
POSIVA OY

Olki luoto

FIN-27160 EURAJOKI,  F INLAND

Phone (02) 8372 31 (nat. ) ,  (+358-2-)  8372 31 ( int. ) 

Fax (02) 8372 3809 (nat. ) ,  (+358-2-)  8372 3809 ( int. )

POSIVA 2012-10

Safety Case for the Disposal of  
Spent Nuclear Fuel at Olkiluoto  

- Biosphere Assessment 2012

September 2013

Posiva Oy



POSIVA 2012-10

September 2013

POSIVA OY

Olki luoto

FI-27160 EURAJOKI,  F INLAND

Phone (02) 8372 31 (nat. ) ,  (+358-2-)  8372 31 ( int. ) 

Fax (02) 8372 3809 (nat. ) ,  (+358-2-)  8372 3809 ( int. )

Posiva Oy

Safety Case for the Disposal of  
Spent Nuclear Fuel at Olkiluoto  

- Biosphere Assessment 2012

Base maps: ©National  Land Survey, permission 41/MML/12



ISBN 978-951-652-191 -9
ISSN 1239-3096



Tekijä(t) – Author(s)  
 

Posiva Oy 
 

Toimeksiantaja(t) – Commissioned by 
 

Posiva Oy 
 
 

Nimeke – Title 
 

SAFETY CASE FOR THE DISPOSAL OF SPENT NUCLEAR FUEL AT OLKILUOTO  
- BIOSPHERE ASSESSMENT BSA-2012 
Tiivistelmä – Abstract 
 
Biosphere Assessment sits within Posiva Oy’s safety case “TURVA-2012” report portfolio and 
has the objectives of presenting the assessment methodology, a summary of the surface 
environment at the Olkiluoto site and an assessment of the surface environment scenarios that 
have been identified in Formulation of Radionuclide Release Scenarios. 
A base scenario, variant scenarios and disturbance scenarios are considered. For the base scenario, 
a Reference Case has been identified and analysed. For the other scenarios, a range of biosphere 
calculation cases has been identified and analysed. All calculation cases, except cases addressing 
inadvertent human intrusion, are based on repository calculation cases, assessed in Assessment of 
Radionuclide Release Scenarios, in which failure of a single spent fuel canister gives radionuclide 
releases to the biosphere within the dose assessment time window of ten millennia. The biosphere 
calculation cases take into account uncertainties in the development of the terrain and the 
ecosystems, land use, location of the releases to the surface environment, radionuclide transport 
properties and dietary profiles. 
The resulting annual doses to humans for all calculation cases for the base and variant scenarios 
are below the radiation dose constraints for most exposed people and other people, as set out by 
the Finnish regulator, generally by more than two orders of magnitude. The resulting absorbed 
doses rates to plants and animals for all calculation cases imply that any radiological impacts of 
these releases will be negligible. 

Avainsanat - Keywords 
 

Safety case, safety assessment, biosphere assessment, spent nuclear fuel repository, Olkiluoto, 
TURVA-2012, BSA-2012 
ISBN 
          ISBN 978-951-652-191-9 

ISSN 
          ISSN 1239-3096 

Sivumäärä – Number of pages 
                        251 

Kieli – Language 
                    English 

 
 

Posiva-raportti – Posiva Report 
Posiva Oy 
Olkiluoto 
FI-27160 EURAJOKI, FINLAND 
Puh. 02-8372 (31) – Int. Tel. +358 2 8372 (31) 

Raportin tunnus – Report code 
 

POSIVA 2012-10 
 
Julkaisuaika – Date 
 

September 2013 



 



Tekijä(t) – Author(s)  
 

Posiva Oy 
Toimeksiantaja(t) – Commissioned by 
 

Posiva Oy 
 

Nimeke – Title 
 

TURVALLISUUSPERUSTELU KÄYTETYN YDINPOLTTOAINEEN LOPPUSIJOITUK-
SELLE OLKILUODOSSA - BIOSFÄÄRIARVIOINTI BSA-2012 
 Tiivistelmä – Abstract 
 
Tämä raportti on osa Posiva Oy:n turvallisuusperustelun “TURVA-2012” raportointi-
kokonaisuutta. Raportin tarkoituksena on esittää tämän turvallisuusperustelun biosfääri-
arvioinnissa käytetyt menetelmät, yhteenveto Olkiluodon loppusijoituspaikan pintaympäristöstä 
sekä Formulation of Radionuclide Release Scenarios-raportissa esitettyjen pintaympäristön 
laskentatapausten käsittely ja tulokset. 
 
Biosfääriarvioinnissa on tarkasteltu perus-, muunnelma- ja häiriöskenaarioita. Perusskenaariossa 
on tunnistettu ja analysoitu referenssitapaus. Muissa skenaarioissa tarkasteltavana ja 
analysoitavana on ollut suurempi joukko laskentatapauksia. Tahatonta ihmisten tunkeutumista 
käsitteleviä lukuun ottamatta nämä laskentatapaukset perustuvat loppusijoitusjärjestelmän 
maanalaisia osia koskeviin laskentatapauksiin (Assessment of Radionuclide Release Scenarios), 
joissa yksittäisen loppusijoituskapselin vika aiheuttaa radionuklidipäästön pintaympäristöön 
annosarvioinnissa käytetyn 10 000 vuoden ajanjakson aikana. Biosfääriarvioinnin laskenta-
tapauksissa on otettu huomioon maaston ja ekosysteemien kehittymiseen, maankäyttöön, 
pintaympäristöön saapuvien päästöjen sijaintiin, radionuklidien kulkeutumisominaisuuksiin ja 
ravintotottumuksiin liittyvät epävarmuudet. 
 
Kaikissa perus- ja muunnelmaskenaarioiden laskentatapauksissa eniten altistuville ja muille 
ihmisille aiheutuviksi arvioidut vuosiannokset jäävät alle viranomaisrajojen, yleisesti ottaen 
enemmän kuin kahden kertaluokan verran. Vastaavasti kasveille ja eläimille aiheutuviksi 
arvioitujen tyypillisten säteilyannosten perusteella eliöpopulaatioille ei aiheudu merkittävää 
haittaa missään laskentatapauksessa. 

Avainsanat - Keywords 
 

Turvallisuusperustelu, turvallisuusanalyysi, biosfääriarviointi, käytetyn ydinpolttoaineen 
loppusijoitus, Olkiluoto, TURVA-2012, BSA-2012 
ISBN 
          ISBN 978-951-652-191-9 

ISSN 
          ISSN 1239-3096 

Sivumäärä – Number of pages 
                             251 

Kieli – Language 
                    Englanti 

 

 
 

Posiva-raportti – Posiva Report 
Posiva Oy 
Olkiluoto 
FI-27160 EURAJOKI, FINLAND 
Puh. 02-8372 (31) – Int. Tel. +358 2 8372 (31) 

Raportin tunnus – Report code 
 

POSIVA 2012-10 
 
Julkaisuaika – Date 
 

Syyskuu 2013 



 



1 
 

TABLE OF CONTENTS 

ABSTRACT 

TIIVISTELMÄ 

TABLE OF CONTENTS .................................................................................................. 1 

PREFACE ....................................................................................................................... 5 

TERMS AND ABBREVIATIONS ..................................................................................... 7 

1  INTRODUCTION ................................................................................................... 9 
1.1  Background .................................................................................................. 9 
1.2  The KBS-3 method ....................................................................................... 9 
1.3  Posiva´s programme for developing a KBS-3 repository at Olkiluoto ........ 10 
1.4  Regulatory context for the management of spent nuclear fuel ................... 12 

1.4.1 Requirements specific to the biosphere assessment ........................ 13 
1.5  Safety concept and safety functions .......................................................... 15 
1.6  TURVA-2012 safety case portfolio ............................................................. 17 

1.6.1 Biosphere assessment portfolio ........................................................ 21 
1.7  Quality assurance ...................................................................................... 22 
1.8  Scope and structure of the present report .................................................. 24 

1.8.1  International recommendations on safety requirements ................... 24 
1.8.2 Regulatory feedback from previous Posiva assessments ................ 27 
1.8.3  International developments in Biosphere Assessment ..................... 28 
1.8.4 Scope and objectives of the biosphere assessment BSA-2012 ....... 32 
1.8.5 Report structure ................................................................................ 33 

2  BIOSPHERE ASSESSMENT METHODOLOGY ................................................. 35 
2.1  Basic principles and concepts .................................................................... 35 

2.1.1 Dose concepts .................................................................................. 37 
2.1.2 Dynamic site concept ........................................................................ 39 

2.2  Overall approach to biosphere assessment ............................................... 40 
2.2.1 The biosphere assessment process ................................................. 40 
2.2.2 Main models and information flow .................................................... 42 
2.2.3 Biosphere related complementary considerations ............................ 44 

2.3  Biosphere description ................................................................................. 45 
2.4  Formulation of scenarios and identification of cases ................................. 45 

2.4.1 Constraints and concepts ................................................................. 45 
2.4.2 Methodology for scenario formulation ............................................... 47 
2.4.3  Identifying calculation cases ............................................................. 48 

2.5  Screening analysis ..................................................................................... 50 
2.6  Surface environment development ............................................................ 51 
2.7  Landscape modelling ................................................................................. 52 
2.8  Radiological impact analysis ...................................................................... 53 

2.8.1 Annual doses to humans .................................................................. 53 
2.8.2 Absorbed dose rates to plants and animals ...................................... 57 

3  SURFACE ENVIRONMENT AT THE OLKILUOTO SITE ................................... 61 
3.1  Regional setting and the Olkiluoto site ....................................................... 61 
3.2  Present conditions ...................................................................................... 65 

3.2.1 Natural conditions and ongoing processes ....................................... 66 
3.2.2 Land use and human habits .............................................................. 69 
3.2.3  Identification of biotopes within ecosystem types ............................. 73 



2 
 

3.2.4 Description of ecosystem types and biotopes at present .................. 74 
3.2.5 Representative species ..................................................................... 79 
3.2.6 Surface environment-geosphere interactions ................................... 81 

4  SCENARIOS AND CALCULATION CASES ....................................................... 83 
4.1  Climate evolution during the first millennia ................................................. 83 
4.2  Surface environment scenarios .................................................................. 85 

4.2.1 The base scenario ............................................................................ 85 
4.2.2 Variant scenarios .............................................................................. 86 
4.2.3 Disturbance scenarios ...................................................................... 89 

4.3  Calculation cases ....................................................................................... 91 
4.3.1 Calculation cases in the terrain and ecosystems development 

modelling........................................................................................... 92 
4.3.2 Calculation cases within the base scenario ...................................... 94 
4.3.3 Calculation cases within variant scenarios ....................................... 94 
4.3.4 Calculation cases within disturbance scenarios ................................ 96 
4.3.5 Link between repository and biosphere calculation cases ................ 97 

5  REFERENCE CASE SPECIFICATIONS ............................................................. 99 
5.1  Discharge locations to the surface environment ........................................ 99 
5.2  Terrain and Ecosystems Development .................................................... 100 
5.3  Surface Hydrological modelling ................................................................ 109 
5.4  Screening analysis ................................................................................... 110 
5.5  Landscape modelling ............................................................................... 112 

5.5.1 Generic structure of biosphere objects ........................................... 112 
5.5.2 The Reference Case landscape model ........................................... 114 

5.6  Radiological impact analysis .................................................................... 119 
5.6.1 Assessing annual doses to humans ............................................... 119 
5.6.2 Assessing typical absorbed dose rates to plants and animals ........ 121 

6  MAIN FINDINGS ............................................................................................... 125 
6.1  Screening analysis ................................................................................... 125 
6.2  Analysis of the Reference Case ............................................................... 126 

6.2.1 Surface environment development ................................................. 126 
6.2.2 Landscape modelling ...................................................................... 130 
6.2.3 Radiological impact analysis ........................................................... 134 

6.3  Analysis of the variant scenarios and repository sensitivity cases ........... 142 
6.3.1 Repository sensitivity cases in the base scenario ........................... 142 
6.3.2 VS(A) – Discharge locations to the surface environment ............... 157 
6.3.3 VS(D) – Land use (well) .................................................................. 165 
6.3.4 VS(E) – Radionuclide transport ...................................................... 171 
6.3.5 VS(F) – Exposure characteristics ................................................... 176 
6.3.6 VS(G) – Combined scenario ........................................................... 181 

6.4  Analysis of the disturbance scenarios and repository what-if cases ........ 187 
6.4.1 Repository what-if case in the disturbance scenario AIC ................ 187 
6.4.2 DS(D) – Exposure characteristics ................................................... 188 
6.4.3 DS(F) – Inadvertent human intrusion .............................................. 190 
6.4.4 DS(G) – Deep wells ........................................................................ 196 

7  BIOSPHERE RELATED COMPLEMENTARY CONSIDERATIONS ................. 201 
7.1  Levels of radiation dose that arise in different circumstances .................. 201 

7.1.1  International Perspective ................................................................ 201 
7.1.2 Levels of radiation dose in Finland ................................................. 204 

7.2  Health risks associated with different levels of radiation dose ................. 205 
7.3  Radiation health risks compared with other human health risks .............. 206 



3 
 

7.4  Application of biosphere related complementary considerations ............. 208 

8  KNOWLEDGE QUALITY ASSESSMENT ......................................................... 211 
8.1  Knowledge quality in the understanding of the surface environment ....... 212 
8.2  Knowledge quality in the surface environment development projections . 212 
8.3  Knowledge quality in the radiation exposure estimates ........................... 217 

8.3.1 Landscape modelling ...................................................................... 217 
8.3.2 Radiological impact analysis ........................................................... 220 

9  OVERALL FINDINGS AND CONCLUSIONS .................................................... 225 
9.1  Radiological impact .................................................................................. 225 
9.2  Link to the assessment of radionuclide release scenarios for the repository 

system ...................................................................................................... 227 
9.3  Development and resolved issues since BSA-2009 ................................ 227 
9.4  Feedback to Posiva’s RTD programme ................................................... 228 
9.5  Conclusions .............................................................................................. 230 

REFERENCES ........................................................................................................... 233 
 

  



4 
 

  



5 
 

PREFACE 

This Biosphere Assessment BSA-2012 report has mainly been written by Thomas 
Hjerpe (Saanio & Riekkola Oy, later Facilia AB) together with experts from Posiva Oy 
and from various organisations commissioned by Posiva. The chapter on biosphere 
related complementary considerations has been written by Graham Smith (GMS 
Abingdon Ltd.). On behalf of Posiva, the project has been led by Ari Ikonen. The 
following experts were involved in the compilation of the report, with the main aspects 
to which they contributed also indicated: 

 Ari Ikonen (Posiva Oy), terrain and ecosystems development modelling, 
assessment methodology, overall conclusions; 

 Tuomo Karvonen (WaterHope), surface and near-surface hydrological modelling; 

 Karen Smith (Eden Nuclear and Environment Ltd., later RadEcol Consulting 
Ltd.), biota dose assessment; 

 Robert Broed (Facilia AB); landscape modelling; 

 Anne-Maj Lahdenperä (Saanio & Riekkola Oy), description of the surface 
environment at Olkiluoto based on the Biosphere Description report;  

 Nuria Marcos (Saanio & Riekkola Oy), development of scenarios and 
identification of calculation cases. 

In addition, we thank the following experts for their contributions: Lasse Aro (Finnish 
Forest Research Institute), forests, peatlands; Reija Haapanen (Haapanen Forest 
Consulting), forests, peatlands, regional context; Jani Helin (Posiva Oy), GIS analyses, 
layout of most of the maps, land use, monitoring data; Ville Kangasniemi (Pyhäjärvi 
Institute), aquatic systems; Tapio Salo (MTT Agrifood Research Finland), agriculture; 
Mikko Toivola (FM Meri & Erä Oy), terrestrial and avian fauna, waterfowl and aquatic 
mammals. Teija Kirkkala (Pyhäjärvi Institute), aquatic systems, Sari Koivunen 
(Lounais-Suomen vesi- ja ympäristötutkimus Oy), aquatic monitoring information, and 
Rodolfo Avila (Facilia AB), radionuclide transport models. 

Several other experts have reviewed and provided useful comments on parts or the 
whole of the report. The final drafts of the report were reviewed by Mike Thorne (Mike 
Thorne and Associates Limited), Peter Saetre (Swedish Nuclear Fuel and Waste 
Management Company, SKB), Ulla Bergström (SKB International), and Paul Degnan 
(Catalyst Geoscience). The authors wish to thank all who have contributed to reviewing 
and commenting on the report. 
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TERMS AND ABBREVIATIONS 

BIOPROTA BIOPROTA is an international collaborative forum designed to support resolution of 
key issues in biosphere aspects of assessments of the long-term impact of contaminant 
releases associated with radioactive waste management. 

BSA Biosphere assessment as an entirety either regarding the reporting of the assessment 
process or the process itself. Specifically, BSA-2012 refers to the biosphere 
assessment of 2012. 

BSD Biosphere description is the sub-process of analysing and integrating the site and 
regional data into the description of the present properties of, and transport processes 
at, the site. 

DCRL Derived Consideration Reference Level. 

ERICA Environmental Risk from Ionising Contaminants: Assessment and Management (EC 
6th Framework Programme) 

FEP Feature, Event, Process 

FIP Forest intensive(-level) monitoring plot, a part of the environmental monitoring 
network at Olkiluoto 

GIS Geographical information system 

HPA Health Protection Agency, UK 

IAEA International Atomic Energy Agency 

ICRP International Commission on Radiological Protection 

LNT Linear no-threshold hypothesis of radiation risk 

LSM Landscape modelling, see sections 2.2, 2.7 and 5.5 

PSAR Preliminary safety assessment report 

RIA Radiological impact analysis sub-process in the biosphere assessment, see sections 2.2, 
2.8 and 5.6 

QA  Quality assurance 

RTD Research, development and technical design 

RQ Risk quotient used in the screening evaluation, see sections 2.5 and 5.4 

SAFCA The safety case project 

SHYD Surface and Near-Surface Hydrological model, see sections 2.2, 2.6 and 5.3 

STUK Radiation and Nuclear Safety Authority 

SVAT Soil-Vegetation-Atmosphere-Transfer model, used for computing water and energy 
balances 

TESM Terrain and ecosystems development modelling as the sub-process, see sections 2.2, 
2.6 and 5.2 

TURVA Finnish, meaning ‘safety’ 

UNSCEAR United Nations Scientific Committee on the Effects of Atomic Radiation 

UNTAMO A GIS toolbox customised for Posiva for TESM, see sections 2.6 and 5.2 

YVL Radiation and Nuclear Safety Authority’s guides on nuclear safety 
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1 INTRODUCTION 

1.1 Background 

On assignment by its owners, Fortum Oyj and Teollisuuden Voima Oyj, Posiva Oy will 
manage the disposal of spent nuclear fuel from the Loviisa and Olkiluoto nuclear power 
plants. At Loviisa, two pressurised water reactors (VVER-440) are in operation; at 
Olkiluoto, two boiling water reactors are operating and one pressurised water reactor is 
under construction. Plans exist also for a fourth nuclear power unit at Olkiluoto. At both 
sites there are facilities available for intermediate storage of the spent nuclear fuel 
before disposal.  

In 2001, the Parliament of Finland endorsed a Decision-in-Principle (DiP) whereby the 
spent nuclear fuel generated during the operating life of the operating Loviisa and 
Olkiluoto reactors will be disposed in a geological repository at Olkiluoto. This first 
DiP allowed for the disposal of a maximum amount of spent nuclear fuel corresponding 
to 6500 tonnes of uranium (tU) initially loaded into the reactors. Subsequently, 
additional DiPs were issued in 2002 and 2010 allowing extension of the repository (up 
to 9000 tU) to also accommodate spent nuclear fuel from the operations of the OL3 
reactor and the planned OL4 reactor. OL4 spent nuclear fuel is handled in the 
TURVA-2012 safety case assuming it to be similar to OL3 spent nuclear fuel. 

1.2 The KBS-3 method 

The 2001 DiP states that disposal of spent nuclear fuel shall take place in a geological 
repository at the Olkiluoto site, developed according to the KBS-3 method. In the 
KBS-3 method, spent nuclear fuel encapsulated in water-tight and gas-tight sealed 
metallic canisters with a mechanical load-bearing insert is emplaced deep underground 
in a geological repository constructed in the bedrock. According to the DiP, the 
repository shall be located at minimum depth of 400 m. In Posiva’s current repository 
design, the repository is constructed on a single level and the floor of the deposition 
tunnels is at a depth of 400−450 m in the Olkiluoto bedrock. 

