 2.20E–06 4.47E–12 2.20E–06 2.20E–06
Pu-242 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.87E–07 6.74E–07 6.87E–07 6.74E–07 6.87E–07 6.87E–07
Ra-226 0 0 0 0 0 0 0 0 1.60E–06 0 0 0 0
Ra-228 9.00E–06 1.05E–05 1.08E–05 9.30E–06 9.60E–06 8.10E–06 9.60E–06 8.00E–06 8.96E–06 1.05E–05 1.89E–11 9.00E–06 8.40E–06
Ru-106 0 0 0 0 2.20E–06 0 1.20E–06 0 1.71E–06 0 3.80E–12 2.30E–06 1.44E–06
Sb-125 2.80E–06 2.88E–06 2.94E–06 2.92E–06 3.00E–06 3.15E–06 3.06E–06 3.60E–06 2.88E–06 2.79E–06 5.88E–12 2.94E–06 2.76E–06
Se-79 3.20E–07 3.20E–07 3.20E–07 3.20E–07 3.10E–07 3.20E–07 3.10E–07 3.20E–07 3.10E–07 3.20E–07 6.00E–13 3.10E–07 3.00E–07
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.11E–06 1.08E–06 1.11E–06 1.08E–06 1.11E–06 1.11E–06
Sn-126 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.70E–06 3.66E–06 3.70E–06 3.66E–06 3.70E–06 3.70E–06
Sr-90 0 0 0 0 0 0 0 0 1.09E–07 0 0 0 0
Tc-99 0 0 0 0 0 0 0 0 1.90E–07 0 0 0 0
Th-228 0 0 0 0 0 0 0 0 3.65E–06 0 0 0 0
Th-229 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.75E–06 9.54E–06 9.75E–06 9.54E–06 9.75E–06 9.75E–06
Th-230 0 0 0 0 0 0 0 0 6.37E–07 0 0 0 0
Th-232 0 0 0 0 0 0 0 0 6.33E–07 0 0 0 0
U-232 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.65E–07 9.48E–07 9.65E–07 9.48E–07 9.65E–07 9.65E–07
U-233 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.93E–07 5.81E–07 5.93E–07 5.81E–07 5.93E–07 5.93E–07
U-234 0 0 0 0 0 0 0 0 7.93E–07 0 0 0 0
U-235 0 0 0 0 0 0 0 0 1.20E–05 0 0 0 0
U-236 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.59E–07 7.45E–07 7.59E–07 7.45E–07 7.59E–07 7.59E–07
U-238 0 0 0 0 0 0 0 0 6.56E–07 0 0 0 0
Zr-93 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.76E–07 9.47E–07 9.76E–07 9.47E–07 9.75E–07 9.76E–07
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Tabel E-16. DCC_int_low_beta for marine organisms ((µGy h–1)/(Bq kgfw–1)). 

Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto-
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Ac-227 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06 4.45E-06
Ag-108m 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06 1.81E-06
Am-241 0 0 0 0 5.73E-06 0 0 0 0 0 5.73E-06 0 0
Am-242m 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06 5.26E-06
Am-243 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06 9.72E-06
Ba-133 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06 4.42E-06
Be-10 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08 2.33E-08
C-14-ind 2.90E-07 2.90E-07 2.80E-07 2.90E-07 3.73E-07 2.80E-07 2.90E-07 2.90E-07 1.80E-11 2.80E-07 3.73E-07 2.80E-07 2.80E-07
C-14-inorg 2.90E-07 2.90E-07 2.80E-07 2.90E-07 3.73E-07 2.80E-07 2.90E-07 2.90E-07 1.80E-11 2.80E-07 3.73E-07 2.80E-07 2.80E-07
C-14-org 2.90E-07 2.90E-07 2.80E-07 2.90E-07 3.73E-07 2.80E-07 2.90E-07 2.90E-07 1.80E-11 2.80E-07 3.73E-07 2.80E-07 2.80E-07
Ca-41 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06
Cd-113m 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07 1.09E-07
Cl-36 0 0 0 0 6.91E-08 0 0 0 0 0 6.91E-08 0 0
Cm-242 0 0 0 0 8.19E-07 0 0 0 0 0 8.19E-07 0 0
Cm-243 0 0 0 0 7.95E-06 0 0 0 0 0 7.95E-06 0 0
Cm-244 0 0 0 0 7.62E-07 0 0 0 0 0 7.62E-07 0 0
Cm-245 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06 4.93E-06
Cm-246 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07 6.77E-07
Co-60 0 0 0 0 2.26E-07 0 0 0 0 0 2.26E-07 0 0
Cs-134 0 0 0 0 3.59E-07 0 0 0 3.30E-11 0 3.59E-07 0 0
Cs-135 3.90E-07 3.90E-07 3.90E-07 3.90E-07 3.05E-07 3.80E-07 3.90E-07 3.90E-07 2.30E-11 3.90E-07 3.05E-07 3.90E-07 3.80E-07
Cs-137 0 0 0 0 3.71E-07 0 0 0 4.30E-11 0 3.71E-07 0 0
Eu-152 3.20E-06 3.60E-06 3.48E-06 2.80E-06 3.42E-06 3.40E-06 4.20E-06 3.90E-06 2.25E-10 3.20E-06 3.42E-06 3.60E-06 3.54E-06
Eu-154 2.60E-06 2.20E-06 1.80E-06 2.50E-06 1.83E-06 1.50E-06 0 2.40E-06 1.06E-10 1.70E-06 1.83E-06 1.90E-06 1.30E-06
Eu-155 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06 2.72E-06
Fe-55 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06 2.43E-06
Gd-152 0 0 0 0 0 0 0 0 0 0 0 0 0
H-3 2.48E-06 2.48E-06 2.48E-06 2.48E-06 2.47E-06 2.48E-06 2.48E-06 2.48E-06 1.58E-10 2.48E-06 2.47E-06 2.48E-06 2.48E-06
Ho-166m 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06 5.42E-06
I-129 4.84E-06 5.04E-06 5.07E-06 4.73E-06 4.94E-06 4.94E-06 4.90E-06 5.04E-06 3.22E-10 4.94E-06 4.94E-06 5.07E-06 4.81E-06
In-115 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07 1.39E-07
Mo-93 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06 1.41E-06
Nb-93m 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06 1.16E-06
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Radionuclides (Wading) 
bird