Posiva’s reference design in the construction license application is based on vertical 
emplacement of the spent nuclear fuel canisters (KBS-3V; Figure 1-1). Currently, an 
alternative horizontal emplacement design (KBS-3H) is being jointly developed by the 
Swedish Nuclear Fuel and Waste Management Company (SKB) and Posiva.  

The KBS-3V design is based on a multi-barrier principle in which copper-iron canisters 
containing spent nuclear fuel are emplaced vertically in individual deposition holes 
bored in the floors of the deposition tunnels (see inset in Figure 1-1). The canisters are 
to be surrounded by a swelling clay buffer material that separates them from the 
bedrock. The deposition tunnels and the central tunnels and the other underground 
openings are to be backfilled with materials of low permeability.  
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Figure 1-1. Schematic presentation of the KBS-3V design. 

1.3 Posiva´s programme for developing a KBS-3 repository at Olkiluoto  

The Olkiluoto site, located on the coast of south-western Finland (Figure 1-2), has been 
investigated for over 20 years. During the past few years, key activities in the 
programme have been related to:  

 completion of the investigations for site confirmation at Olkiluoto both through 
analyses of data from surface-drilled characterisation holes and surveys and 
studies carried out in the ONKALO underground research facility,  

 the design of required surface and disposal facilities,  

 the development of the selected disposal technology to the level required for the 
construction license application, and 

 demonstration of the long-term safety of the disposal of spent nuclear fuel 
including the preparation of a safety case (Section 1.6) presented as a portfolio 
of reports, including the present report. 

Posiva’s ongoing RTD (research, development and technical design) phase has been 
introduced in the TKS-2009 report (Posiva 2009) for the years 2010−2012, which also 
provides insight into developments from previous RTD phases. In 2012 a new RTD 
programme (YJH-2012) for 2013-2015 was published (Posiva 2012). In Figure 1-3, a 
general timeline of Posiva’s programme is presented. 

The repository will be located in the bedrock of Olkiluoto Island taking into account the 
host rock properties as well as the restrictions set by urban planning in the Eurajoki 
Municipality. In Figure 1-4 the current reference layout is presented. 
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Figure 1-2. Olkiluoto Island is situated on the coast of the Baltic Sea in south-western 
Finland. Photograph by Helifoto Oy. 

 

Figure 1-3. Overall schedule for nuclear waste management relating to the Loviisa and 
Olkiluoto reactors until 2020. The target is to begin disposal of spent nuclear fuel around 
2020.  
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Figure 1-4. The current reference layout (green). Dark grey areas are not suitable for 
deposition tunnels based on the Rock Suitability Classification (RSC) that has been 
developed by Posiva. Red ovals denote respect distances to drillholes. Red line 
surrounding the repository shows the area reserved for the repository in urban 
planning. 

1.4 Regulatory context for the management of spent nuclear fuel 

According to the law, the Finnish Ministry of Employment and the Economy (TEM; 
previously the Ministry of Trade and Industry, KTM) decides on the principles to be 
followed in waste management of spent fuel and other nuclear waste.  

The schedule for the disposal of spent nuclear fuel was established in the KTM’s 
Decision 9/815/2003. According to this Decision, the parties under the nuclear waste 
management obligation shall, either separately, together or through Posiva Oy, prepare 
to present all reports and plans required to obtain a construction license for a disposal 
facility for spent nuclear fuel as stated in the Nuclear Energy Decree by the end of 2012. 
The disposal facility is expected to become operational around the year 2020. 

The legislation concerning nuclear energy was updated in 2008. As part of the 
legislative reform, a number of the relevant Government Decisions were replaced with 
Government Decrees. The Decrees entered into force on 1st December 2008. The 
Government Decision (478/1999) regarding the safety of disposal of spent nuclear fuel, 
which particularly applied to the disposal facility, was replaced with Government 
Decree 736/2008, issued 27 November 2008. 
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Currently, the valid Regulatory Guides pertaining to nuclear waste management are 
Guides YVL 8.1−8.5; additionally, a number of other YVL Guides may be applied in 
part to nuclear waste management. The Radiation and Nuclear Safety Authority (STUK) 
is in the process of updating its YVL Guides to comply with the new legislation. 
According to the current drafts, the Guides pertaining to the disposal of spent nuclear 
fuel will belong to the YVL-D series consisting of a total of five Guides. Guide YVL 
D.1 will deal with nuclear non-proliferation control, D.2 with the transport of nuclear 
material and nuclear waste, D.3 with the processing, storage and encapsulation of spent 
nuclear fuel, D.4 with nuclear waste management and decommissioning activities and 
D.5 with the disposal of nuclear waste. The latest draft of the Guide YVL D.5 (Draft 4, 
17.3.2011 in Finnish only) was consulted for the preparation of the TURVA-2012 
safety case (see Section 1.6). 

1.4.1 Requirements specific to the biosphere assessment 

The protection target for humans is related to radiation dose. The regulations require 
that disposal of nuclear waste shall be planned so that as a consequence of expected 
evolution scenarios the annual dose1 to members of the public remains below given 
constraints. However, the protection target for other biota is related to radiation 
exposure. The regulations require that disposal shall not detrimentally affect species of 
fauna and flora. This shall be demonstrated by assessing the typical radiation exposures 
of terrestrial and aquatic populations in the disposal site environment. No quantitative 
constraints are given, but it is stated that the assessed exposures shall remain clearly 
below the levels which, on the basis of the best available scientific knowledge, would 
cause decline in biodiversity or other significant detriment to any living population.  

Table 1-1 summarises key regulatory requirements relevant for the biosphere 
assessment, including, where appropriate, how Posiva understands and applies some of 
the key aspects in regulation. 

 

 

 

 

  

                                                 

1 In this report, annual dose refers to the sum of the effective dose arising from external radiation within the period of one year, and 
the committed effective dose from the intake of radioactive substances within the same year (GD 736/2008). Furthermore “dose” 
refers to effective dose, unless otherwise explicitly stated. The effective dose is the tissue-weighted sum of the equivalent doses in 
all specified tissues and organs of the body, where the tissue weighting factor represents the relative contribution of that tissue or 
organ to the total health detriment  resulting from uniform irradiation of the body. The equivalent doses are mean absorbed doses in 
each tissue or organ, weighted by a factor that depends on the radiation type (ICRP 2007). Thus, effective dose is a quantity 
designed to reflect the amount of health detriment likely to result from the dose, based on current radiobiological, epidemiological 
and medical knowledge). 
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Table 1-1. Key regulatory requirements in the Guide YVL D.5 for the biosphere 
assessment, including comments or interpretations as to how Posiva applies the regula-
tions. Keywords in the requirement are underlined by the authors of the present report. 

Requirement Comment/interpretation 
YVL D.5 (306): These constraints are applicable in 
an assessment period, during which the radiation 
exposure of humans can be assessed with 
sufficient reliability, and which shall extend at a 
minimum over several millennia. 

Uncertainties in predicting the conditions of the surface 
environment will significantly increase with time. Posiva judges 
that assessing radiation doses to humans is no longer 
sufficiently reliable in the period beyond 10 000 years after 
disposal of the first waste canister in the repository, see also 
section 2.1. 

YVL D.5 (306): Disposal of nuclear waste shall be 
planned so that as a consequence of expected 
evolution scenarios the annual dose … 

Posiva understands that expected evolution scenarios are 
formulated from the most likely lines of evolution (the base 
scenario and variant scenarios). However, it is the view of 
Posiva that it is not feasible to identify most likely lines of 
evolution for the surface environment due to the inherent 
unpredictability of future human activities associated with large 
uncertainties. Posiva understands the radiation dose 
constraints to apply to evolution scenarios based on credible 
lines of evolution, though not unduly pessimistic in respect to 
radiological exposure of humans and the environment. See 
also section 2.4. 

YVL D.5 (306): …the annual dose to the most 
exposed people shall remain below the value of 0.1 
mSv. 

Posiva understands that assessing the annual dose to the most 
exposed people corresponds to assessing the mean annual 
dose to a group of people representative of those individuals in 
the population expected to receive the highest annual dose, 
see also section 2.1.1. 

YVL D.5 (306): …the average annual doses to 
other people shall remain insignificantly low. 

 

YVL D.5 (310): … these doses shall not be more 
than one hundredth - one tenth of the constraint for 
the most exposed individuals given above 

The approach to assessing doses to other people is cautiously 
based on deriving average doses to all exposed inhabitants, 
excluding the most exposed people, at or near the site. See 
also section 2.1.1. 

YVL D.5 (307): In applying the dose constraints …. 
The climate type as well as the human habits, 
nutritional needs and metabolism can be assumed 
to remain unchanged. 

Posiva judges that it is appropriate to assume that present-day 
conditions, such as for land use and demographic data, can be 
applied throughout the whole dose assessment period. Site-
specific or regional-specific conditions are preferred in this 
context. 

YVL D.5 (307): In applying the dose constraints, 
such environmental changes need to be 
considered that arise from changes in ground level 
in relation to sea. 

The regulation emphasises that the site is dynamic. Posiva 
judges that a fully dynamic assessment approach is needed to 
meet current purposes, mainly since the surface environment at 
the site will evolve significantly on a timescale comparable to 
that of variations in potential radionuclide release from the 
geosphere. See also section 2.1.2. 

YVL D.5 (309): The dose constraint for the most 
exposed individuals stands for an average dose 
e.g. in a self-sustaining family or small village 
community living in the environs of the disposal 
site… In the living environment of this community, 
i.e. a small lake and shallow water well is assumed 
to exist. 

Posiva strives to apply present-day site-specific or regional-
specific conditions in conjunction with a dynamic evolving 
landscape. It is Posiva’s view that it is appropriate to assume 
existence of a self-sustaining family, a small village community 
and shallow water wells throughout the time window for dose 
assessment. However, the existence and properties of lakes 
will be the result from modelling the development of the site 
and not stipulated a priori. 

YVL D.5 (315): Unlikely events caused by human 
actions to be considered shall include at least 
boring a medium-deep water well at the site and a 
core drilling or boring hitting a disposal canister. 

Because this concerns unlikely events, Posiva interprets it to 
mean that medium-deep wells are drilled deeper than the 
currently existing drilled wells at, or near, the Olkiluoto site.   

YVL D.5 (317): Disposal shall not affect 
detrimentally to species of fauna and flora. This 
shall be demonstrated by assessing the typical 
radiation exposures of terrestrial and aquatic 
populations in the disposal site environment, 
assuming the present kind of living populations. 

Posiva interprets this as implying that it is appropriate to derive 
absorbed dose rates to individual organisms that are 
characteristic of a set of representative species, applying the 
same assessment time window as for humans. See further 
section 2.1.1. 
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Table 1-1 cont’d. Key regulatory requirements in the Guide YVL D.5 for the biosphere 
assessment, including comments or interpretations as to how Posiva applies the regula-
tions. Keywords in the requirement are underlined by the authors of the present report. 

Requirement Comment/interpretation 
YVL D.5 (A107): Modelling and determination of input 
data shall be based on high-quality scientific 
knowledge and expert judgement obtained from 
laboratory experiments, site investigations and 
evidence from natural analogues. The models and 
input data shall be consistent with the scenario, 
assessment period and disposal system. 

All activities in the biosphere assessment conform to good 
scientific practice. All models and applied input data are, as 
far as readily achievable, verified to be fit-for-purpose for the 
scenarios to be analysed. 

YVL D.5 (A108): Selection of computational methods 
and input data shall be based on principle that the 
actual radiation exposures or quantities of released 
radioactive substances shall with high degree of 
certainty be lower than those obtained through safety 
analyses. 

The biosphere assessment aims at reaching an appropriate 
level of conservatism in the modelling, meaning that the 
parameter values and assumptions used are selected to 
ensure that the estimates of potential radiation doses are 
cautious, but still plausible and hence not unduly pessimistic. 

YVL D.5 (A110): The safety case shall be 
documented carefully. In each part of the safety case, 
the basic assumptions, used methods, obtained 
results and coupling to wholeness case shall be 
evident (clarity) and the justifications for the adopted 
assumptions, input data and models shall be easily 
found in the documentation (traceability). 

The biosphere assessment aims at documenting all work in a 
clear and traceable manner using a portfolio of reports (see 
section 1.6.1). 

 

1.5 Safety concept and safety functions 

The long-term safety principles of Posiva’s planned repository system are described at 
Level 2 of the VAHA (VAHA is Posiva’s requirement management system) as follows: 

 The spent nuclear fuel elements are disposed of in a repository located deep in 
the Olkiluoto bedrock. The release of radionuclides is prevented with a multi-
barrier disposal system consisting of a system of engineered barriers (EBS) and 
host rock such that the system effectively isolates the radionuclides from the 
living environment. 

 The engineered barrier system consists of 

o canisters to contain the radionuclides for as long as they could cause 
significant harm to the environment;  

o buffer between the canisters and the host rock to protect the canisters as 
long as containment of radionuclides is needed;  

o deposition tunnel backfill and plugs to keep the buffer in place and help 
restore the natural conditions in the host rock; and 

o the closure, i.e. the backfill and sealing structures to decouple the 
repository from the surface environment.  

 The host rock and depth of the repository are selected in such a way as to make 
it possible for the EBS to fulfill the functions of containment and isolation 
described above. 

 Should any of the canisters start to leak, the repository system as a whole will 
hinder or retard releases of radionuclides to the biosphere to the level required 
by the long-term safety criteria. 
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Figure 1-5. Outline of the safety concept for a KBS-3 type repository for spent nuclear 
fuel in a crystalline bedrock (adapted from Posiva 2003). Orange pillars and blocks 
indicate the primary safety features and properties of the disposal system. Green pillars 
and blocks indicate the secondary safety features that may become important in the 
event of a radionuclide release from a canister. 

The safety concept, as depicted in Figure 1-5, is a conceptual description of how these 
principles are applied together to achieve safe disposal of spent nuclear fuel in the 
conditions of the Olkiluoto site. Due to the long-term hazard of the spent nuclear fuel, it 
has to be isolated from the surface environment over a long period of time. The KBS-3 
method provides long-term isolation and containment of spent nuclear fuel by a 
system of multiple barriers, both engineered and natural, and by ensuring a sufficient 
depth of disposal (the key safety features of the system in Figure 1-5). All of these 
barriers have their roles in establishing the required long-term safety of the repository 
system. These roles constitute the safety functions of the barriers. The surface 
environment is not given any safety functions; instead it is considered as the object of 
the protection provided by the repository system. 

Most radionuclides in the spent nuclear fuel are embedded in a ceramic matrix (UO2) 
that itself is resistant to dissolution in the expected repository conditions. The slow 
release of radionuclides from the spent nuclear fuel matrix is part of Posiva’s safety 
concept. Moreover, the near-field conditions should contribute to maintaining the low 
solubility of the matrix.  

Implementation of the KBS-3 method entails the introduction of a number of additional 
barriers because of engineering, operational safety or long-term safety needs. Long-term 
safety needs arise, for example, because implementation involves the construction of a 
system of underground openings, including access tunnels and shafts, that would 
significantly perturb the safety functions of the host rock unless backfilled and sealed at 
closure of the disposal facility. These closure components with long-term safety 
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functions include backfill of underground openings, including the central tunnels, 
access tunnels, shafts, and other excavations, and drillhole plugs, mechanical plugs, 
long-term hydraulic plugs at different depths and plugs near the surface.  

In the TURVA-2012 safety case documentation, the spent nuclear fuel, EBS and the 
host rock are jointly termed the repository system, whereas the term disposal system is 
used when the repository system and the surface environment are both considered (see 
Figure 1-6). 

1.6 TURVA-2012 safety case portfolio 

A safety case for a geological disposal facility documents the scientific and technical 
understanding of the disposal system, including the safety barriers and safety functions 
that these are expected to provide, results of a quantitative safety assessment, the 
process of systematically analysing the ability of the repository system to maintain its 
safety functions and to meet long-term safety requirements, and provides a compilation 
of evidence and arguments that complement and support the reliability of the results of 
the quantitative analyses.    

As stated in Guide YVL D.5, A01: Compliance with the requirements concerning long-
term radiation safety, and the suitability of the disposal method and disposal site, shall 
be proven through a safety case that must analyze both expected evolution scenarios 
and unlikely events impairing long-term safety. The safety case comprises a numerical 
analysis based on experimental studies and complementary considerations insofar as 
quantitative analyses are not feasible or involve considerable uncertainties 
(GD 736/2008). 

 

 

Figure 1-6. The components of the disposal system.  
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The TURVA-2012 safety case for the disposal of spent nuclear fuel at Olkiluoto is 
compiled in a portfolio of main reports with supporting documents (Figure 1-7). In this 
report, all TURVA-2012 portfolio reports are referenced using the report title (as below) 
in italics. The full titles and report numbers are listed at the beginning of the reference 
list. The main reports and supporting documents of the TURVA-2012 portfolio are 
briefly described in the following. 

Synthesis provides a summary of the TURVA-2012 safety case, building on the key 
results from all main safety case reports. It represents a synthesis of the assessment of 
both the repository system and the surface environment (biosphere). It provides a 
description of the overall safety case methodology, brings together quantitative 
evidence and other lines of argument, gives a statement of confidence in the safety of 
the proposed disposal system and provides an evaluation of compliance with long-term 
safety constraints.  

Site Description and Biosphere Description are the two main supporting documents that 
describe the relevant characteristics of the site’s geosphere and surface environment, 
respectively. In addition to present-day conditions, they discuss the past evolution of the 
site and future evolution of the surface environment, and highlight the most important 
characteristics to be represented in geosphere and biosphere modelling. 

Description of the Disposal System summarises the initial state of the repository system 
components (spent nuclear fuel, EBS and host rock) and of the surface environment. 
The descriptions of the engineered barriers and underground openings are based on the 
Production Line reports, whereas the descriptions of the host rock and the surface 
environment are based on Site Description and Biosphere Description, respectively. The 
initial state of the spent nuclear fuel is also presented. The report provides the main 
characteristics of the components of the disposal system to be used as input to the safety 
assessment. 

Features, Events and Processes identifies and describes the various features, events and 
processes (FEPs) that need to be taken into account when assessing the long-term safety 
of the Olkiluoto spent nuclear fuel repository, thus feeding into the performance 
assessment, the formulation of radionuclide release scenarios, and the assessment of the 
scenarios for the repository system and the biosphere (see below). 

In the review of the pre-licensing documentation, STUK emphasises the importance of 
defining performance targets and target properties, giving the reasoning behind them, 
and providing an assessment of how they are fulfilled by the repository system. Details 
on the reasoning and rationale behind the definition of the performance targets for the 
EBS components and target properties of the host rock are specified in Design Basis. 
The report is supported by the Production Line reports (for the canister, buffer, backfill, 
closure and underground openings), which present the detailed design specifications for 
the repository components, combined with a description of their production and initial 
state. 
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Figure 1-7. TURVA-2012 safety case portfolio including report names (coloured boxes) 
and brief descriptions of the contents (white boxes). Disposal system = repository 
system + surface environment. 

 

 

 

Main reports

Main supporting documents

Site Description Biosphere Description
Understanding of the present state and past 

evolution of the host rock

Understanding of the present state and evolution of 
the surface environment

Models and Data for the 
Repository System

Biosphere Data Basis

Description of climate evolution and definition of release scenarios

Models and data used in the performance 
assessment and in the analysis of the 

radionuclide release scenarios

TURVA-2012

Synthesis
Description of the overall methodology of analysis, bringing together all the lines of arguments for safety, and the 

statement of confidence and the evaluation of compliance with long-term safety constraints

Design Basis 
Performance targets and target properties for the repository system

Production Lines
Design, production and initial state of the EBS and the underground openings

Description of the Disposal System 

Analysis of releases and calculation of doses and activity fluxes.

Complementary Considerations
Supporting evidence incl. natural and anthropogenic analogues

Data used in the biosphere assessment and 
summary of models

Biosphere Assessment: Modelling reports

Description of the models and detailed modelling of surface environment

Assessment of Radionuclide 
Release Scenarios for the 

Repository System
Biosphere Assessment                

Summary of the initial state of the repository system and present state of the surface environment

Features, Events and Processes
General description of features, events and processes affecting the disposal system 

Performance Assessment
Analysis of the performance of the repository system and evaluation of the fulfillment of performance 

targets and target properties 

Formulation of Radionuclide Release Scenarios



20 
 

Performance Assessment replaces the previous reports dealing with the normal, i.e. 
expected, evolution of a spent nuclear fuel repository (Crawford & Wilmot 1998, 
Pastina & Hellä 2006), in which the EBS and geosphere are expected to uphold their 
safety functions with no releases of radionuclides for at least 10 000 years and even 
after 100 000 years. The fulfilment of the performance targets and target properties 
during the expected evolution of the repository system is evaluated in Performance 
Assessment. Performance Assessment covers the performance of the system for the 
entire assessment time frame of one million years, with a special focus on the 
containment safety function of the canister and isolating safety function of other EBS 
components and the geosphere in the first 10 000 years (as required in Guide YVL D.5). 
The main focus of the report is the expected evolution and performance, but it is also 
shown that there are some plausible conditions, and some unlikely events and processes, 
that could lead to a reduction of one or more safety functions and, potentially, give rise 
to radionuclide releases. Thus, Performance Assessment presents the expected evolution 
of the repository in which the majority of the canisters in the repository provide 
complete containment of radionuclides throughout the assessment time frame.  

The performance assessment identifies uncertainties in the initial state of the barriers 
and/or in the evolution of the repository system that could lead to radionuclide releases. 
These deviations from the desired initial state or expected evolution are propagated to 
Formulation of Radionuclide Release Scenarios, which defines the scenarios and the 
calculation cases for both the repository system and the surface environment. The aim 
of Formulation of Radionuclide Release Scenarios is to systematically define a set of 
scenarios that encompass the important combinations of initial conditions, expected 
evolution and disruptive events.  

In past assessments by Posiva, the case of a canister with an initial defect has been 
assessed as a case to test the performance of the other engineered barriers and host rock. 
While this is not necessarily the most likely feature that could lead to release of 
radionuclides, it is the reference case in Formulation of Radionuclide Release Scenarios 
that also complies with the GD 736/2008. Thus, in TURVA-2012, the base scenario 
addresses the most likely lines of evolution and takes into account the incidental 
possibility of one or a few canisters with initial undetected penetrating defects. The 
classification of scenarios emphasises that incidental deviations that may lead to 
radionuclide release (e.g. an initial defect of a canister) have low probability. The design 
aim for the repository and expected outcome is that the majority of the canisters in the 
repository will provide complete containment of radionuclides throughout the 
assessment time frame (as shown in Performance Assessment) and there will be no 
releases of radionuclides from the canisters for at least several hundreds of thousands of 
years. The assumption that no more than a few canisters have initial penetrating defects 
is based on expert judgement concerning the canister welding method (electron beam 
welding − EBW) and non-destructive testing (NDT) capabilities. With continued 
testing, it seems practicable in the future to show that the probability of more than one 
initially defective canister in the repository is less than one per cent. At the moment, 
therefore, the number of defective canisters is assumed to be one canister out of 4500 in 
the reference case realisation of the base scenario.  
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The analyses of the releases and calculated activity fluxes and doses are presented in 
Assessment of Radionuclide Release Scenarios for the Repository System and in 
Biosphere Assessment. 

Models and Data for the Repository System summarises the models and the data used in 
the performance assessment and the analysis of radionuclide release scenarios for the 
repository system. As to the surface environment, the data used in the biosphere 
assessment BSA-2012 are documented in Biosphere Data Basis, and the models are 
documented in Terrain and Ecosystems Development Modelling, Surface and Near-
Surface Hydrological Modelling, Biosphere Radionuclide Transport and Dose 
Assessment and Dose Assessment for Plants and Animals. 

Complementary Considerations supports the safety case by presenting complementary 
evidence for the safety of nuclear waste disposal in crystalline bedrock according to the 
KBS-3 method.  In particular, it provides evidence for the reliable performance and 
longevity of the engineered barrier materials, and suitability of the Olkiluoto site to 
provide the necessary conditions for long-term safety, focusing on qualitative 
supporting arguments.  

The TURVA-2012 safety case portfolio is based on the safety case plan published in 
2008 (Posiva 2008), which updates an earlier plan published in 2005 (Vieno & Ikonen 
2005). In the updated safety case plan, further details are provided on quality assurance 
and control procedures and their documentation, as well as on the consistent handling of 
different types of uncertainties. Since 2008, the safety case plan has been iterated based 
on the feedback received from the authorities, and the contents of the safety case 
portfolio TURVA-2012 are now as presented in Figure 1-7. 

1.6.1 Biosphere assessment portfolio  

The biosphere assessment portfolio was introduced in (Vieno & Ikonen 2005) and 
revised in (Ikonen 2006). The biosphere assessment is now conceptually fully integrated 
into the safety assessment, but the biosphere assessment component has been retained as 
a distinct entity for practical reasons. This means that the reporting of the biosphere 
assessment continues, with a few modifications, to follow the Biosphere Assessment 
Portfolio of Ikonen (2006). The biosphere assessment BSA-2012 consists of three main 
reports, of which two are main reports in the TURVA-2012 portfolio (Figure 1-7), and 
four supporting reports; the BSA-2012 portfolio is presented in Table 1-2. 

The reports in the BSA 2012 portfolio are in this report referred to as (following the 
order in Table 1-2): 

 Biosphere Data Basis report; 

 Biosphere Description report; 

 Terrain and Ecosystems Development Modelling report; 

 Surface and Near-Surface Hydrological Modelling report; 

 Biosphere Radionuclide Transport and Dose Assessment report, and 

 Dose Assessment for Plants and Animals report. 
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Table 1-2. The biosphere assessment BSA-2012 portfolio. 

Report title Report number Topic 

Main reports in the biosphere assessment 

Safety case for the spent nuclear fuel 
disposal at Olkiluoto - Biosphere 
Assessment BSA-2012 (this report) 

Posiva 2012-10 Assessment of surface environment 
scenarios, synthesis of  the scientific 
basis of the assessment methodology, 
site understanding, scenario 
formulation and assessment modelling 

Safety case for the disposal of spent nuclear 
fuel at Olkiluoto - Data Basis for the 
Biosphere Assessment BSA-2012 

Posiva 2012-28 Input data to biosphere assessment 
(with justification) and a summary of 
modelling approaches 

Olkiluoto Biosphere Description 2012 Posiva 2012-06 Site understanding, FEPs, conceptual 
models, and their scientific basis. 

Supporting reports in the biosphere assessment 

Denoted Biosphere Assessment: Modelling reports in Fig. 1-6 

Safety case for the disposal of spent nuclear 
fuel at Olkiluoto - Terrain and ecosystems 
development modelling in the biosphere 
assessment BSA-2012 

Posiva 2012-29 Analysis of scenarios: Evolution of 
the biosphere (models and detailed 
results) 

Safety case for the disposal of spent nuclear 
fuel at Olkiluoto - Surface and near-surface 
hydrological modelling in the biosphere 
assessment BSA-2012 

Posiva 2012-30 Analysis of scenarios: Geosphere-to-
biosphere interface 
(models and detailed results) 

Safety case for the disposal of spent nuclear 
fuel at Olkiluoto - Radionuclide transport 
and dose assessment for humans in the 
biosphere assessment BSA-2012 

Posiva 2012-31 Analysis of scenarios: Radionuclide 
transport in the biosphere and dose 
assessment for humans (models and 
detailed results) 

Safety case for the disposal of spent nuclear 
fuel at Olkiluoto - Dose assessment for 
plants and animals in the biosphere 
assessment BSA-2012 

Posiva 2012-32 Analysis of scenarios: Dose 
assessment for plants and animals 
(models and detailed results) 

1.7 Quality assurance 

The quality assurance (QA) procedures for the safety case (SAFCA) portfolio (see 
Figure 1-7) have been carried out following Posiva’s quality management system, which 
complies with the ISO 9001:2008 standard and considers relevant regulatory 
requirements. Even though the quality assurance is based throughout on management 
according to the standard ISO9001:2008, a graded approach proposed for nuclear 
facilities is adopted, i.e. the primary emphasis is on the quality control of the safety 
case, particularly for those activities that have a direct bearing on long-term safety, 
whereas standard quality measures are applied in the supporting work. This means, in 
practice, that the main safety case reports are subjected to stricter quality demands than 
general research activities. The input from Posiva’s own RTD activities and other 
research also fulfil the ISO 9001 quality standards.  

The general quality guidelines of Posiva are also applied; the composition and quality 
management of portfolio reports and the recruitment of expert reviewers are carried out 
according to the respective guidelines. In addition, special attention is paid to the 
management of the processes that are applied to produce the safety case and its 
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foundations, which is the basis for the whole safety case process and organisation of the 
work. The purpose of this enhanced process control is to provide full traceability and 
transparency of the data, assumptions, models, calculations and results. The safety case 
production process is a part of Posiva’s RTD process and is linked to Posiva’s 
Production lines, Facility design and other main processes. The main customer is the 
Strategy process and the Licensing sub-process. The aim of the safety case production 
process is to produce the long-term safety documentation for the construction license 
application. The safety case production process is owned by the research manager of 
Posiva’s Long-term Safety Unit in Posiva’s Research Department.  

The overall plan, main goals and constraints for the safety case production process are 
presented in the Safety case plan (Posiva 2008). The details of how the Safety case plan 
2008 is being implemented are described in the SAFCA project plan. The work is 
managed and coordinated by a SAFCA core group and supervised by a steering group. 

The safety case production process is divided into four main sub-processes: 
Conceptualisation and Methodology, Data Handling and Modelling, Safety Assessment, 
and Evaluation of Compliance and Confidence. 

The Data Handling and Modelling sub-process constitutes the central linkage between 
Posiva’s main technical and scientific activities and the production of the safety case. It 
is a clearinghouse activity between the supply of, and demand for, quality-assured data 
for the safety case. Data are produced by Posiva’s planning, design and development 
processes for the EBS (Engineered Barrier System), by the site characterisation process 
for the geoscientific data and through the biosphere description of the Olkiluoto area.  

A SAFCA quality co-ordinator (QC) has been designated for the activities related to the 
quality assurance measures applied to the production of the safety case contents. The 
QC is responsible for checking that the instructions and guidelines are followed, and 
improvements are made in the process as deemed useful or necessary. The QC is also 
responsible for the coordination of the external expert reviews, maintenance of 
schedules, review and approval of the products, and the management of the expert 
elicitation process. The QC also leads the quality review of models and data used in the 
Data Handling and Modelling sub-process. Regular auditing of the safety case 
production process is done as part of Posiva's internal audit programme. 

Data sources and quality aspects of the sources are documented according to a specific 
guideline. Individual data and databases are approved through a clearance procedure 
supervised by the SAFCA QC. The process owner checks and approves the data and the 
QC checks and approves the procedure. Data used may also be approved using other 
Posiva databases such as VAHA or POTTI and the respective approval processes. A 
clearance procedure has been applied to all key data used in the performance assessment 
(i.e. showing compliance with performance targets and target properties), and in the 
safety assessment (i.e. radionuclide transport and dose calculations).  

The control and supervision of the safety case products (i.e. main portfolio reports) has 
been done in two steps, first an internal review by safety case experts and subject-matter 
experts within Posiva’s RTD programme and then the second step by external expert 
reviewers. A group of external experts covering the essential areas of knowledge and 
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expertise needed in safety case production has been set up. The review process is based 
on review templates, which record each review comment and how it has been 
addressed. Upon completion, this template is checked and approved according to the 
quality guidelines of Posiva. 

An expert elicitation process has been applied for specific cases when the understanding 
or data basis is conflicting and consensus is needed for the selection of key data (e.g. 
future climate scenarios, solubility and sorption data). This expert elicitation process has 
been initiated, recruited, documented and managed by the SAFCA Quality Co-
ordinator. 

QA issues are discussed further in Synthesis. Quality assurance and quality control 
measures related to the production and operation of the repository are discussed in detail 
in Production Line reports (Canister, Buffer, Backfill, Closure and Underground 
Openings).  

1.8 Scope and structure of the present report 

This report is one of the main reports of the TURVA-2012 portfolio (see green boxes in 
Figure 1-7). The main objectives are to provide a synthesis of the biosphere assessment 
(assessment methodology, scientific basis, site understanding, scenario formulation and 
assessment modelling) and present the assessment of the surface system scenarios that 
have been identified in Formulation of Radionuclide Release Scenarios.  

1.8.1 International recommendations on safety requirements 

The International Commission on Radiological Protection (ICRP) most recently 
provided recommendations on the safety of disposal of radioactive waste in ICRP 
Publication 122 (ICRP 2013); these recommendations update and consolidate previous 
recommendations of the ICRP related to solid waste disposal, such as ICRP Publication 
81 (ICRP 2000). In Publications 122 and 81, the Commission say little about 
timeframes of safety assessment but it recognizes inherent uncertainty and the problems 
of estimating individual doses and the size of the exposed population over long periods 
of time in the future and states that: 

“In the context of protecting future generations, the relevant indicators are the 
annual individual dose to a critical group for normal exposure and the annual 
individual risk to a critical group for potential exposure.”  

The Commission also recommends  

“the radiological criterion for the design of a waste disposal facility recommended 
by ICRP is an annual dose constraint for the population of 0.3 mSv per year, and a 
risk constraint for the population of 1·10-5per year is recommended when applying 
an aggregated approach combining probability of the exposure scenario and the 
associated dose”.  

This means that annual individual dose as well as annual individual risk could be 
considered as the main outputs from post-closure safety assessments for waste 
repositories which then (in case of estimates for times beyond around several 
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hundreds of years) could be compared with appropriate criteria “to give an indication of 
whether the repository is acceptable given current understanding of the disposal 
system”. Demonstration of compliance with the radiological criteria includes a 
demonstration of understanding of the disposal system. 

Human behaviour and dietary habits are core aspects of biosphere modelling that can 
influence significantly human exposures and can strongly change in time for various 
reasons (for instance, technical, economic, agricultural development). However the 
Commission says that “the habits and characteristics assumed for the critical group 
should be chosen on the basis of reasonably conservative and plausible assumptions, 
considering current lifestyles as well as the available site or region specific 
information.” It is also important to remember while modelling that “different scenarios 
[are] associated with different critical groups”.    

For critical group and biosphere definition the Commission suggests using “either a site 
specific approach based on current available site or regional information or a stylized 
approach based on more general habits and conditions; the use of stylized approaches 
will become more important for the longer time-scales”.  

It is further said that “major changes may occur in the biosphere in the long-term due 
to the action of natural forces in a similar manner to those occurring in the past. 
…Consideration of biosphere changes should be limited to those due to natural 
forces”. This could be considered to mean that natural climate changes, which are 
logically  connected with the term ‘natural forces’, have to be taken into account for 
biosphere modelling purposes, however the assumptions about these changes  should be 
based on climate data registered in the past i.e. prior to human impacts on climate. 

The Commission suggests as well: 

1. “to assume that radioactive contamination of the biosphere due to releases from the 
repository is likely to remain relatively constant” over the time of consideration; 

2. “to calculate the annual dose/risk averaged over the lifetime of the individuals” 
“this average can be adequately represented by the annual dose/risk to an adult”. 

The Commission notes the following (ICRP 2013, paragraph 94). 

 “A representative person cannot be defined independently of the assumed biosphere. 
Major changes may occur in the biosphere in the long-term due to the action of 
natural forces in a similar manner to those occurring in the past. Human actions may 
also affect the biosphere, but one can only speculate about human behaviour in the 
long-term. In the definition of the scenarios, consideration of biosphere changes 
should be limited to those due to natural forces.” 

This appears to rule out the effect of climate change due to man-made global warming. 
It may be that the ICRP did not mean this to be the case, intending to refer only to more 
direct local environmental changes by man to create entirely new types of biosphere. 

At Para 100: “Over the long time frames that are considered in waste disposal, the 
biosphere is likely to change, and even change substantially. Such changes may entail 
biosphere evolution with time that is either natural or is enhanced or perturbed 
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through human action. Contributing factors may be climate change, including 
glaciation cycles, and land uplift or depression. Current knowledge of different 
biospheres and the assessment of impacts on Reference Animals and Plants in those 
biospheres may aid understanding of potential biosphere changes, and therefore 
inform decisions related to environmental protection.” 

This latter refers to environmental protection, and appears to go further with respect to 
environmental change than the corresponding text relating to human protection. 

The International Atomic Energy Agency (IAEA) has also produced recommendations 
in this area (IAEA, 2011a). The safety objective of radiation protection in the post-
closure period given is that:  

“a reasonable assurance has to be provided that doses and risks to members of 
the public in the long term will not exceed the dose constraints or risk constraints 
that were used as design criteria”. Furthermore, it is said, “To comply with dose 
limit, a disposal facility (considered as a single source) is so designed that the 
calculated dose or risk to the representative person who might be exposed in the 
future as a result of possible natural processes affecting the disposal facility does 
not exceed a dose constraint of 0.3 mSv in a year or a risk constraint of the order 
of 10-5

 per year”. Although some of the wording is slightly different, this parallels 
ICRP Publication 122. 

IAEA (2011a) suggests additional indicators and comparisons, such as “concentrations 
and fluxes of contaminants and their comparison with concentrations and fluxes of 
radionuclides of natural origin within the geosphere or biosphere”. The advantages of 
such indicators are that they do not include the uncertainty associated with habits of 
people and that they can be complementary indicators to dose and risk for assessments 
for long time periods after closure.  

IAEA (2011a) notes the following with respect to uncertainty: “It is recognized that 
radiation doses to people in the future can only be estimated and that uncertainties 
associated with these estimates will increase for times farther into the future. Caution 
needs to be exercised in applying criteria for periods far into the future.” 

The Requirement 9 (Isolation of radioactive waste) of IAEA (2011a) states that, “The 
disposal facility shall be sited, designed and operated to provide features that are aimed 
at isolation of the radioactive waste from people and from the accessible biosphere. The 
features shall aim to provide isolation for several hundreds of years for short lived 
waste and at least several thousand years for intermediate and high level waste.”  

IAEA provides further guidance on the safety of geological facilities in IAEA (2011b), 
with the following relevant to the current report: 

“Assessments may need to project the behaviour of the site and facility for time 
periods of the order of thousands of years and potentially longer”.  

“The site for a disposal facility shall be characterized at a level of detail sufficient 
to support a general understanding of both the characteristics of the site and how 
the site will evolve over time. This shall include its present condition, its probable 
natural evolution, and possible natural events and also human plans and 
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actions in the vicinity that may affect the safety of the facility over the period of 
interest…”.  

“… knowledge from site characterization will be necessary to provide a credible 
scientific description of the natural characteristics at the site and a demonstration 
of understanding concerning safety significant processes (e.g. geological, 
hydrological, geochemical, mechanical processes).”. 

“Climate evolution represented by glacial cycles may result in fundamental 
changes in the Earth's hydrosphere, such as fluctuations in sea level, changes in 
erosion or sedimentation processes and rates, changes in glacial or periglacial 
conditions, and variations in the surface and subsurface hydrological balance. 
Geodynamic effects such as ground motion associated with earthquakes, land 
subsidence and uplift, volcanism and diapirism may also induce changes in the 
Earth's crustal conditions and processes.”  

Pathways which “are likely to be important for the undisturbed performance of a 
disposal facility. They include groundwater transport, soil, land plants, land 
animals, surface waters, aquatic animals and gaseous pathways.”  

The IAEA has provided further recent advice concerning the content of a safety case 
and safety assessment (IAEA 2012b), and this advice is considered further, alongside 
other international work on biosphere assessment for waste repositories in section 1.8.3. 

The POSIVA approach to addressing safety requirements has been to address the 
regulatory requirements (section 1.4) and generically relevant international guidance 
presented above. In addition, consideration has been given to previous regulatory 
feedback, as described in the following sub-section. 

1.8.2 Regulatory feedback from previous Posiva assessments 

Following Posiva’s submission of the Interim Summary Report of the Safety Case 2009 
(Posiva 2010), the nuclear regulator, STUK, evaluated the current status for 
demonstration of long-term safety and operational safety, and the fulfilment of the 
safety requirements for nuclear waste disposal against GD 736/2008.  

As a general observation, STUK noted that Posiva already has a lot of information from 
several safety areas, but the knowledge is somewhat sporadically presented and difficult 
to trace. Therefore STUK felt unable to form a view about Posiva’s own estimate of the 
current status for demonstration of term safety. In addition, STUK considered that the 
preliminary application had some shortcomings in demonstrating the fulfilment of the 
requirements, necessary conclusions, reasoning and analysis.   

STUK’s safety evaluation report (STUK 2011) provided feedback and advice that has 
been taken into account as key issues being prioritised within Posiva’s RTD programme 
and in the development of the TURVA-2012 safety case.  