Benthic  
fish

Benthic 
mollusc

Crustacean European 
otter

Macroalgae Mammal Pelagic  
fish

Phyto-
plankton

Polychaete 
worm

Ruddy 
turnstone

Vascular 
plant

Zooplankton

Nb-94 0 0 0 0 1.25E-07 0 0 0 0 0 1.25E-07 0 0
Ni-59 2.64E-06 2.64E-06 2.61E-06 2.64E-06 2.63E-06 2.59E-06 2.60E-06 2.64E-06 1.72E-10 2.65E-06 2.63E-06 2.61E-06 2.63E-06
Ni-63 1.19E-06 1.19E-06 1.19E-06 1.19E-06 1.21E-06 1.19E-06 1.19E-06 1.19E-06 7.68E-11 1.19E-06 1.21E-06 1.19E-06 1.19E-06
Np-237 0 0 0 0 5.49E-06 0 0 0 0 0 5.49E-06 0 0
Pa-231 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06 7.58E-06
Pb-210 5.00E-06 4.80E-06 4.80E-06 4.80E-06 4.23E-06 4.00E-06 5.00E-06 4.80E-06 2.75E-10 4.60E-06 4.23E-06 4.80E-06 3.60E-06
Pd-107 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06 1.79E-06
Pm-147 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07 3.74E-07
Po-210 0 0 0 0 3.66E-13 0 0 0 0 0 3.66E-13 0 0
Pu-238 0 0 0 0 8.70E-07 0 0 0 0 0 8.70E-07 0 0
Pu-239 0 0 0 0 1.18E-06 0 0 0 0 0 1.18E-06 0 0
Pu-240 0 0 0 0 8.28E-07 0 0 0 0 0 8.28E-07 0 0
Pu-241 2.20E-06 2.20E-06 2.20E-06 2.20E-06 2.19E-06 2.20E-06 2.20E-06 2.20E-06 1.42E-10 2.20E-06 2.19E-06 2.20E-06 2.20E-06
Pu-242 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07 6.87E-07
Ra-226 0 0 0 0 1.63E-06 0 0 0 0 0 1.63E-06 0 0
Ra-228 1.08E-05 9.90E-06 8.70E-06 1.05E-05 9.14E-06 9.60E-06 1.16E-05 1.02E-05 5.76E-10 8.10E-06 9.14E-06 8.70E-06 1.00E-05
Ru-106 0 0 0 0 1.76E-06 0 0 0 1.08E-10 0 1.76E-06 0 2.00E-06
Sb-125 2.94E-06 3.32E-06 2.68E-06 2.76E-06 2.93E-06 2.90E-06 2.00E-06 2.61E-06 1.96E-10 3.20E-06 2.93E-06 2.72E-06 2.75E-06
Se-79 3.20E-07 3.20E-07 3.20E-07 3.20E-07 3.19E-07 3.20E-07 3.20E-07 3.20E-07 2.00E-11 3.20E-07 3.19E-07 3.20E-07 3.20E-07
Sm-147 0 0 0 0 0 0 0 0 0 0 0 0 0
Sm-151 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06 1.11E-06
Sn-126 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06 3.70E-06
Sr-90 0 0 0 0 1.12E-07 0 0 0 0 0 1.12E-07 0 0
Tc-99 0 0 0 0 1.95E-07 0 0 0 0 0 1.95E-07 0 0
Th-228 0 0 0 0 3.73E-06 0 0 0 0 0 3.73E-06 0 0
Th-229 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06 9.75E-06
Th-230 0 0 0 0 6.49E-07 0 0 0 0 0 6.49E-07 0 0
Th-232 0 0 0 0 6.44E-07 0 0 0 0 0 6.44E-07 0 0
U-232 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07 9.65E-07
U-233 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07 5.93E-07
U-234 0 0 0 0 8.07E-07 0 0 0 0 0 8.07E-07 0 0
U-235 0 0 0 0 1.23E-05 0 0 0 0 0 1.23E-05 0 0
U-236 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07 7.59E-07
U-238 0 0 0 0 6.68E-07 0 0 0 0 0 6.68E-07 0 0
Zr-93 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07 9.76E-07
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Appendix F