The feedback has also been taken into account in the systematic structuring of the safety 
case and the reports included in the TURVA-2012 portfolio. In particular, Formulation 
of Radionuclide Release Scenarios and Features, Events and Processes constitute a 
significant improvement regarding transparent documentation of the biosphere 
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assessment and the management of uncertainties. The formulation of surface 
environment scenarios (see Formulation of Radionuclide Release Scenarios) follows a 
systematic approach to identifying an envelope of credible lines of evolution for the 
surface environment from the emplacement of the first canister until at least several 
millennia later. The scenario formulation is driven by uncertainties in features, events 
and processes of the surface environment, determined by external geological and 
climatic processes, and to some extent by future human actions (Features, Events and 
Processes, Chapters 9 and 10). In addition to the feedback discussed above, STUK has 
provided feedback on issues regarding the biosphere assessment, summarised in 
Table 1-3, together with how they are addressed in the present assessment. 

1.8.3 International developments in Biosphere Assessment 

The biosphere assessment has to address the particulars of the biosphere assessment 
context, the components of which have been set out through international collaboration 
within the IAEA project BIOMASS (IAEA 2003). Those components consist in 
summary of the following. 

Purpose of the assessment 
The general purpose of the biosphere part of a radioactive waste assessment is to 
determine the radiological significance of potential future discharges of radionuclides.  
In any specific assessment it may vary from simple calculations to test disposal 
concepts, through to a detailed site-specific assessment to support a disposal license 
application. To a large degree the purpose of the assessment will dictate the amount of 
documentation that should accompany an assessment.  

Endpoints of the assessment 
The structure and composition of a biosphere model will tend to reflect the results that it 
is designed to evaluate. These will depend largely on the criteria (regulatory or 
otherwise) that are adopted to judge the overall performance of the disposal system.  
Several endpoints may be necessary in developing a safety case for a licensing 
application. 

Assessment philosophy (approach to addressing uncertainties) 
Although the nature of the endpoint may have been defined clearly, it is also necessary 
to make clear the nature of assumptions used in assessment of that endpoint (such as the 
degree of conservatism to be adopted). Exposure group assumptions are an important 
example of an aspect where alternative approaches could be adopted, but it is clear that 
the problems with adopting a consistent approach to the level of conservatism to be 
used can arise in any part of the assessment.  A statement setting out the approach to be 
taken should be included in the assessment context. 
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Table 1-3. Key issues raised by the regulators regarding the biosphere assessment and 
how they are treated in the present assessment. 

Regulatory feedback Treatment in BSA-2012 

Issue: data gaps 

 Gaps in the data for transfer 
factor modelling 

 The nuclide-specific data is on 
intermediate level as it is stated 
in the report (…data basis 
needs to be improved for the 
following assessment…) 

Assessment data is based on more site-specific field 
measurements and literature reviews (documented in the 
Biosphere Data Basis report). 

Furthermore, Posiva strives for best practice through use 
of IAEA guidance, and sharing information with 
BIOPROTA members, as well as applying its own 
process for Knowledge Quality Assessment. 

Issue: water wells 

 Shallow water wells 
(overburden wells) and medium 
deep drilled wells are not 
accounted for in the dose 
calculations 

 A deep water well scenario has 
not been considered  

Wells constructed in the overburden and drilled in the 
bedrock are dynamically modelled in the surface and 
near-surface hydrological modelling and included in the 
landscape model and the subsequent radiological impact 
analysis. 

Drilling a medium-deep to deep well that intersects a 
contamination plume is considered as an unlikely event, 
and hence falls under the class of disturbance scenarios. 
Calculation cases are identified, similar to the ‘well 
scenarios’ that have been analysed previously (e.g., 
Hjerpe et al. 2010, section 5.4), see sections 4.2.3 and 
6.4. 

Issue: human intrusion 

 Core drilling analysis to be 
updated 

 A deep water well scenario has 
not been considered 

Scenarios for inadvertent human intrusion are formulated 
in the Formulation of Radionuclide Release Scenarios 
report (see also section 4.2.3), including both a direct hit 
to a canister and drilling in contaminated EBS material 
and these scenarios are assessed in the present report 
(section 6.4). 

In addition, the assessment of deep anthropogenic wells 
(section 6.4) may be considered as a human intrusion 
scenario, if it is assumed that the well is drilled to 
intercept the repository. 

 

Repository system 
The description of the process system2 to be represented in a biosphere model must be 
consistent with the known details of the disposal facility being considered, including the 
type of repository under consideration. 

Site context 
The general location of a repository may have an important influence on the likely 
pathways for release of radionuclides to the biosphere and the extent to which factors 

                                                 

2 The “Repository System” as used in the BIOMASS documentation is considered synonymous with the Disposal System as used in 
this and other TURVA 2012 reports. 
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such as climate and ecological change can influence the impact of such releases.  Site 
context should identify, in general terms, the current surface topography and climate in 
the vicinity of the site. A clear distinction should be made between information that is 
verifiable and the assumptions made for assessment purposes. The site context may help 
to define the spatial domain to be included within the biosphere system description. 

Source terms and geosphere-biosphere interface 
The structure and modelling requirements of the biosphere model will depend on the 
radionuclides under consideration and the interfaces assumed between the geosphere 
and the biosphere. A clear definition of the interface, and recognition of where in the 
assessment particular processes are being taken into account, is necessary to ensure that 
all relevant processes are included. 

Time windows 
To ensure equitable protection of both current and future generations, it is necessary to 
balance greater certainty for shorter time periods with increasing uncertainty over 
longer time periods. The selection of a specific time window can have a considerable 
impact on biosphere modelling. 

Societal assumptions 
During development of biosphere models it is necessary to define assumptions relating 
to future human actions. Societal assumptions are dependent on the degree of 
conservatism or realism desired in the analysis and the endpoints to be considered. 
Identification of exposure groups to be considered within a biosphere model is based in 
part on societal assumptions and, if the exposure groups have been identified and 
defined previously, the societal assumptions should not be inconsistent with that 
definition. 

These components and general discussion points taken from IAEA (2003) are addressed 
in a manner specific to the requirements of the TURVA 2012 safety case, with each 
aspect being considered in the relevant subsections of chapter 2 and in the Formulation 
of Radionuclide Release Scenarios report.  

As well as describing how to formulate the assessment question clearly enough so that it 
can be answered, by defining a clear biosphere assessment context, the BIOMASS 
report (IAEA 2003) also provides a generic methodology for assessing the biosphere in 
the context of solid radioactive waste disposal. This approach has been widely used, 
including, in particular, the components mentioned above, see Smith and Kato (2010). 
As more projects have moved from the site-generic to the site-specific investigation 
stage, it has become more practicable as well as necessary to address various aspects of 
the biosphere assessment, as well as to integrate them with the rest of the safety 
assessment. This has included further international cooperation on topics such as: the 
implications of climate change on biosphere systems, in the BIOCLIM project 
(ANDRA 2004); accounting for the effects of those changes in dose assessments, in the 
IAEA EMRAS II project, WG 2 (IAEA 2012a); consideration of the processes for 
transfer of radionuclides from the geosphere to the biosphere; demonstration of 
compliance with protection objectives for the environment, and development of more 
precise understanding of the environmental behaviour of the more significant 
radionuclides, in the context of impact of releases to the biosphere. (Substantial outputs 
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on all these latter topics are available from the BIOPROTA international programme at 
www.bioprota.org).  

POSIVA has followed and been an active contributor in all this collaborative work, so 
as to obtain the best available information on developments in this area. These technical 
developments in assessments are therefore available to be applied within the latest 
assessment guidance prepared by the IAEA (IAEA 2012b), taking into account the 
particular biosphere context of TURVA-2012. 

A particularly important issue is the approach to addressing uncertainties in biosphere 
parameter values. The approach is considered further in section 8 under the heading of 
Knowledge Quality Assessment. It is mentioned here since the issue affects all parts of 
the biosphere assessment. In outline, the POSIVA approach is as follows: 

 Where there is a good basis for selection of realistic and reasonable parameter 
values, this has been used. 

 Where data are lacking, a cautious but still physically realistic parameter value 
has been used. 

For situations where data are so weak that even the second approach is hard to justify, 
either because of lack of data or because a value is realistically possible but extremely 
unlikely to occur, then variant and disturbance scenarios and calculations, as well as 
what-if calculations have been made. These latter are not necessarily thought to be 
physically realistic, or if they are, then they are very unlikely to occur in practice. They 
are also used to test to implications of our current assumed knowledge being wrong. 

A special case concerns assumptions for values of basic radiation protection quantities 
associated with the definition of effective dose. Paragraph 48 of ICRP Publication 103 
(ICRP 2007) notes that the ICRP has selected parameter values for terms, such as tissue 
and radiation weighting factors that define the effective dose quantity, and that single 
values are given without uncertainties. The implication is that you are not intended to 
include these parameters as sampled parameters in a probabilistic assessment, nor 
consider them in other forms of uncertainty or sensitivity analysis. However, ICRP does 
admit that there are uncertainties in models linking dose to detriment. Posiva is aware of 
these uncertainties and the continuing related debate on the application of the linear no-
threshold hypothesis (as discussed further in section 7), and has designed its biosphere 
assessment to be informative about doses and risks in this broad context, as well as 
addressing a range of biosphere-related complementary considerations, described in 
section 7, that are intended to place dose and risk estimates in a wider safety assessment 
framework. 
 
Concerning levels of conservatism, it is noted in IAEA (2003), that if a very protective 
standard has been set then very cautious assessment assumptions are not appropriate in 
compliance demonstration3. The regulatory authorities in the UK recognise this by 
saying in their regulatory guidance on land disposal of radioactive waste that they have 
                                                 

3 IAEA (2003) does not define what counts as a very protective standard, but the standards of protection suggested in international 
recommendations for radionuclide releases from radioactive waste repositories (IAEA, 2011a, ICRP, 2000, ICRP 2013) imply 
limitations on individual risks over long periods which are more protective than standards applied to present day releases. 
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chosen a cautiously low value for the risk guidance level, so that it is not necessary 
when expressing the aggregate risk for comparison with {their} risk guidance level to 
include an additional conservative bias (EA and NIEA 2009). 
 
It may be noted that national approaches to addressing biosphere assessment issues 
vary, because the assessment context (as described above) is different in different 
countries. For example, as noted in NEA (2012), differences exist between countries 
regarding the extent to which regulations allow simplified handling of the biosphere in 
the safety assessment. 

1.8.4 Scope and objectives of the biosphere assessment BSA-2012 

The overall purposes of the biosphere assessment in the TURVA-2012 safety case are: 

 to describe the future, present, and relevant past conditions at, and prevailing 
processes in, the surface environment at the Olkiluoto site; 

 to model the transport and fate of radionuclides which may be released to the 
surface environment, as a result of hypothetical releases from the repository 
through the geosphere and via inadvertent human intrusion; and 

 to assess the possible radiological impacts on humans, plants and animals arising 
from those releases of radionuclides from the geosphere.  

The surface environment will evolve significantly prior to any likely radionuclide 
releases from the geosphere, and further evolve on a timescale comparable to that of the 
periods of significant radionuclide release from the geosphere. Most notably, some 
areas that are currently sea bottom will develop into terrestrial areas and lakes will be 
formed over a period of a few millennia. The main approach in the present biosphere 
assessment is to apply a fully dynamic model for the development of the surface 
environment, radionuclide transport and radiological impact analysis. The modelling 
approach is a further development of the approach applied in BSA-2009 (Hjerpe et al. 
2010). The most significant new features are the introduction of shallow anthropogenic 
wells and farm-animal products in the dynamic modelling.  

The present report summarises the biosphere assessment 2012 in general, and presents 
the analysis of surface environment scenarios in particular. The fate of any 
radionuclides potentially released from the repository in the repository scenarios 
considered in Formulation of Radionuclide Release Scenarios is discussed, along with 
the potential radiological impacts on humans, plants and animals. 

The time is indicated in this report, as a rule but with a few stated exceptions, using 
calendar years, i.e. years in the Common Era (CE), which is a designation for the 
world's most commonly used year-numbering system; the numbering of years is 
identical to the numbering used with Anno Domini (BC/AD) notation, 2013 being the 
current year. 

Relation to operational safety and environmental impacts 
The biosphere assessment considers various aspects relevant to long-term safety, i.e., 
providing a measure of the performance of the repository, and fate and radiological 
impact of possible radionuclides reaching the surface environment due to releases from 
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the emplaced disposal canisters in the time window from the emplacement of the first 
canister to several millennia in the future. Considerations of environmental impacts of 
the entire disposal programme and the assessment of operational safety, i.e. radiological 
safety of the staff and public during nuclear waste transport, encapsulation, final 
emplacement, sealing and final closure, are not considered in this report. However, the 
same characterisation activities, data and understanding of ecosystems obtained in the 
biosphere assessment work are useful also for these activities in the disposal 
programme. 
 

1.8.5 Report structure 

The remaining chapters of the present report are structured as follows: 

Chapter 2 describes the biosphere assessment methodology, such as the basic principles 
and concepts, the main line of reasoning in the Posiva biosphere assessment approach 
and the roles of the main sub-processes in the biosphere assessment. 

Chapter 3 presents briefly the relevant characteristics of the surface environment at the 
Olkiluoto site, focusing on present-day conditions. 

Chapter 4 gives an overview of the scenarios formulated for the surface environment 
and presents the calculation cases identified for use in analysing the scenarios. 

Chapter 5 briefly summarises the models and key assumptions used in the Reference 
Case. 

Chapter 6 summarises the main findings from the biosphere assessment, including the 
outcome from the screening analysis, projections of the development of the terrain and 
ecosystems, activity concentrations in environmental media, derived annual doses to 
humans and absorbed dose rates to plants and animals. 

Chapter 7 describes a range of biosphere-related complementary considerations. 

Chapter 8 summarises the key outcomes of the Knowledge Quality Assessment (KQA) 
performed as a part of the biosphere assessment process. 

Chapter 9 provides discussion and concluding remarks on the Biosphere Assessment 
BSA-2012. 
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2 BIOSPHERE ASSESSMENT METHODOLOGY 

The role of the biosphere assessment in the safety case is to describe the future, present, 
and relevant past conditions at, and prevailing processes in, the surface environment at 
the Olkiluoto site; to model the transport and fate of radionuclides that may enter the 
surface environment as a result of hypothetical releases from the repository through the 
geosphere and via inadvertent human intrusion; and to assess the possible radiological 
impact on humans, plants and animals arising from those releases of radionuclides.  

The role of the biosphere assessment is a reflection of the national regulatory 
requirements on the long-term safety of nuclear waste and is defined to enable the 
assessment of compliance with the radiation protection criteria set out in the regulations 
(section 1.4). These requirements also contain constraints and guidelines on how to 
conduct the biosphere assessment, for example regarding which evolutionary FEPs have 
to be accounted for and the exposure pathways that need to be considered in the dose 
calculations. However, when setting down the basic principles for the biosphere 
assessment and selecting the methodology to adopt when conducting the assessment, 
Posiva is not only aiming to be in line with the national requirements, but also 
consistent with international recommendations, especially recommendations made by 
the ICRP.  

The sections below discuss the basic principles and concepts underlying the biosphere 
assessment (section 2.1) and how knowledge and concepts are related in development of 
the main line of reasoning in the Posiva biosphere assessment approach (section 2.2). 
The main biosphere assessment sub-processes (section 2.2) are also elaborated in this 
Chapter (sections 2.3 to 2.8). 

2.1 Basic principles and concepts 

The role of the biosphere assessment is related to the fundamental safety objective of 
protecting people and the environment from harmful effects of ionizing radiation 
(IAEA 2006, chapter 2). The strategy adopted to achieve this safety objective in respect 
of the disposal of radioactive waste is to contain the waste and to isolate it from the 
accessible biosphere4 by means of geological disposal. The accessible biosphere is that 
part of the environment that the objective, together with associated criteria and 
requirements, are established to protect (c.f. IAEA 2011b, paragraph 2.1). In the context 
of protecting people and the environment from harmful effects of ionizing radiation, the 
accessible biosphere and the surface environment, as used in this assessment, are 
synonymous terms. Consequently, it is in the surface environment component of the 
disposal system that the potential harmful effects of ionizing radiation need to be 
addressed.  

It is considered appropriate to provide future humans and the environment the same 
level of protection against harmful effects of ionizing radiation that they are given at the 
present day. ICRP set down the basic principle for this, for humans, in the 

                                                 

4 The biosphere is that part of the environment that is normally inhabited by living organisms, and the ‘accessible biosphere’ is taken 
generally to include those elements of the environment, including groundwater, surface water and marine resources, that are used by 
people or accessible to people (IAEA 2011b, §2.2). 
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recommendations of ICRP Publication 77 (ICRP 1997): “the Commission 
recommendations rely on the basic principle that individuals and populations in the 
future should be afforded at least the same level of protection as the current 
generation.” This principle remains valid in the present ICRP recommendations on 
radiation protection as applied to the disposal of long-lived solid radioactive wastes 
(ICRP 2013); however, the principle is there clarified. Of special importance is that 
protecting future generations to at least the same level as the current generation implies 
the use of current quantitative dose and risk constraints (ICRP 2013). It is the opinion of 
Posiva that the basic principles adapted in the present biosphere assessment are in line 
with the regulatory requirements set out in Guide YVL D.5 and consistent with the 
recommendations by the ICRP. 

In order to fulfil its role in the safety case, the biosphere assessment addresses four 
fundamental questions, expressed as follows: 

 How does the surface environment evolve after closure of the repository? 

 How do hypothetical radionuclide releases from the geosphere migrate and 
accumulate in the surface environment as a consequence of the geological, 
hydrological and biological cycles that operate there? 

 How do humans utilise and change the surface environment and to what extent 
might people be exposed to radionuclide releases from the repository ending up in 
the surface environment? 

 How might plants and animals be exposed to radionuclide releases from the 
repository ending up in the surface environment, and to what extent? 

To answer these questions, the biosphere assessment needs to obtain sufficient 
understanding of the surface environment at the disposal site, to utilise that knowledge 
to produce credible projections of the development of the site and its surroundings, and 
to produce estimates for appropriate radiation exposure quantities. These three, 
understanding of the surface environment, projections of the development of the surface 
environment and radiation exposure estimates are the main products of the overall 
biosphere assessment. The key concepts adopted by Posiva in order to derive these main 
products are briefly discussed below; these are then further elaborated in sections 2.3 
to 2.8. The concepts discussed below are developed taking into account regulatory 
requirements and guidance. In most aspects these regulatory requirements are very clear 
and straight-forward to implement in the biosphere assessment. However, there are a 
few issues that require a degree of interpretation or further explanation. How Posiva 
understands and applies some of the aspects of Guide YVL D.5 when developing the 
biosphere assessment concept in general, and the dose assessment in particular, are also 
addressed here. 

A vital aspect when developing the concept for the biosphere assessment is the time 
window the assessment needs to cover, as pointed out in section 1.8.1. The regulations 
(GD 736/2008 Section 4) require that the dose assessment shall extend, if it can be 
performed with sufficient reliability, over a minimum of several millennia. 
Uncertainties in predicting the behaviour of future human generations will rapidly 
increase with time; a reliable prediction beyond just a few generations would be 
difficult to make. However, the regulations state (Guide YVL D.5, 307) that human 
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habits, nutritional needs and metabolism may be assumed to remain unchanged when 
deriving radiation dose estimates for compliance assessment. The position of Posiva is 
that it is appropriate to assume that present-day conditions, such as those relating to land 
use and demographic data, can be applied throughout the whole dose assessment period. 
This limitation on changes in the behaviour of future human generations leads to the 
judgement that the dose assessment can be considered to be performed with sufficient 
reliability until the conditions of the surface environment due to natural development 
are no longer sufficiently reliably predicted. Uncertainties in predicting the conditions 
of the natural development of the surface environment, especially in the prediction of 
land formation, will increase with time. The position of Posiva is that these predictions 
are sufficiently reliable for the purpose of a prospective dose assessment for up to ten 
millennia. Hence, Posiva judges that assessing radiation doses to humans can be 
performed with sufficient reliability in the period up to 10 000 years after disposal of 
the first waste canister in the repository. This time window is referred to as the dose 
assessment time window in both BSA-2012 and the overall TURVA-2012 safety case. 

2.1.1 Dose concepts 

Doses to humans 
When assessing the level of protection that needs to be achieved for humans, two key 
concepts should be considered: radiation dose and radiation risk, below denoted simply 
dose and risk. Associated with dose and risk, the concept of health detriment, 
introduced in ICRP Publication 26 (ICRP 1977), is also relevant. The application of 
health detriment aims at providing an estimate of the total harm to the health of an 
individual and their descendants as a result of an exposure. A key assumption here is a 
linear-non-threshold dose-effect relationship for cancer and hereditary disease. In the 
present assessment the focus is entirely on the dose concept, since the constraints given 
by the national regulations are expressed in terms of radiation doses (GD 736/2008, 
Section 4); more precisely as annual doses (as defined in Section 1.4.1, footnote 1). The 
main and primary use of the effective dose in radiological protection of the general 
public is in prospective dose assessments for planning and optimisation of protection 
(ICRP 2007, paragraph 153). In practical applications, effective dose is often used for 
the demonstration of compliance with protection standards.  

Potential exposures from a geological disposal facility, if they occur, will likely take 
place in the distant future, at least several millennia after closure of the facility, hence 
the meaning of dose and its interpretation have to be clarified. Of relevance here is to 
note that the knowledge of the relationship between dose and effects may very well 
change in the future, as has already been demonstrated by past re-assessments of 
nominal probability coefficients. Likewise, the ability to cure or mitigate induced health 
effects may change in the future. It is not possible to make any prediction of the 
direction of these changes. Thus, the efforts to avoid and/or reduce any effect on human 
health in the distant future have to be guided entirely by the current understanding of 
health effects (ICRP 2013 paragraph 20). This is also in line with the regulatory 
guidelines which states that (Guide YVL D.5, 307) human habits, nutritional needs and 
metabolism can be assumed to remain unchanged when the dose constraints apply.  
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Two dose assessment endpoints are needed to be able to demonstrate compliance with 
the regulatory radiation dose constraints (section 1.4.1), these are annual dose to the 
most exposed people and average annual doses to other people.  

Posiva understands that assessing the annual dose to the most exposed people 
corresponds to assessing the mean annual effective dose to a group of people 
representative of those individuals in the population expected to receive the highest 
annual effective dose. This is in line with how the critical group is defined by the ICRP 
(2000). To facilitate the quantitative dose assessment, the concept of the representative 
person has been developed (ICRP 2006). The representative person is equivalent to, and 
replaces, the average member of the critical group. The ICRP has defined the 
representative person to be used for determining compliance with the dose constraint, 
for the purpose of protection of the public. The representative person, who will almost 
always be a hypothetical construct, receives a dose that is representative of the more 
highly exposed persons in the population. The concept of how to assess doses to 
humans adopted by Posiva is mainly based on the representative person concept. 
However, there is one important difference. Posiva makes no a priori assumption that 
the critical group should be relatively homogeneous with respect to age, diet, and those 
aspects of behaviour that affect the annual doses received (ICRP 2000, Section 4.2). The 
concept instead assures that ‘the most exposed people’ will represents those individuals 
in the population potentially receiving the highest annual doses, regardless of diet and 
other behavioural aspects. It is Posiva’s view that the concept adopted has a higher level 
of conservatism than trying to identify a critical group. 

Posiva understands that assessing the average annual doses to other people corresponds 
to assessing the mean annual effective doses received by an exposed population at, or 
near, the Olkiluoto site, excluding the more highly exposed persons in that population. 
Estimating mean doses to this group is based on an estimation of the total number of 
exposed people. In a dose assessment spanning several millennia, estimating the size of 
a potentially exposed group in the region is associated with large uncertainties. As the 
regulatory guidance states that human habits can be assumed to remain unchanged, 
Posiva judges that it is appropriate to assume that present-day demographic data, such 
as number of inhabitants in the region, can be applied throughout the whole dose 
assessment. 

Doses to plants and animals 
The regulations (Guide YVL D.5, 317) require that the disposal shall not affect 
detrimentally species of plants and animals, which shall be demonstrated by assessing 
the possible radiation exposures of terrestrial and aquatic populations due to 
radionuclides released from the repository to the biosphere in the disposal site 
environment. To this end, Posiva understands that the absorbed dose rate to plants and 
animals is a suitable assessment endpoint.  

The concept adopted in this assessment is a further development from the concept 
applied in recent biosphere assessments (Broed et al. 2008, Hjerpe et al. 2010). In the 
current approach, absorbed dose rates to plants and animals of the types representative 
of the site, and surrounding areas, are estimated, primarily based on the ERICA 
integrated approach. The ERICA project (Beresford et al. 2007) was conducted under 
the EC 6th Framework Programme. It aimed at providing an integrated approach to 
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scientific, managerial and societal issues concerning the environmental effects of 
contaminants emitting ionising radiation, with emphasis on biota and ecosystems. For 
utilisation within the impact assessment process, reference organisms have been defined 
and each such organism has been assigned default attributes relating to radioecology 
and dosimetry in order to derive absorbed dose rates. These attributes are: equilibrium 
concentration ratios, occupancy factors, and ellipsoidal geometries. The ERICA Tool, 
which has been used for the assessment, is a piece of software that has a structure based 
upon the ERICA tiered approach to assessing the radiological risks to plants and 
animals.  

The Tier 1 assessment is designed to be a simple and cautious screening evaluation, 
requiring a minimum of input data. Tiers 2 and 3 calculate absorbed dose rates, but 
allow examination and editing of most of the required parameters. In Posiva's 
assessment, typical dose rates to plants and animals representative of the site are derived 
(details in Dose assessment for plants and animals, Section 4.3.5); corresponding to 
Tier 3 of the ERICA integrated approach. One major difference regarding the plants and 
animals, compared with assessing doses to humans, is the wide variety of taxa. 
Consequently, the first task to carry out was to identify species for assessment that are 
representative of the disposal site environment (section 4.1 in Biosphere Description). 
These are termed representative species and are analogous to the concept of reference 
organisms as applied within ERICA or reference animals and plants as defined by the 
ICRP (2008). 

2.1.2 Dynamic site concept 

Understanding the current surface environment at the site and predicting its 
development are two vital aims with the biosphere assessment, and these are tightly 
coupled. The key concept adopted is that the site is considered and modelled as a 
dynamic system. Of course, any complex system such as the surface environment is 
highly dynamic by nature and the point here is that the past development of the site, its 
present features and processes, and the future development of the site are addressed 
dynamically. Alternative approaches could be to assume that the present conditions at 
the site persist indefinitely, or to treat its future development by consideration of a set of 
time-independent snapshots of the possible future. These approaches are more 
appropriate for site-generic studies, where detailed biosphere assessment would be too 
much a matter of conjecture, or for sites that are likely to remain broadly constant in 
characteristics over the period of interest for the assessment.  

A fully dynamic approach is needed to meet current assessment purposes, mainly since 
the surface environment at the Olkiluoto site will evolve significantly on a timescale 
relevant to the demonstration of compliance with regulatory requirements and within 
the timeframe associated with potential radionuclide releases from the geosphere. In 
particular, areas that are possible sites for release of repository radionuclides from the 
geosphere which are currently on the sea bottom will develop into terrestrial areas over 
a period of a few millennia. The current regulatory guidance reflects the dynamic nature 
of the site and requires that this shall be accounted for in the assessment; thus, Guide 
YVL D.5 (307) states that: In applying the dose constraints, such environmental 
changes need to be considered that arise from changes in ground level in relation to 
sea. The climate type ... can be assumed to remain unchanged. 
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2.2 Overall approach to biosphere assessment  

This section discusses the overall approach to how Posiva conducts the biosphere 
assessment, and how it is implemented as a process containing six sub-processes. These 
biosphere assessment sub-processes are then further discussed in sections 2.3 to 2.8. 

One vital aspect of the overall approach is that it is iterative and knowledge from 
preceding biosphere assessments is presumed. In practice, the present assessment is the 
second iteration applying basically the same approach; the two predecessors are 
presented in Hjerpe et al. 2010 and Broed et al. 2008 and references therein. The main 
line of reasoning in the biosphere assessment can be expressed as follows: 

The biosphere assessment derives radiation doses and dose rates appropriate for 
assessing compliance with regulatory constraints from a comprehensive set of 
credible projections of the future development of the surface environment and 
land use, which are based on understanding of the present conditions at the site 
and its past regional development. 

2.2.1 The biosphere assessment process  

To pursue the main line of reasoning, the biosphere assessment is conceptually 
implemented as a predominantly linear process divided into six main sub-processes 
(Figure 2-1). Deterministic modelling has been selected as the main method in the 
biosphere assessment modelling, with the goal of implementing a fully dynamic model 
for the development of the surface environment, radionuclide transport and radiological 
impact analysis, which produces cautious, but not unduly pessimistic, estimates of 
radiation dose quantities. The sub-processes are summarised as follows. 

 Biosphere description (BSD): perform environmental studies and monitoring, 
provide a scientific synthesis of the current state of the surface environment and 
the main features of the past development at the Olkiluoto site, and provide the 
assessment models with site- and regional-specific properties. 

 Scenario formulation and identification of calculation cases:  identify key 
scenarios drivers and FEPs, with respect to the evolution of the surface 
environment, fate of radionuclides in the surface environment and/or the radiation 
exposure of humans, plants and animals. Define one credible line of evolution to 
formulate the base scenario. Identify deviations from the base scenario and 
unlikely FEPs to formulate variant and disturbance scenarios. Identify a set of 
biosphere calculation cases to analyse the surface environment scenarios. 

 Surface environment development: project the development of the surface 
environment, including for example the development of the topography, 
overburden, hydrology and ecosystem types. These projections are produced 
within the terrain and ecosystems development modelling (TESM), in close 
connection with the surface and near-surface hydrological modelling (SHYD). 

 Screening analysis: a two-tiered analysis is employed, in order to screen out 
radionuclides in the releases from the geosphere considered to have no significant 
potential radiological impact on humans, plants and animals. The screening 
models are implemented with a high degree of conservatism to ensure that the 
calculation results undoubtedly overestimate any potential radiological impacts. 
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 Landscape modelling (LSM): defines the ecosystem-specific radionuclide 
transport (RNT) models and the landscape model, and performs the analysis of the 
surface environment scenarios. The landscape model is a state-of-the-art time-
dependent and site-specific radionuclide transport model used for analysing the 
fate of the radionuclides released from the geosphere that are not screened out in 
the screening analysis. 

 Radiological impact analysis (RIA): assess potential radiological impacts on 
humans, plants and animals, and put the results in the context of regulatory 
requirements. 

 

Figure 2-1. The conceptual process of biosphere assessment, its sub-processes (blue 
boxes) and key features and products of each sub-process. The green boxes show the 
main inputs from activities external to the biosphere assessment in the TURVA-2012 
safety case. 
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2.2.2 Main models and information flow  

The sub-processes identified in the biosphere assessment process described above (for 
example Figure 2-1) are closely associated with the flow of information and how the 
modelling is implemented. Figure 2-2 shows the main models and information flows 
used in the overall safety assessment; the modelling activities within the biosphere 
assessment are within the dotted line to the right. Models for the analysis of 
radionuclide release, retention and transport are shown in white boxes in the figure. Key 
supporting process models are shown as green boxes and system descriptions and 
understanding as light blue boxes. In the models used in the analysis of most calculation 
cases, radionuclides released from an assumed failed canister are dissolved in water and 
conveyed in solution through the repository near field and through the geosphere 
towards the surface environment. The main modelling interface between the geosphere 
and the surface environment is the surface and near-surface hydrological modelling, as 
indicated in Figure 2-2. The computer codes used for analysis of the identified 
radionuclide release scenarios are summarised in Figure 2-3. 

Consistent with most safety analyses carried out internationally, the modelling of 
radionuclide release and transport in the disposal system is carried out in three 
sequential steps: near-field release and transport modelling, geosphere transport 
modelling, and then biosphere transport modelling and dose assessment, with the output 
from the former (near-field releases) providing input to the geosphere modelling, and 
the output from that (geosphere releases) providing input to the biosphere modelling. It 
is assumed that radionuclides migrate from the repository near field to the geosphere 
and from the geosphere to the surface environment, and that reverse flows can be 
neglected. 

Radionuclides in the biosphere could eventually return to the geosphere, for example by 
deposition and infiltration processes, but these are assumed not to occur in the biosphere 
area of interest for the assessment. These assumptions are consequences of the further 
assumption that radionuclide transport in the geosphere is dominated by advection in 
flowing water that migrates from the near field through a fracture network to the surface 
environment. 



43 
 

 

Figure 2-2. Models and information flows in the overall safety assessment. 
Radionuclide release, transport and dose models are shown in white boxes. System 
descriptions and understanding are shown in light blue boxes, key supporting models in 
green boxes and their principal outputs in dark blue ovals. 
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Figure 2-3. Computer codes for analysis of radionuclide release scenarios. Codes used 
for the analysis of repository system scenarios shown in red and codes used for the 
analysis of surface environment scenarios shown in blue. 
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2.3 Biosphere description 

The main activities in the BSD sub-process are to perform environmental studies and 
monitoring, and provide a description of the surface environment (interchangeable with 
the term biosphere) of the disposal site, by means of scientific synthesis of information 
on the current state of the surface environment and the main features of the past 
development at the site. This gives a basis for the safety assessment by providing 
understanding of the surface environment at the site, which is one main output for the 
BSD sub-process. Details are fully documented in the Biosphere Description report.  

Furthermore, the BSD process also gives input direct to the safety analysis by providing 
the assessment models with site- and regional-specific properties (such as assessment 
species) and data (such as concentration ratios and liquid-solid partitioning 
coefficients). Details on this aspect of the process are fully documented in the Biosphere 
Data Basis report. 

2.4 Formulation of scenarios and identification of cases 

The methodology for formulation of surface environment scenarios and identification of 
calculation cases is discussed in detail in the Formulation of Radionuclide Release 
Scenarios and only briefly summarised in this section. The main inputs when 
formulating surface environment scenarios are understanding of present-day conditions 
at the Olkiluoto site (mainly reported in the Biosphere Description report), how 
features, events and processes affect the evolution of the surface environment and fate 
of substances (mainly reported in the Features, Events and Processes report), all 
constrained by the regulatory requirements on how to conduct an assessment 
(GD 736/2008, Guide YVL D.5). The main output of this process is a set of scenarios 
and identified calculation cases that are to be analysed.  

A scenario represents one time history of conditions (called hereafter a line of 
evolution) or more than one (lines of evolution). Following the guidelines given in 
Guide YVL D.5, three “top level” types of scenarios are considered: a base scenario, 
variant scenarios, and disturbance scenarios.  

Even though the definition of base, variant and disturbance scenarios applies to the 
entire disposal system, the detailed description of the evolution of the repository system 
and of the surface environment can in practice be decoupled. This is mainly since only a 
few FEPs simultaneously act in both the repository system and in the surface 
environment, e.g. crustal uplift affects both surface hydrology and groundwater 
evolution (further justified in Formulation of Radionuclide Release Scenarios, 
Section 2.2.1). Hence, the descriptions of the scenarios are made for the repository 
system and the surface environment separately. 

2.4.1 Constraints and concepts 

The formulation of scenarios for the surface environment aims to achieve consistency 
between the regulatory requirements, the methodology used in the formulation of 
scenarios for the repository system, and the current radiation protection systems for 
humans and the environment. Of special importance are the following statements in 
Guide YVL D.5, which poses important limitations on the scenarios; the key words and 
phrases are underlined.   
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YVL D.5, 306 states: “Disposal of nuclear waste shall be planned so that as a 
consequence of expected evolution scenarios: 1) the annual dose to the most exposed 
people shall remain below the value of 0.1 mSv, and 2) the average annual doses to 
other people shall remain insignificantly low. These constraints are applicable in an 
assessment period, during which the radiation exposure of humans can be assessed 
with sufficient reliability, and which shall extend at a minimum over several 
millennia (GD 736/2008)”. 

YVL D.5, 307 states: “In applying the dose constraints, such environmental 
changes need to be considered that arise from changes in ground level in relation 
to sea. The climate type as well as the human habits, nutritional needs and 
metabolism can be assumed to remain unchanged.” 

YVL D.5, 317 states: “Disposal shall not affect detrimentally to species of fauna 
and flora. This shall be demonstrated by assessing …assuming the present kind of 
living populations.” 

YVL D.5, A1.4 states: …“The scenarios shall be systematically constructed from 
features, events and processes which may be of importance to long-term safety 
and which may arise from 

 interactions within the disposal system, caused by radiological, mechanical, 
thermal, hydrological, chemical, biological or radiation induced phenomena; 

 external factors, such as climate changes, geological processes or human 
actions.”  

It should be noted that the regulations state that human actions are to be regarded as 
external factors to the disposal system. However, the evolution of the surface 
environment, the fate of radionuclides released into it and the exposure of humans, 
plants and animals are strongly coupled with human actions, especially how humans 
utilise the site and its resources. Hence, some human actions are regarded as interactions 
within the disposal system, such as agricultural practices and forest management (see 
Features, Events and Processes). 

Credible lines of evolution. Posiva strives to identify the most likely line of evolution 
for natural FEPs to as large an extent as possible. However, it is the view of Posiva that 
it is not feasible to identify either expected evolution scenarios or all of the possible 
lines of evolution for the entire surface environment; this is mainly due to the inherent 
unpredictability of future human activities. Posiva understands the radiation dose 
constraints to apply to evolution scenarios spanning a reasonable range of potential 
future situations and based on credible lines of evolution. The biosphere assessment 
benefits, for consistency reasons, from applying the scenario types discussed above, but 
also by accounting for how reasonable different lines of evolution appear to be. This 
approach is consistent with the approach suggested in IAEA (2003). 

Radiation impact target. Posiva has adopted a concept for the surface environment that 
resembles the concept of performance targets and safety functions for the repository 
system. The ‘target’ for the surface environment may be perceived as a health-based 
target related to radiation impact on humans, plants and animals. To be able to assess 
this impact, consistency with present-day radiation protection systems is essential. Thus, 
the lines of evolution underlying the scenarios for the surface environment should give 
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rise to a range of exposure situations similar to the range of situations that would be 
considered in assessing the radiological impacts of present-day discharges of 
radionuclides to corresponding types of environment. This is in line with the regulatory 
recommendation that when applying the dose constraints, the human habits, nutritional 
needs and metabolism can be assumed to remain unchanged (Guide YVL D.5, 307). 

Scenario drivers. To evaluate how the surface environment influences radiation impact 
on humans, plants and animals, a set of scenario drivers is identified based on their 
potential effects on the evolution of the surface environment, fate of radionuclides in the 
surface environment and/or influence on the radiation exposure of humans, plants and 
animals. These scenario drivers are typically aggregated FEPs (FEP groups, FEP 
classes), such as land use or human actions. For each scenario driver a set of individual 
FEPs may be identified, for example land use may comprise FEPs such as agriculture 
and forest management. 

2.4.2 Methodology for scenario formulation 

Posiva’s methodology for formulating surface environment scenarios can be 
summarised as follows:  

 Constraints on the scenarios arising from the regulatory framework are identified. 

 The most important scenario drivers, i.e. key scenario drivers, with respect to the 
evolution of the surface environment, fate of radionuclides in the surface 
environment and/or the radiation exposure of humans, plants and animals are 
identified. This work also comprises identifying FEPs that are coupled to the key 
drivers, either in isolation or combined, and could induce changes in a timeline of 
evolution.  

 One or several lines of evolution are defined that describe in timelines the surface 
environment evolution from which one or more scenarios are formulated. One 
credible line of evolution is identified and used to formulate the base scenario for 
the surface environment.  

 Variant scenarios are formulated, mainly by considering reasonable deviations 
from the lines of evolution underpinning the base scenario. Variant scenarios can 
include additional scenario drivers with a potentially significant effect on the fate 
of radionuclides in the surface environment and/or the radiation exposure of 
humans, plants and animals.  

 Disturbance scenarios are formulated, mainly by identifying unlikely FEPs or by 
considering unlikely deviations from the lines of evolution underpinning the base 
scenario. Disturbance scenarios can include additional scenario drivers with a 
potentially significant effect on the fate of radionuclides in the surface 
environment and/or the radiation exposure of humans, plants and animals.  

 A set of biosphere calculation cases is defined to analyse the surface environment 
scenarios. These cases take into account uncertainties in assumptions and models, 
and the uncertainties and variability in parameter values applied in the models. 
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2.4.3 Identifying calculation cases  

As for the scenarios, the calculation cases for the repository and the surface 
environment are formulated separately. Repository scenarios are analysed by means of 
repository calculation cases, where the main assessment endpoint is radionuclide-
specific activity fluxes out of the geosphere. Surface environment scenarios are 
analysed by means of biosphere calculation cases, for which the radionuclide-specific 
activity fluxes from the geosphere are key inputs. 