Probabilistic parameters
In Table F-1 the parameters that were varied probabilistic are listed (in total 141 parameters). In 
addition to these parameters, the element-specific Kd, CR and TC values were varied probabilistic 
(in total 2139 parameters). For each parameter 1000 values were drawn out of the PDF using Latin 
Hypercube stratified sampling.

For the early periglacial climate calculation case the parameters biom_pp_ter_perm, conc_C_atmos, 
NPP_ter piston_vel_ter, solubilityCoef_ter och minRate_regoUp_ter were varied in addition to these 
listed in Table F-1. 

Table F-1. In this table the parameters that were varied in the probailistic simulations are listed. 

Parameter name Parameter name Parameter name Parameter name

biom_pp_ter f_rootUptake prod_edib_fish_sea washoffCoef
conc_C_atmos height_CA_cereal prod_edib_game z_regoUp
conc_C_meat height_CA_fodder prod_edib_mush Inland-outfield

conc_C_milk height_CA_ter solubilityCoef_lake biom_cereal
conc_Cl_PP_ter height_CA_tuber solubilityCoef_sea conc_DIC_regoUp
conc_Cl_regoUp_ter_D ingRate_water_cattle solubilityCoef_ter conc_Dust
conc_DIC_lake LAI_cereal vel_wind_height_ref_aqu D_CO2_soil
conc_DIC_regoUp_ter LAI_fodder vel_wind_height_ref_ter dens_regoUp
conc_DIC_sea LAI_ter z_min_prod_edib_fish_sea minRate
conc_Dust_ter LAI_tuber z_regoUp_lake NPP_cereal
conc_PM_lake leaf_width_cereal z_regoUp_sea percolation_agri
conc_PM_sea leaf_width_fodder z_regoUp_ter poro_regoUp
dens_regoGL leaf_width_ter z0_aqu S_w_regoUp
dens_regoLow leaf_width_tuber Garden plot z_regoUp
dens_regoPeat minRate_regoPG_lake amount_irrig Drained mire

dens_regoPG minRate_regoPG_sea area_support_wood biom_cereal
dens_regoUp_lake minRate_regoPG_ter biom_tuber biom_fodder
dens_regoUp_sea minRate_regoUp_lake biom_veg biom_tuber
dens_regoUp_ter minRate_regoUp_sea conc_DIC_regoUp compact_gyttja
df_decomp_aqu[Cl] minRate_regoUp_ter conc_Dust compact_peat
df_decomp_ter[Cl] minRate_water_PM_lake D_CO2_soil conc_DIC_regoUp
f_C_fish minRate_water_PM_sea dens_regoUp conc_Dust
f_C_peat NPP_ter f_combust[C] D_CO2_soil_clay
f_DW_FW_fish_lake piston_vel_lake height_CA_veg D_CO2_soil_peat
f_DW_FW_fish_sea piston_vel_sea LAI_veg dens_regoUp_clay
f_H2CO3_lake piston_vel_ter leaf_width_veg dens_regoUp_peat
f_H2CO3_sea poro_regoGL LeafStoreCapacy_veg Flux_water_satSoil_agri
f_H2CO3_ter poro_regoLow minRate minRate
f_mush_herbiv poro_regoPeat N_irrig NPP_cereal
f_refrac_macro_lake poro_regoPG NPP_ag_veg NPP_fodder
f_refrac_macro_sea poro_regoUp_lake NPP_tuber NPP_tuber
f_refrac_micro_lake poro_regoUp_sea NPP_veg percolation_agri
f_refrac_micro_sea poro_regoUp_ter percolation_agri poro_regoUp_clay
f_refrac_plank_lake prod_edib_berry poro_regoUp poro_regoUp_peat
f_refrac_plank_sea prod_edib_cray_lake S_w_regoUp S_w_regoUp_clay
f_refrac_ter prod_edib_fish_lake time_vegPeriod S_w_regoUp_peat
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