Using a deterministic assessment approach, a calculation case aims to analyse the 
radiological impacts and to quantitatively assess the impact of individual uncertainties, 
or uncertainties in combination, within the boundaries of the specific scenario to which 
the calculation case applies. The calculation case consists of a conceptual model, a 
corresponding mathematical model with an appropriate calculation endpoint, and a set 
of parameter values. A set of identified calculation cases is usually needed to analyse a 
specific scenario to ensure that the outcome of the quantitative calculations envelopes 
the uncertainties in the scenario. The set of biosphere calculation cases has been 
identified by accounting for the following: 

 variations due to uncertainties, within the boundaries of the scenario, in the 
models associated with the FEPs of the scenario driver;  

 variations due to uncertainties or natural variability, within the boundaries of the 
scenario, in the selected values for parameters in the models associated with the 
scenario driver FEPs, and 

 credible combinations of the above.  

Due to the complexity of the surface environment and the number of FEPs that are 
involved in analysing each scenario, it is not feasible to analyse all credible 
combinations of selected models and parameter values. The approach to identifying a 
manageable set calculation cases in the present assessment can be summarised as 
specifying the following. 

 A reference case, which is one model realisation of the base scenario. Models and 
data for the reference case are, in most instances, selected to be either realistic or 
moderately cautious, i.e. radiological impacts are expected not to be 
underestimated nor excessively overestimated. 

 Sensitivity cases represent alternative models and/or data to those of the reference 
case, but remain within the scope of the base scenario and/or variant scenarios, i.e. 
models and data are consistent with current scientific understanding and are 
within the reasonably expected range of possibilities. Analyses of the sensitivity 
cases illustrate the impact of model and data uncertainties,  

 What-if cases are model representations of disturbance scenarios. Models and data 
for these what-if cases are selected to represent unlikely events and processes. 
What-if cases may also include representations of the base and variant scenarios 
that make use of models and data that go beyond the reasonably expected ranges 
of possibilities supported by current scientific understanding. 



49 
 

The main objectives of the reference case are to provide a reference set of results used 
to demonstrate compliance and with which the results of other calculation cases can be 
compared. By comparing the results of a sensitivity case with those of the reference 
case, the impact of specific model and parameter uncertainties or combinations of 
uncertainties can be illustrated. Sensitivity calculation cases are typically limited to 
assessing the impact on the outcome of the analysis of one FEP at a time, implying that 
not all credible combinations are assessed. When judged useful, sensitivity calculation 
cases are defined to estimate an upper bound for a certain assessment endpoint by 
combining more cautious, but still reasonable, parameter values or models (compared 
with those of the reference case) for more than one FEP. The limited set of sensitivity 
calculation cases that are analysed, and presented in section 6, aims to bound the effects 
of all credible combinations. 

By comparing the results of a what-if case with those of the reference case, the impact 
of more speculative uncertainties, unlikely events and processes or combinations of 
uncertainties can be illustrated. 

It must be noted that there may be models and input data that are useful to employ in the 
assessment to enhance understanding that are not necessarily consistent with the types 
of scenarios and calculation cases defined above, especially for assessing impacts of 
model and data uncertainties or illustrating some aspect of subsystem performance. 
These kinds of situations are treated by identifying complementary calculation cases. 

Link to repository system calculation cases 
Not all repository system calculation cases have to be propagated to the biosphere 
assessment and analysed with one or more biosphere calculation cases. The logic for 
whether a repository system calculation case is propagated to the biosphere assessment 
or not is as follows: 

 The repository system Reference Case (BS-RC) is propagated to the biosphere 
assessment; 

 Repository system sensitivity and what-if calculation cases under the base, variant 
and disturbance scenarios are propagated to the biosphere assessment only if they 
have activity releases to the surface environment during the dose assessment time 
window. 

 Repository system complementary calculation cases are not propagated to the 
biosphere assessment since the main purpose of these is to enhance the 
understanding of the repository system, or certain components of the system. 

Hence, results from the repository system Reference Case (BS-RC) and all sensitivity 
and what-if cases giving geosphere releases within the dose assessment time window 
are analysed in the present report. The main principle is that the BS-RC is analysed with 
all identified biosphere calculation cases, and all other repository calculation cases are 
analysed with the Reference Case for the surface environment (BSA-RC). A few 
exceptions are made to this principle (see section 4.3.5). 
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2.5 Screening analysis  

Posiva strives to ensure that the level of detail of the biosphere assessment is consistent 
with the magnitude of the possible radiation risks. This is in line with the requirement of 
a graded approach for safety assessments (IAEA 2009, Requirement 1). In practice, the 
graded approach is mainly implemented by employing a three-tiered modelling strategy 
for radionuclide transport and dose calculations. The common denominator in tiered 
approaches is that the complexity and realism are greater for higher tiers compared with 
lower tiers. Tier 1 and Tier 2 (described below) are generic radionuclide screening 
analyses requiring a minimum of site-specific data. Tier 3 is based on landscape 
modelling (section 2.7) and the radiological impact analysis described in section 2.8. 
The approach in the present assessment is similar to the graded approach applied in the 
previous biosphere assessment (Hjerpe et al. 2010, section 2.2). Applying a screening 
analysis is advantageous, since experience from previous assessments shows that it is 
expected that the calculated nuclide-specific geosphere releases span several orders of 
magnitude, both in activity and radiotoxicity fluxes, and ultimately it is a small number 
of radionuclides that dominate the potential radiological impact as commonly identified 
by various waste management organisations through cooperation in BIOPROTA. 

The aim of the screening analysis is to identify radionuclides that are highly confidently 
expected to have insignificant radiological impact, and hence can be screened out from 
further analysis with the complex landscape model. The screening avoids the need to 
obtain parameter values for the landscape modelling and radiological impact analysis in 
the present assessment, and evaluate their uncertainties, for elements and radionuclides 
to which the overall assessment results are not sensitive. Furthermore, the outcome of 
screening provides guidance for the development work to improve the data basis for the 
landscape model, and the associated environmental monitoring programme, by 
establishing a set of most likely key elements and radionuclides for the next iteration of 
the biosphere assessment. 

It should be noted that screening models are implemented with a high degree of 
conservatism to ensure that the calculation results undoubtedly overestimate any 
potential radiological impacts. Thus, the outcomes of the screening analyses themselves, 
in terms of annual doses, are not suitable to use in a direct comparison against 
regulatory radiation dose constraints. The resulting doses from the screening models 
should rather be seen as an indication of a pessimistic upper boundary.  

Tier 1. Radiotoxicity screening analysis 
In Tier 1 it is assumed that a hypothetical person is exposed, via ingestion, to the total 
activity released from the geosphere during the whole dose assessment time window. 
Hence, it is assumed that this person is exposed to the entire radiotoxicity of the 
released activity, which is unarguably very unrealistic.  

Tier 2. Generic biosphere model screening analysis 
The model (section 5.4) used in Tier 2 has a higher degree of realism than the Tier 1 
model, but is still sufficiently cautious for screening purposes. It contains a set of 
mainly generic ecosystem-specific sub-models, similar to the screening models 
proposed by the IAEA (2001) that may be used for determining through a simplified but 
cautious assessment whether a radionuclide can be neglected from further consideration 
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or whether more detailed analysis is necessary. The sub-models in Tier 2 comprise a 
water well, a lake, a forest, an irrigated cropland and an irrigated pasture land. Exposure 
pathways considered are ingestion of radionuclides in water, milk, crops, livestock 
meat, game, mushrooms and berries, inhalation of radionuclides and external exposure 
from radionuclides in the ground. The screening decision for a specific radionuclide is 
based on the sub-model resulting in the highest calculated dose. 

2.6 Surface environment development  

The objective in this sub-process is to project the future development of the surface 
environment by extrapolating the past regional development, using the knowledge of 
the present conditions in the surface environment and the understanding of relevant 
FEPs. In order to assess all formulated surface environment scenarios, several 
projections are needed. It is acknowledged that the limited number of projections is only 
a sample of all potential futures. The set of projections produced in the present 
assessment is intended, within the assessment context, to bound the credible trajectories 
of the future, from a radiation exposure of humans, plants and animals perspective. 

Projecting the development of the surface environment is implemented in two 
modelling activities: the terrain and ecosystems development modelling (TESM) and 
the surface and near-surface hydrological modelling (SHYD). These are briefly 
summarised below. The set of projections of the surface environment for the assessed 
scenarios are themselves a key outcome of the biosphere assessment by demonstrating 
that Posiva has a sufficient understanding of the surface environment, both now and 
how it may develop during the dose assessment time window. A sub-set of the 
projections is selected to be propagated to landscape modelling and the subsequent 
radiological impact analysis. In these propagated projections, biosphere objects are 
delineated (as described below). 

Terrain and ecosystems development modelling (TESM) 
In the TESM land-uplift-driven changes and other changes in the surface environment 
are simulated, until and beyond the time when the potential releases would reach it. To 
perform this, a geographical information system (GIS) toolbox named UNTAMO has 
been developed (Terrain and Ecosystems Development Modelling, Chapter 3). Briefly, 
the toolbox consists of the following main components (sub-models): Land uplift and 
delineation of the sea area, Surface water bodies, Terrestrial and aquatic erosion, 
Accumulation of organic matter, Terrestrial vegetation, Aquatic vegetation, Delineation 
of croplands, and Simulation control. The UNTAMO toolbox is used together with the 
surface and near-surface hydrological model. The future terrain and ecosystems are 
simulated with UNTAMO and delivered as input data to the SHYD model to simulate 
groundwater flow and water-table characteristics in detail. These characteristics are then 
used as the groundwater head boundary condition in the deep groundwater flow 
modelling and to provide the biosphere radionuclide transport modelling with water 
fluxes between the model compartments. 

The projections produced in the TESM utilise typical succession lines, identified in 
BSD, Section 2.1, for the development of sea bottom, shoreline, forests, mires, lakes, 
small water bodies and rivers. Humans are assumed to use the landscape based on the 
resources it provides and on need. This gives a link to the exposure pathways, which are 
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assumed to reflect present human habits. The development (both natural and in terms of 
how humans use the land) results in a projection containing the locations of (pre-
defined) distinct biotopes, in which fauna find their habitats. 

Surface and near-surface hydrological modelling (SHYD) 
The SHYD model estimates the movement and storage of water in the surface 
environment; this information is then utilised in the landscape model (section 2.7). 
Horizontal and vertical water fluxes in the overburden and at the ground surface are 
modelled in a 3-D grid with various types of spatial and temporal simplifications 
(conceptualisations) linking the unsaturated and saturated soil water in the overburden 
and groundwater in the bedrock as a continuous pressure system. The SHYD model is 
summarised in section 5.3, with details in the Surface and Near-surface Hydrological 
Modelling, and in Karvonen (2011). 

Biosphere object delineation 
Biosphere objects are areas of homogeneous key properties and development history in 
the surface environment development modelling. It is here sufficient to include areas of 
the surface environment that may potentially be contaminated, either by direct release of 
radionuclides from the repository through the geosphere or by horizontal or irrigation 
transport of radionuclides within the surface environment during the dose assessment 
time window. This means that the location, or locations, where the radionuclides are 
assumed to be discharged from the geosphere to the surface environment need to be 
known prior to the biosphere object delineation. The delineation, i.e., identification and 
characterisation of biosphere objects, is based on the TESM projections and the 
outcome of the geosphere modelling (i.e., the discharge locations to the surface 
environment); this is further discussed in Section 5.2. Each biosphere object is 
characterised by one or more biotopes. The terrestrial biotopes in this assessment are 
rock forest, heath forest, grove, mire, pasture land and cropland (further divided into 
cereals, vegetables, berries and fruits, potato, pea and sugar beet) and the aquatic 
biotopes comprise reed bed, photic hard bottom, photic soft bottom, aphotic hard 
bottom, aphotic soft bottom, shaded river, open river, and open sea. Each object is 
accompanied by a set of object-specific parameters; such as geometrical (e.g., areas, soil 
layer thicknesses, water depths), geomorphological and geochemical (e.g., 
sedimentation rates, densities, solid-liquid distribution coefficients) and biological (e.g., 
vegetation height, root mass fractions and bioturbation) characteristics. Many 
parameters are time series since a large part of the surface environment undergoes major 
development during the dose assessment time window. 

2.7 Landscape modelling 

The biosphere objects delineated in the surface environment development sub-process 
described above are used to construct the landscape model. Defining the initial state for 
the landscape model and how it develops with time is the landscape model set-up 
activity, which is the task interfacing the surface environment development and the 
landscape modelling (see Figure 2.2). The connections between the biosphere objects 
are derived from terrain projections for the period from the present (initial state) to the 
end of the dose assessment time window. These connections determine primarily how 
the biosphere objects are hydrologically connected, i.e., it determines that two objects 
are upstream or downstream in relation to each other. Each biotope in each biosphere 
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object is associated with a deterministic radionuclide transport compartment model (see 
Section 5.5). One important feature of the landscape model is that it includes transitions 
over time from one biotope to another due to the development of the surface 
environment. It is thus crucial that the underlying radionuclide transport models are 
consistent at a conceptual level. In practice, this means that it is important to ensure 
1: that the water fluxes between biosphere objects can be handled in a continuous 
manner, and 2: that the activity content of a specific compartment in a specific biotope 
can be transferred to a corresponding compartment when a biotope develops into 
another type, consistent with the knowledge on ecosystem succession. The landscape 
model is a state-of-the- art, time-dependent and site-specific radionuclide transport 
model that takes the properties of a dynamic site into account.  

The main output of the landscape modelling sub-process is time-dependent 
radionuclide-specific spatial activity distributions in all biosphere objects for the 
analysed calculation cases. These are the key input to the next sub-process, the 
radiological impact analysis. 

2.8 Radiological impact analysis 

An essential matter in order to answer the four fundamental questions raised in 
section 2.1 is producing estimates for appropriate radiation exposure quantities. 
Following the regulatory requirements (section 1.4) humans as well as plants and 
animals need to be considered. This third and final main product of the biosphere 
assessment is the outcome of the radiological impact analysis (RIA) sub-process. Here 
spatially distributed, time-dependent radionuclide-specific activity concentrations in 
environmental media, produced by the landscape modelling (section 2.7), are used to 
assess the potential radiological impact, in terms of annual doses to humans and 
absorbed dose rates to plants and animals, based on present-day radiation protection 
systems. The sections below outline the approaches to estimating these doses and dose 
rates; further details are found in the Biosphere Radionuclide Transport and Dose 
Assessment report. It should be stressed that any estimates of doses for the time window 
in the present assessment, assuming that the exposure occurs at least hundreds of years 
into the future, are not regarded as predictions of radiological impact that should be 
expressed in terms of future health detriment. The results can only be used to give an 
indication of whether the repository is acceptable given current understanding of the 
disposal system on a basis of comparison with regulatory dose constraints. 

2.8.1 Annual doses to humans 

Doses to the public from future releases cannot be measured directly and so the dose 
assessment is considered prospective. Therefore, for the purpose of protection of the 
public, it is necessary to characterise a person, either hypothetical or specific, whose 
dose can be used for determining compliance with the relevant dose constraints 
(section 1.4). The regulations give constraints for two exposed cohorts (annual dose to 
the most exposed people and average annual doses to other people); hence, the dose 
assessment needs to derive two end-points. The assessment of the annual dose to the 
most exposed people is mainly based on the guidance given by the ICRP (2006) on how 
to assess the dose to the ‘representative person’ (see also section 2.1.1). The dose 
assessment applied here is based on the deterministic approach developed and applied in 
Broed et al. (2008) and further refined in the interim safety case (Hjerpe et al. 2010). 
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This concept has been further developed for this assessment, where the main 
improvements are the inclusion of drinking water wells and consumption of farm 
animal products. The dose assessment follows the general process outlined in 
Figure 2-4. Each component (within the red rectangle in Figure 2-4) in the process is 
discussed separately below, and differences regarding the two annual dose end-points 
are discussed as necessary. How the data were utilised and how the doses were 
calculated are further addressed in section 5.6. 

Environmental information 
The key environmental information needed for the dose assessments is radionuclide-
specific radioactivity concentrations in environmental media, such as soils, sediments 
surface waters and well water. In Posiva’s biosphere assessment, this information is 
derived from landscape modelling (section 2.7). In addition to radioactivity 
concentrations in environmental media, production rates of individual food products, to 
derive the total productivity of edible resources, and aggregated concentration ratios of 
radionuclides from environmental media to edible food products, are also needed in the 
dose assessment.  

The productivity of edibles is calculated by summing over all plant parts and animal 
products normally consumed by man. The derivation of the productivity of edibles and 
values are presented in detail in Biosphere Data Basis, Section 19.1. 

The aggregated concentration ratios are radionuclide-specific and biotope-specific, and 
are derived as the productivity-weighted average of the soil-to-edible concentration 
ratios (in terrestrial and agricultural biotopes) or water-to-edible concentration ratios (in 
aquatic biotopes) for all edibles produced in the biotope in question. This approach for 
deriving aggregated concentration ratios describes the average transfer of radionuclides 
from environmental media to foodstuffs consumed in general, assuming that there is no 
preference for any particular food. The derivation of aggregated concentration ratios and 
values are presented in detail in Biosphere Data Basis, Section 19.2. 

 

 

Figure 2-4. General five-step process for assessing annual doses to humans. The red 
rectangle indicates the main activities within the RIA sub-process, whereas the 
environmental information is delivered from other sub-processes (see text) and the 
compliance assessment is made on a higher level in the assessment. 
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Exposure characteristics 
A specific set of individual exposure characteristics5 needs to be selected for the dose 
assessment, such as intake rates of food and water, and the exposure pathways to 
consider. In general, diet, occupancy, and other information needed to estimate 
exposure can be referred to as ‘habit data’ (ICRP 2006). When selecting exposure 
characteristics care has been exercised to be consistent with the regulations; this is 
further addressed below. Care has also been exercised to avoid undue conservatism, 
such as applying extreme percentile values for every parameter; this would lead to a 
significant overestimation of the dose, and unduly burden the safety case. The exposure 
characteristics are mainly based on site-specific conditions, regional land use, and 
present-day behaviour of the regional population. A few exceptions are the assumed 
nutrient and water demands; these are based on average values commonly used in risk 
and safety assessments. This is consistent with the assumptions underlying the 
derivation of the standard intake-to-dose factors, as these are for a reference individual 
with typical habits. Applying present-day behaviour and intake rates are considered to 
be consistent with the regulatory guidance that human habits, nutritional needs and 
metabolism can be assumed to remain unchanged (Guide YVL D.5, 307). Below, three 
key aspects of the exposure characteristics are further described.  

Exposed population. A common approach in prospective dose assessment is to derive 
doses only for an average member of a critical group, or most exposed group, and state 
that, if this group is sufficiently protected, so is the rest of the exposed population, since 
their individual exposure levels are expected to be lower. This is not sufficient to 
comply with the Finnish regulations since it is required that average annual doses to 
other people shall remain significantly low (Guide YVL D.5, 306) and that acceptability 
of these doses depends on the number of exposed people; these doses shall not be more 
than 1/100 to 1/10 of the constraint for the most exposed individuals (Guide YVL 
D.5, 310). The dose assessment applied here aims at deriving the annual doses to each 
potentially exposed person. The number of persons that are exposed is fixed by 
assuming that the exposed population will be no larger than the present-day population 
of the Eurajoki Municipality.  

Exposure pathways. In long-term safety assessment of geological disposal facilities it is 
common that only a few exposure pathways dominate the resulting doses. The 
following pathways are considered in the present assessment: ingestion of food from 
aquatic, terrestrial and agricultural ecosystems, ingestion of drinking water from 
freshwater surface waters and wells, inhalation of contaminated air and external 
exposure from ground. This is considered to be sufficient to satisfy the regulatory 
requirement that, at least, the use of contaminated water as household water, as 
irrigation water and for animal watering and use of contaminated natural or agricultural 
products originating from terrestrial or aquatic environment shall be considered (Guide 
YVL D.5, 308) when deriving end-points for compliance assessment with the dose 
constraints. 

                                                 

5 The term is equivalent to the ICRP (2007) ‘exposure scenario’. This terminology is selected to emphasis that these are not 
scenarios in the same sense as the surface environment scenarios used in the presented assessment. 
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Use of local resources. To ensure that the derived doses are not underestimated, the 
cautious assumption is made that all the consumed food and water originates from 
contaminated areas. Thus, no credit is taken for the consideration that people would 
likely satisfy part of their food demand from imported foodstuffs not contaminated by 
potential releases from the repository, hence lowering their exposure. This assumption 
is considered to facilitate the identification of doses to satisfy the regulatory guidance 
that the dose constraint to most exposed people can be based on e.g. the average 
exposure in a self-sustaining family and a small village community living in the 
environs of the disposal site (in accordance to Guide YVL D.5, 309). Furthermore it is 
assumed that all (contaminated) edibles possibly produced from the different 
ecosystems at the site are consumed by humans, and that humans have no preferences 
regarding the mix of foods consumed. This assumption cautiously over-estimates doses 
to the most exposed group, since they do not discriminate against the most highly 
contaminated foods on grounds of preference, e.g. if a large amount of fish is available 
from the most highly contaminated object, the diet of the most exposed individuals will 
be dominated by fish irrespective of personal preference. 

Dose calculations  
The doses arising from intake of contaminated water and food, and inhalation of 
contaminated air, are calculated as the product of intake of each radionuclide and 
corresponding values of dose coefficients. External exposures from contaminated media 
are calculated using coefficients relating concentration to effective dose rate, for a range 
of relevant geometries. ICRP (2013) states that, in the case of geological disposal, any 
exposures are expected to occur in the distant future and to be associated with levels of 
radionuclides in the environment that change slowly over the time scale of a human life 
time. Given the inherent uncertainties in calculations extending to the distant future, the 
dose or risk to an adult representative person will adequately represent the exposure of a 
person representative of the more highly exposed individuals in the population. The 
present assessment applies the environmental information and exposure characteristics 
discussed above to calculate landscape doses, defined as the pathway-, radionuclide- 
and biosphere-object-specific annual dose to an adult person (see Section 5.6).  

Dose identification and compliance assessment 
To facilitate the assessment of doses to both the most exposed people and other people, 
full dose distributions are derived. The dose distribution comprises the lifetime average 
of annual dose to each potentially exposed person, for each generation during the 
assessment time window, utilising the contaminated area in some manner. The approach 
to identifying the calculation endpoints when assessing annual doses to humans is 
described below. 

The pathway-specific landscape doses discussed above are combined to obtain the 
“total” dose to each person in the exposed population. The approach to identifying the 
dose from all pathways, denoted as the annual landscape dose, EALD, is to identify the 
dose maxima for each pathway at each simulation time step, and sum these. Thus, the 
dose to the most exposed person is the sum of the doses from ingestion of the food 
causing highest dose (this may need contribution from several biosphere objects), 
ingestion of contaminated water (from the one most contaminated freshwater biosphere 
object or shallow well), and the dose from inhalation and external exposure arising from 
staying all the time in the one biosphere object giving the highest dose for this pathway.  
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When deriving EALD it is required that, as far as it is possible, the annual consumption of 
food originates from the contaminated area. Thus, contribution from food ingestion to 
the annual landscape dose may be a combination of contributions from several 
biosphere objects. For example, if a lake produces the food potentially causing the 
highest ingestion dose, but does not produce enough food to satisfy the annual nutrient 
demand of one person, it is assumed that this person eats everything produced from this 
lake and supplements this by consuming food from the biosphere object causing the 
second highest food ingestion dose, which may be another type of ecosystem. Then the 
EALD is calculated for each exposed person, accounting for that resources are first 
allocated to the most exposed person, then the remaining resources are allocated to the 
second most exposed person etc., at each simulation time step (50 years interval) and 
the resulting distribution of EALD between the different persons is the dose distribution. 

The dose distribution is then, at each time step, divided into two groups: the most 
exposed group and other people. The most exposed group is identified as a sub-group in 
the exposed population that receives the highest doses; a size not larger than a few tens 
of people is considered appropriate for this group. The group of other exposed people is 
then identified as the whole exposed population at, or near the site, excluding the most 
exposed group. The annual dose endpoints suitable to use in the compliance assessment 
are defined as:  

 Emost_exp - the annual dose to a representative person within the most exposed group, 
selected to be the average EALD for all individuals in the most exposed group; 

 Eother - the annual dose to a representative person among other exposed people, 
selected to be the average EALD for all individuals in the group of other exposed 
people. 

The maxima of Emost_exp and Eother over the whole dose assessment time window are then 
the annual doses needed to demonstrate compliance with the regulatory dose 
constraints.   

2.8.2 Absorbed dose rates to plants and animals 

The first step in assessing doses to plant and animals is to identify representative 
species. As new land areas will form over time as a result of continued post-glacial land 
uplift, lake and inland mire biotopes not currently present at Olkiluoto will arise. 
Species representative of such biotopes have been identified through Posiva’s survey 
and monitoring program of reference lakes and mires (see Biosphere Description). The 
process by which representative species have been selected for assessment and the 
means by which they have been parameterised to allow dose calculations to be 
performed are described below. 

The diversity of plants and animals in terrestrial and aquatic ecosystems is such that it is 
not possible to consider all species of plant and animal explicitly within an assessment 
(Ulanovsky & Pröhl 2008). Simplification is required to allow dose implications from 
the long-term releases from the proposed Olkiluoto repository to be evaluated. Such 
simplifications are implicit within available assessment approaches and tools, including 
the ERICA (ERICA 2007) and the ICRP Reference Animals and Plants (ICRP 2008) 
approaches.   
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A sensitivity and knowledge quality assessment, as reported in Smith et al. (2010), 
identified conceptual uncertainties associated with the application of the ERICA 
assessment method to post-closure assessments. Based on the information in Smith et al 
(2010), the following criteria were considered to be relevant to the selection of 
representative biota for the Olkiluoto assessment: 

 Species that are strongly identified with the reference area (or that can be 
reasonably predicted to migrate into new biotopes as they are formed through land 
emergence and natural succession – identified from the monitoring programme for 
reference biotopes); 

 Species considered having a greater exposure potential, e.g., organisms with soil-
dwelling habits, for which external exposure may be maximised; Organisms 
occupying likely groundwater discharge areas, particularly water-body margins 
and wetlands (mires), etc.  

 Representation of the different trophic levels as depicted in biotope-specific food 
webs; 

 Species that are socioeconomically important and therefore of particular public 
interest; and 

 Species for which there is reasonable knowledge relating to behaviour within 
ecosystems and for which data on radionuclide transport were considered likely to 
be available either from site-studies or the broader international literature (or for 
which analogue data could reasonably be applied). 

Each thus selected species is represented by an ellipsoid of dimensions and mass 
commensurate with that species. Ellipsoids are then used as a means of calculating two 
sets of dose conversion coefficients (DCCs) that enable absorbed dose rates to be 
calculated (details in Dose Assessment Plants and Animals). 

Identification of typical absorbed dose rates and compliance assessment 
Typical absorbed dose rates have been calculated by deriving an area-weighted dose 
rate for each representative species exemplar throughout the modelled area, excluding 
the parts with no contamination. For example, in the case of an adder that is an occupant 
of grove biotopes, the dose rate within a single grove biotope is multiplied by the area 
of that biotope. This is repeated for each grove biotope across the assessment area and 
the average dose rate for all grove biotopes calculated. For species transient between 
different biotopes, the same approach is taken to calculate the area weighted absorbed 
dose rate per biotope. The relative biotope occupancy is then applied to calculate the 
absorbed dose rate according to time spent in the different biotopes.  

The maxima of the typical absorbed dose rates for the representative species exemplars 
over the whole dose assessment time window are then the quantities that are used to 
demonstrate that exposures are clearly below levels which would cause harm.  Currently 
there are no internationally agreed protection criteria for wildlife although a range of 
screening levels and benchmarks have been proposed for consideration. In the present 
assessment, the derived typical absorbed dose rates are interpreted in regard to both the 
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ERICA/PROTECT screening value of 10 microGy/h and the ICRP DCRL6s, which 
provide a more restrictive screening value for vertebrates of 4 microGy/h (see 
discussion in Dose Assessment for Plants and Animals, Section 3.2).    

The approach to deriving typical absorbed dose rates for representative species is 
broadly commensurate with that applied in deriving annual dose to a representative 
person among other exposed people (Section 2.8.1). 

 

  

                                                 

6 The approach taken by ICRP (2008) was to present order of magnitude dose rate bands for each reference animal and plant. These 
bands are termed Derived Consideration Reference Levels (DCRLs); the lower end of the DCRLs could be interpreted as 
screening values below which significant harm is unlikely. 
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3 SURFACE ENVIRONMENT AT THE OLKILUOTO SITE 

This chapter briefly presents the relevant characteristics of the surface environment at 
the Olkiluoto site, focusing on present-day conditions. The full description of the 
surface environment is compiled in Biosphere Description and its background reports. 

3.1 Regional setting and the Olkiluoto site 

The Olkiluoto site for the disposal facility is located on the coast of the Bothnian Sea, 
Gulf of Bothnia, Baltic Sea, in the Municipality of Eurajoki of the region of Satakunta, 
in southwestern Finland, in Northern Europe. Finland is located between the 60th and 
70th latitudes in the north-western corner of the Eurasian continent, lying in the centre of 
a stable rock area known as the Fennoscandian Shield (Figure 3-1). The Finnish 
Precambrian crust is mainly composed of crystalline rocks, granites, gneisses and 
primarily schists (Simonen 1990, p. 1). 

The development of the Baltic Sea and Finland's terrestrial environment began during or 
after the latest glaciation. The still ongoing postglacial crustal uplift causes new land to 
emerge from below the sea surface, resulting in the occurrence of primary vegetation 
succession and soil formation processes, which usually take centuries to millennia 
before reaching climax stages. The lake basins in southern and in western Finland have 
been isolated from various stages of the Baltic Sea, and new lakes are still developing 
along the coast. 

 

Figure 3-1. Fennoscandia is a geographic and geological term used to describe the 
Scandinavian Peninsula, the Kola Peninsula, Karelia and Finland. Geologically, the 
term also alludes to the underlying Fennoscandian Shield, the part of the Baltic Shield 
of an age of over 1.8 – 1.9 billion years. The figure is based on (Lahtinen et al. 2011, 
fig. 1) and (Lidmar-Bergström & Näslund 2005, ch. 1).  
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Finland exhibits characteristics of both a maritime and a continental climate, with a 
mean temperature in Finland several degrees higher than that of other areas in similar 
latitudes. In Southern Finland the annual effective temperature sum is between 1200 and 
1300 °C days. Annual precipitation is relatively low (500 – 750 mm; Hyvärinen 2008, 
p. 83), 30 – 40% of it falling as snow, causing a peak in run-off during spring (Keränen 
& Korhonen 1951, p. 108).  

The Baltic Sea is now a shallow brackish water system gaining its waters from rivers, 
precipitation and the salty marine water of the North Sea. The volume of the Baltic Sea 
is approximately 21 000 km2. The area of the watershed is five times the sea area, and 
contains intensive agriculture and industrial activities. Thus, it is prone to eutrophication 
(Vehviläinen 2005, p. 20, 22). The number of faunal and floral species is low due to the 
brackish water, but both freshwater species and marine species are present. The 
Bothnian Sea, bordering on southwestern Finland, is separated from the main water 
volume (Baltic Proper) by the island-rich Archipelago Sea and submarine continuations 
of great glacial ridges. Compared with the Baltic Proper, mixing in the Bothnian Sea is 
effective due to the low salinity, meaning that stratification is weaker. The water 
residence time is also shorter (5-10 years vs. 25 years in the Baltic Proper; Vehviläinen 
2005, p. 20, 22).  

About 80% of Finland may be classified as lowland (< 200 m a.s.l.). The eroded 
bedrock surface determines the major features of Finland's relief - the influence of 
overlying soils is much less marked. Bedrock is usually covered by 3 – 4 m thick glacial 
till deposits, which reflect the chemical composition of the underlying rocks. Clay soil 
types are characteristic of southwestern Finland (a third of the surface soils), but 
bedrock outcrops are typical of the coastal areas (Lilja et al. 2009, p. 34). As 
precipitation exceeds evapotranspiration, the groundwater resources are large. The 
groundwater table is generally located quite near to the ground surface (2 – 5 m depth). 

Inland waters cover 10% of Finland's area (Peltola & Ihalainen 2009, p. 44). The 
proportion of lakes is smaller in southwestern Finland than the average for the country 
as a whole (Renqvist 1951, p. 156). Drainage and conversion for agricultural use have 
decreased the areas of lakes. The lakes and rivers are typically small, with small 
watersheds. Lakes are shallow, humus-rich (surrounded by mires and agricultural 
lands), and nutrient-poor with low productivity. Stratification is rare due to the 
shallowness. Due to their small volumes, the lakes rapidly react to changes in the water 
input (runoff from the catchment), which, in turn, causes variations in river discharges. 
Rivers are also humus-rich. The winter-time ice period in Southern Finland is ca. 140 
days, and the shallowest lakes ice from top to bottom. The maximum ice-thickness on 
lakes in Southern Finland is 50 cm on average. (Korhonen 2005, p. 29, 39). 

Forests dominate the landscape of Finland, with 86% of the land area being in forestry 
use (Peltola & Ihalainen 2009, p. 44); this percentage also includes managed peatlands. 
These boreal forests are mainly dominated by Norway spruce and Scots pine. The forest 
industry has had a significant role in the Finnish economy and forests have been 
intensively managed (Holopainen 1981, p. 5). In southwestern Finland the proportion of 
land area that is forested is the lowest in the country at 65% (Peltola & Ihalainen 2009, 
p. 45). 
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Today, drained mires cover 16% and mires in natural state 13% of the land area, and the 
rest has been converted to other land uses. Many mires have been converted into 
agricultural fields by draining, and draining has also caused some of the thinnest peat 
layers to disappear.  Energy from peat comprises 6% of total energy production in 
Finland. In southwestern Finland, the proportion of mires is smaller than the average for 
Finland as a whole (Peltola & Ihalainen 2009, p. 46). 

Its climatic conditions make Finland one of the northernmost areas in the world where 
agriculture is practiced. Of the terrestrial land area, 7.5% is in agricultural use (Niemi & 
Ahlstedt 2010, p. 25). Economically, dairy is the most important production process for 
Finland as a whole. The proportion of agricultural land is higher than average in south-
western Finland. 

Use of game, berries and mushrooms is common, as a continuing historical practice in a 
forest-dominated country. Forest areas also support vigorous game populations that are 
actively managed. Two large mammals, moose and white-tailed deer, make up the bulk 
of the meat in the game catch (77% and 11%, respectively; RKTL 2010a, p. 24, 25), 
which, in turn, accounts for ca. 3% of the meat consumed in Finland (TIKE 2010, p. 7). 
Consumption of fish in Finland is considerable compared with many countries in the 
world (FAO 2009, p. 215). Fish stocks are managed actively. There is commercial 
fishing also in inland waters. Furthermore, due to everyman's rights7 use of local fish is 
common. Fish farming accounts for 8% of the production in tonnes (RKTL 2010b, p. 2) 
and is mainly practiced in coastal areas (RKTL 2010b, p. 11).  

Finland is relatively rural with 41% of the population living in countryside (Niemi & 
Ahlstedt 2010, p. 81). Built-up land and traffic areas account for 5% of the land area 
(Peltola & Ihalainen 2009, p. 44). The average population density is 17 per km². In 
southwestern Finland (Varsinais-Suomi) there is a close connection with agricultural 
and urban areas, meaning that there are great differences in population density within 
small distances. The mean population density is 43 per km².  

The Olkiluoto site 
Olkiluoto is a, for the region, large island (currently approximately 12 km²). It is located 
on the coast of the Bothnian Sea, separated from the mainland by a narrow strait 
(Figures 1-2 and 3-2). Land use on Olkiluoto Island is predominantly characterised by 
activities related to energy production. Concerning other anthropogenic land-cover 
types, there are some agricultural areas and holiday homes. The first parts of Olkiluoto 
emerged from the sea 2 500 – 3 000 years ago as a result of crustal uplift. The most 
common soil types on Olkiluoto Island are fine-textured and sandy tills. 

 

                                                 

7 Freedom to roam, right of public access to the wilderness: Everyone may walk, ski or cycle freely in the countryside where this 
does not harm the natural environment or the landowner, except in gardens or in the immediate vicinity of yards. One may stay 
or set up camp temporarily in the countryside, a reasonable distance from homes, pick mineral samples, wild berries, 
mushrooms and flowers (as long as they are not protected species). One may fish with a rod and line, row, sail or use a 
motorboat on waterways (with certain restrictions), and swim or bathe in both inland waters and the sea. One can walk, ski and 
ice fish on frozen lakes, rivers and the sea. Income from selling picked berries or mushrooms is tax-free. 



64 
 

 

Figure 3-2. An overview map of the Olkiluoto area.  

The local climate is largely affected by the sea; southern winds prevail, and the annual 
average wind speed is 4.0 m/s. The annual average temperature for 1993 – 2010 was 
5.9 °C. The annual precipitation in the period has been on average 550 mm, with a 
maximum daily amount of 52 mm. The relative humidity is on average 84% (Haapanen 
2011, Table 3). 

Intensive forest management and the nutrient-rich soils in addition to the long shoreline 
are reflected in the species composition, biomass and growth rate of tree stands. The 
area of mires is small for Finnish conditions. Concerning terrestrial fauna, Olkiluoto 
does not deviate from the characteristics of other coastal forest areas in southern 
Finland. Commercial forestry is the single most significant factor affecting the current 
wildlife in Olkiluoto, as well as elsewhere in the forested areas in Southern Finland. 
Regarding land birds, Olkiluoto Island is a typical representative of south coastal forest 
areas; even though the number of species is high, the area is not important for the 
occurrence of rare species. A total of six species of small mammals have been found at 
Olkiluoto. More detailed information on terrestrial and avian fauna is presented in 
Haapanen et al. 2009 (section 4.1.6). 

The west and north of the island are exposed and the winds affect currents in the area. 
The discharges of the rivers Lapijoki and Eurajoki increase the concentrations of 
nutrients and solids, especially at the river mouths. Deep sandy bottoms, as well as 
shallow bottoms with mostly soft clay, mud and silt are found. The aquatic flora 
offshore of Olkiluoto ranges from the algae-dominated hard bottom communities in the 
outer archipelago to the vascular plant-dominated soft-bottom communities in sheltered 
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locations. The nutrient concentrations in the water in the sea area off Olkiluoto are 
typical of the coastal waters of the Bothnian Sea (Kirkkala & Oravainen 2005, p. 10; 
Kirkkala & Turkki 2005, ch. 6; Vehviläinen 2005, p. 20-25; Haapanen et al. 2009, p. 
37-38).  

The rocks in the bedrock of Olkiluoto can be divided into two major classes (Aaltonen 
et al. 2010): supra-crustal high-grade metamorphic rocks and igneous rocks. The fault 
zones at Olkiluoto are mainly southeast-dipping thrust faults formed during contraction 
in the latest stages of the Svecofennian Orogeny, approximately 1 800 million years 
ago, and were reactivated in several plastic and brittle deformation phases. In addition, 
northeast-southwest striking strike-slip faults are also common. In the crystalline 
bedrock at Olkiluoto, groundwater flow takes place in hydraulically-active deformation 
zones (hydrogeological zones) and fractures. The larger-scale hydrogeological zones, 
which are related to brittle deformation zones, carry most of the volumetric water flow 
in the deep bedrock. Under natural conditions, groundwater flow at Olkiluoto occurs 
mainly as a response to freshwater infiltration dependent on the topography, although 
salinity (density) variation driven flow also takes place to a lesser extent. 

3.2 Present conditions 

The surface conditions currently prevailing at the Olkiluoto site are described in detail 
in the Biosphere Description reports (mainly Biosphere Description and Haapanen et al. 
2009). The initial state of the surface environment refers to the predicted surface 
conditions in the year 2020, which is when the disposal facility is expected to become 
operational (section 1.4).  

The properties of the future ecosystems within and surrounding the Olkiluoto Island can 
be projected based on the present-day landscape, including lakes and mires. However, 
there are currently no lakes and only a few mires on the island. Due to a lack of 
Olkiluoto-specific data, lakes and mires of various successional stages were selected 
within a larger geographical area as analogues of those expected to form at the 
Olkiluoto site; this area is called the Reference Area (see Figure 3-3). 

The description of the present conditions of the surface systems forms the basis for 
predicting the evolution of, for example, the topography, overburden, hydrology, flora 
and fauna at the site within the climate condition envelope given in Formulation of 
Radionuclide Release Scenarios. The biosphere assessment does not include any 
nuclear facilities at the site, as they are expected to be removed in the future. In this 
chapter the present state of the surface environment is discussed in the light of the 
current conditions, which are not expected to change much by 2020. Unless otherwise 
stated, the following sections are based on the Biosphere Description report. 
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Figure 3-3. Schematic presentation of the Reference Area, the selected reference lakes 
and mires and the catchments of the Eurajoki and Lapijoki Rivers (left), and the main 
area from which agricultural data were obtained (right) (taken from the Biosphere 
Description report). 

3.2.1 Natural conditions and ongoing processes 

Climate and crustal uplift 
Currently Olkiluoto has a continental climate, with some local marine influence due to 
its location on the eastern shore of the Bothnian Sea. In the spring, the sea has a 
somewhat lowering effect on temperatures compared with those inland, and 
correspondingly in the autumn it provides warmth, so that night frosts are less frequent. 
The average annual temperature is 5.9 °C (years 1993 to 2010), the coldest month 
average is -4.2ºC (February) and the warmest month average is 17.1ºC (July). The 
thickness of snow cover and its water content at Olkiluoto have been measured 
regularly since 1990. The snow cover is usually <20 cm (40 mm of water content) and 
the amount of snow varies during winter, with temperatures fluctuating around 0°C 
(Ikonen 2002, Haapanen et al. 2009, section 3.2). Ground frost measurements started at 
Olkiluoto in December 2001. During the monitoring, the greatest measured frost depth 
has been 70 cm, depending on the openness of the area and the soil type. The period 
with ground frost has been from December/January to April/early May. 

The current surface conditions in the Olkiluoto region have been considerably affected 
by processes related to climatic variation, particularly those relating to the previous 
glacial period, the Weichselian. The weight of the past ice sheets substantially depressed 
the bedrock, and it is still recovering from the depression induced by the last glaciation, 
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which ended at Olkiluoto when the current interglacial started about 11 500 years ago 
(Pimenoff et al. 2011, p. 54). The removal of the past glacial load on the bedrock of 
Fennoscandia has resulted in crustal uplift (or rather post-glacial crustal rebound). Due 
to this uplift − with a current rate of 6 mm/y at Olkiluoto (Eronen et al. 1995, p.17) – 
sea-bottom sediments are continuously emerging from the sea and becoming involved 
in a rapid primary succession along the shores. Also, in the shallow offshore zones, such 
as at Olkiluoto, mire formation (including primary mire formation, paludufication and 
terrestrialisation) results in a faster apparent shoreline displacement than land uplift and 
sea-level changes could yield (Miettinen & Haapanen 2002, section 5.3). The 
development of the shoreline induces changes in local biosphere conditions, such as 
ecosystem succession, sediment redistribution and groundwater flow (Haapanen et al. 
2009, p. 38). 

Overburden 
The ice sheet also restructured the overburden and produced some new 
geomorphological features by erosion. The present distribution and nature of soils and 
sediments reflect the bedrock, usually rather locally (Koljonen 1992, ch. 4). At 
Olkiluoto, the bedrock surface is variable in height, but the ground surface gradients are 
subdued, even where the bedrock surface changes abruptly. The depressions in the 
bedrock surface are filled with thicker layers of deposits with varying stratigraphy and, 
as a result of the last glaciation, the highest elevations in the bedrock (up to 18 m a.s.l.) 
emerge through soil layers of modest thickness. The thickness of the overburden is 
usually 2−5 m, but, in some places, thicker soil layers (up to 14 m) have been found 
(Lahdenperä et al. 2005, p. 11). 

The soils are mainly sandy till with some clay, silt, sandy and gravel layers. In some 
isolated depressions, fine-grained glacio-lacustrine sediments are also observed. The till 
is weakly laminated and rich in fines and the clay content is generally 0−18% (Lintinen 
et al. 2003, ch. 7, app.3; Lintinen & Kahelin 2003, ch. 6, app. 2; Lahdenperä et al. 2005, 
p. 19, 62-63; Lahdenperä 2009, ch. 2.1, 3.4, p. 77-88). Slightly chemically altered, 
disintegrated rock layers (the so-called “palarapakallio”) in the contact of the 
overburden with the bedrock have been  observed at some places, with the thickness of 
such layers varying from some centimetres to 2−3 m (Huhta 2005, 2007, 2008, 2009, 
2010, 2012). 

Littoral processes and forest primary succession 
When post-glacial crustal rebound causes the sea to retreat, terrestrial or freshwater 
ecosystems start to develop according to a particular pattern, described in the following. 
The terrestrial succession proceeds through different vegetation compositions, 
depending, for example, on the soil type, degree of exposure, topography, salinity and 
climate (Svensson & Jeglum 2000, p. 16). Reaching the climax stage may take two to 
three centuries of succession (Svensson & Jeglum 2003, p. 280; Aikio et al. 2000, p. 
1092). The general patterns of succession most typical for Southwestern Finland are: 

 Stony or rocky shores that can support some scattered meadow-species depending 
on the extent of areas filled by finer deposits. Otherwise, lichens are the dominant 
group (Toivonen & Leivo 1994, p. 51). Later, mosses and dwarf-shrubs also 
occupy the surfaces, whereas the areas with finer deposits are occupied by bushes 
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and trees.  Scots pine is the climax tree species of these rock forests, but the stand 
stocking depends on the amount of loose soil (Kontula et al. 2005, p. 93). 

 On till shores, the littoral stages are dominated by graminoids and low-growing 
shrubs. The primary forested stage is dominated by broadleaves, followed by a 
secondary forested stage, usually dominated by Norway spruce (Svensson & 
Jeglum 2000, p. 4). These heath forests include several fertility classes. Fewer 
successional stages occur on sand, because the lower limit of vegetation is located 
higher up the shore (Vartiainen 1980, p. 75). Scots pine heath forests will 
eventually dominate on these less fertile, dry soils (Aikio et al. 2000, p. 1092). 

 Fine sediment surfaces are typically dominated by common reed and other 
vascular plants. After the shore phases, black alder or other deciduous species 
dominate first and spruce invades gradually. The resulting forest type is a grove or 
grove-like heath forest (Haapanen 2007). These soils may undergo primary mire 
formation. 

Surface hydrology and hydrogeochemistry 
Recharge computations carried out with the surface hydrology model show that the 
Olkiluoto bedrock groundwater system is transport-limited and the overburden supply-
limited (Karvonen 2008, p. 23). Thus, there is more supply of water from the 
overburden to the bedrock than the bedrock system can transmit, which is due to the 
low hydraulic conductivity in the bedrock compared with that of overburden soils 
(Ikonen et al. 2010, p. 75). The supply-limited overburden groundwater system implies 
that more precipitation would result in greater runoff and evapotranspiration. In general, 
the groundwater table follows the topography with few exceptions. Over the majority of 
the island there is less than 2 m of overburden above the average groundwater surface 
(Karvonen 2011, p. 68; Penttinen et al. 2010, fig. 3-22, 3-23).  

The shallow groundwaters are fresh (TDS8 <1000 mg/L) but occasionally slightly 
brackish (TDS 1000 – 10 000 mg/L). The pH of the samples varied from 4.9 to 8.0. In 
some cases, the lowest groundwater pH values (<5.5) were observed near the 
overburden surface, where surface waters could mix with the groundwater (Penttinen et 
al. 2012). In coastal areas, such as Olkiluoto, the chloride concentrations are typically 
higher than in inland areas. The chloride concentrations varied from 1.2 to 149 mg/L 
(Penttinen et al. 2012, section 3.5).  

Freshwater bodies 
Olkiluoto Island forms a hydrological unit of its own − the surface waters flow directly 
into the Bothnian Sea. On the basis of topography and flow directions in ditches, the 
island is divided into several local drainage basins (catchment areas). The main water 
divide splits the island into northern and southern parts. In the northern part, ditches and 
small streams form obvious routes for surface runoff, but, in the southern part, the 
routes are more diffuse, especially near the shoreline, due to the subdued relief. 

                                                 

8 Total dissolved solids 
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Mires 
Primary mire formation is a process in which the fresh soil surface is occupied directly 
by mire vegetation after emergence from water. Paludification refers to the conversion 
of a forest to a mire ecosystem, occurring mainly in places where topography directs 
enough runoff to create waterlogged conditions (Huikari 1956, p. 11, 13). 
Terrestrialisation means a hydroseral succession from open water basin to mire; it is 
regulated by biological or sedimentation processes (Haapanen et al. 2010, p. 21). The 
peat accumulation rate is affected by the composition of mire vegetation and species-
specific decomposition properties (Johnson & Damman 1991). Peat bogs in 
southwestern Finland have increased their thickness by about 0.3−1.5 mm/y, with the 
highest rates found in young, coastal areas (Mäkilä & Grundström 2008, ch. 4). Further 
information on the development of peat bogs in southwestern Finland is presented in 
Mäkilä & Grundström (2008, ch. 2-4) and Haapanen et al. (2010, sections 6.2 and 7.2), 
and, regarding the reference mires selected as analogues to those forming at the 
Olkiluoto site in the future, in Haapanen et al. (2011). 

The relative area of mires at Olkiluoto is less than in south-western Finland on average 
(Saramäki & Korhonen 2005, p. 14). Because the area has been under active 
management, the proportion of undrained mires is also lower (Saramäki & Korhonen 
2005, Figure 6). The peat layers are shallow (Tamminen et al. 2007, Table 5) and the 
mires are small, which makes the estimation of mire coverage difficult. Despite the 
small amount of mires, the range of mire types is wide, and there are both forested and 
treeless mires, as well as seashore swamps (Miettinen & Haapanen 2002, section 4.3). 
Eutrophic treeless reed-rush or sedge-herb swamps are common on the island. Close to 
the seashore, these swamps, which are usually small in area, were originally coves cut 
off from the sea by land uplift. Olkiluodonjärvi is the widest reed-rush swamp in the 
inland area (Miettinen & Haapanen 2002, sections 4.4 and 5.3). The mires are the least 
species-rich habitats at Olkiluoto (Haapanen et al. 2009, p. 87). 

3.2.2 Land use and human habits 

Farming practices 
Farming is an important part of food production; approximately 90% of the diet of 
23−64 year-old Finnish men and women is derived from agriculture (Paturi et al. 2008, 
p. 36-37, 42-43). 

Cultivation 
Croplands are at the moment scarce in the vicinity of the Olkiluoto site, which limits the 
availability of site-specific data. The statistical agricultural information used in the 
biosphere assessment is collected from the region, comprising the municipality of 
Eurajoki and the four nearby municipalities Rauma, Eura, Säkylä and Köyliö. In 
Eurajoki and southern Satakunta, cereals are the main agricultural product. A high 
proportion of sandy soils in the region has encouraged the cultivation of field 
vegetables, peas, potatoes and sugar beet. Grassland and pastures used in milk 
production comprise 10% of the cultivated area. Other crops consist mainly of oilseed 
crops, a biotope resembling cereals and usually a part of the crop rotation on cereal 
farms. 
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Most agricultural soils are drained to improve crop production. Soil management by 
tillage depends on crop rotation. For the types of agricultural production of the crops 
that are most common in the southern Satakunta region, such as cereals and special 
crops, tillage is annually carried out over 80% of the field area (TIKE 2011, p. 4). 
Fertilisers are used in the region; fertiliser rates of cereals for main nutrients are 
80-120 kg N/ha, 5-30 kg P/ha and 40-100 kg K/ha. The fertiliser rates of grassland and 
vegetables can be a factor of two higher in high-yielding conditions. At the moment, 
most fertilisers used are granular compound fertilisers containing nitrogen, phosphorus 
and potassium in various mixtures. 

Animal husbandry 
Animal production in the municipalities near the Olkiluoto site (Rauma, Eura, Säkylä 
and Köyliö) includes the most common farm animals of Finland. The average herd size 
of dairy cows per farm is about 20 animals, which is typical of the whole Satakunta 
Employment and Economic Development Centre (EEDC). Pork production in southern 
Satakunta is less intensive than within the Satakunta EEDC as a whole. Poultry 
production is rather intensive within the Satakunta EEDC and more than half of the 
laying hens and all broilers are produced in the southern Satakunta area. 

Animal farms must produce or purchase a considerable amount of feed. In-farm 
produced concentrates are cereal grains, whereas purchased concentrates consist of 
protein supplements, commercial concentrate feeds, by-products and cereal grains from 
other farms. In addition to drinking water demand, animal farms also use a significant 
amount of water for cleaning and manure handling. 

Fish farms 
Fish farming, or aquaculture, refers to the raising of fish for food in enclosures, ponds 
or tanks. In Finland, fish farming is usually carried out in offshore fish cages. Fish are 
fed artificially with pellets that are made of fishmeal and oil (Goldburg & Naylor 2005, 
p. 23). In the vicinity of Olkiluoto, the commercial fish farming is focused on the 
coastal area of the Bothnian Sea. The main farmed fish species are rainbow trout and 
European whitefish (RKTL 2011a, table 6). 

Natural food resources 
Fishing 
In Finnish statistics, fishing is divided into two major categories: commercial and 
recreational fishing. In general, commercial fishing with seine nets is the only fishing 
method in the open sea area and the major part of the catch is Baltic herring and sprat 
(RKTL 2011b, table 6). In 2010, the total catch from the open sea area of the Bothnian 
Sea, including the Olkiluoto area, was 46 700 tonnes. In the coastal area of Olkiluoto, 
both commercial and recreational fishing are practiced, and the most important fishing 
gear is a net (Haapanen 2011, p.63). In the 2000s, the annual commercial fish catch has 
been 1040 tonnes (Haapanen et al. 2009, p. 204). The most economically important 
species are European whitefish, perch and pike (Haapanen 2010, p. 60-61). In 2009, the 
total catch from recreational fishing in the Olkiluoto area was 4 tonnes and the most 
important prey species were Baltic herring, perch and pike (Haapanen 2010, p. 60). 
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Hunting 
In Finland, mammals and birds are hunted both for food and for population 
management, and some also for trophies and hides. Moose and deer populations are 
extensively exploited by man and approximately the whole annual population growth is 
harvested by hunters each year. It is estimated that about 3050% of the mallard and 
teal populations are harvested annually by hunters after the breeding season 
(Mooij 2005). In the case of small carnivores (racoon dog and fox), the amount that is 
harvested after the breeding season is estimated to be 40−50%. At Olkiluoto, hunting 
has no economic significance at present. 

Berries and mushrooms 
In Finland, there are about 50 indigenous wild berry species, 37 of them being edible 
ones (Salo 1995, p. 122). However, only 16 of these are commonly picked for human 
consumption (Salo 1995, p. 122). Economically the most important species are 
lingonberry, bilberry, cloudberry, cranberry, wild raspberry, Arctic bramble, rowan 
berry and sea buckthorn. Finland has about 2000 mushroom species (macrofungi), 200 
of these being edible (Salo 1995, p. 136). However, only some 30 species are accepted 
as commercial edible mushrooms by the Finnish Food Safety Authority (Evira 2007). 
The picking of berries and mushrooms has, however, no economic significance at 
Olkiluoto at present. 

Water resources 
Communal water distribution 
The average amount of water used per person is about 150 l/d (Kuismin et al. 2008, 
p. 10), of which only about 5% is used for drinking and food preparation. Communal 
water acquisition aims to secure high-quality household water for drinking, food 
preparation and washing. Over 90% of Finnish households have access to a communal 
water distribution system (Isomäki et al. 2007, p. 9). Water services include the supply, 
purification and distribution of water. Water is extracted either from surface water, such 
as rivers or lakes, or from groundwater reserves. The quality of groundwater is usually 
better than that of surface waters. In the municipality of Eurajoki, where Olkiluoto is 
situated, the communal water distribution is based on groundwater taken from several 
groundwater areas. In Eurajoki around 98 % of the households receive their household 
water through the communal distribution (Eurajoki municipality, oral response to a 
query, 6 March 2012). 

Wells 
The privately drilled wells at Olkiluoto that are in active use have been included in the 
monitoring programme of Posiva; the results are presented in Haapanen (2011, figs. 45-
48, table L-4). Generally, the water of the monitored wells is not potable. In an 
interview study in 2003 (Ikonen 2003), 11 drilled wells were found in the Olkiluoto and 
Ilavainen Islands with depths of 1673 m. Three of these were used only for summer 
residences, and six households with a drilled well were also connected to the communal 
water distribution system (Ikonen 2003, table VI-2). 

Other sources of drinking and irrigation water 
Spring water is sometimes used for drinking, mostly during recreational activities, such 
as hiking, and to supply some cottages. Posiva is monitoring three springs in the vicinity 
of Olkiluoto. Typical of springs in current or recent use, these three springs have a built 
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support for drawing water, a concrete ring or a wooden collar and a lid to facilitate the 
drawing of water. The results of the monitoring are given in Haapanen (2011, app. I) 
and Haapanen et al. (2009, table 6-9, p. 176). 

Farm animals need high-quality drinking water and thus wells or springs are preferred. 
Irrigation using water from springs or wells is not common as the water demand for 
irrigation events is high compared to the typical water supply from springs or wells. A 
typical irrigation event demands about 300 m³ of water per hectare. Thus, surface waters 
are mostly used as the irrigation water source. The water from lakes, ponds and rivers is 
usually clean enough for irrigation purposes. In addition, the amount of water is 
sufficient in these sources, although in growing seasons with low rainfall, the irrigation 
water from small rivers and ponds can become scarce. 

Dietary habits 
The dietary habits and nutrient intake of the adult Finnish population have been studied 
in five-yearly surveys since 1982, with the latest in 2007 (Paturi et al. 2008). Finnish 
adults have, on average, six eating occasions per day, and two thirds of the daily energy 
is derived from main meals (Paturi et al. 2008, p. 25). According to Männistö et al. 
(2003, p. 21-22), practically everyone in the population consumes bread and milk 
products. Men tend to eat more energy-rich products such as meat, sausages, potato and 
sugar and women consume more vegetables, berries and fruit. 

About one-third of the daily food energy intake in a Finnish adult’s diet originates from 
cereal and bakery products, and another one-third from meat dishes and milk and dairy 
products (Paturi et al. 2008, p. 105). The most consumed cereals are wheat and rye. In 
terms of meat products, there are no distinctive differences between the amounts of 
beef, pork and poultry that are consumed, but mutton and game are used less often 
(Paturi et al. 2008, table 4.6). Potato is the most typical side dish, although rice and 
pasta are also generally consumed (Paturi et al. 2008, p. 34; Männistö et al. 2003, 
p. 113). 

Recreational use 
Outdoor recreation is a part of the Finnish life-style; 97% of the Finnish people 
participate in outdoor activities and visit nature during the course of the year (Pouta & 
Sievänen 2001). The most common outdoor activities are walking, swimming, dwelling 
at a holiday home, bicycling, picking of berries and mushrooms, observing and/or 
enjoying nature, boating, fishing, cross-country skiing, sun bathing and going to picnics 
(Sievänen 2002, p. 299). In the vicinity of Olkiluoto, holiday cottages are concentrated 
on the coastline, and this is also the case for the Olkiluoto Island, where most of the 
holiday homes are located on the coastline of the eastern part of the island (Biosphere 
Description, Fig. 3-9). 

Raw material resources 
In Finland, peat is harvested for energy and horticultural and environmental purposes 
(Korhonen 2008). At Olkiluoto, however, there is currently no on-going peat 
production. Finnish wood ends up in sawn timber, paper and paperboard, fuels, 
exported pulp, plywood and panels, exported roundwood, other uses and waste. Nearly 
half of the total volume of wood is burned, but this is mainly due to combustion of the 
forest industry’s wood wastes, such as bark and spent liquor (Ylitalo 2010, p. 264). 
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Other uses of natural raw materials include the use of wild plants for the production of 
folk medicine and textiles, the use of ashes, salts, clays, tar and spirits for folk medicine 
and in natural therapy, the use of common reed as a cattle fodder, building material and 
especially for thatching and also in handicraft and decoration (Häkkinen 2007, 
p. 69-72). Other uses include also the cultivation of small agricultural areas as 
biodiversity habitats, where farming is done under conditions of agri-environmental 
protection and biodiversity enhancement. 

Other land use 
Olkiluoto Island and its surroundings are a mixture of heavily altered industrial areas, 
areas used for dwelling and agriculture, and also uninhabited, lightly or unutilised 
natural areas. 

The residential areas are connected by the local road network, electric lines and other 
infrastructure. The power line network is dense in the whole Satakunta region due to its 
high degree of industrialisation, and especially in and near Olkiluoto due to the power 
production. The road network is comprehensive, but outside the dwelling and business 
centres only the main connecting roads are paved. Many of the islands are suitable 
places for recreational housing and access to the electricity network is quite often 
available for the occupants. 

The western part of Olkiluoto Island is the most heavily constructed area in the region 
along with the town of Rauma; large areas have been excavated and paved, the 
infrastructure is extensive and a large number of people work in the area. There are also 
villages for accommodating several thousand workers at Olkiluoto, but only a few 
permanent dwellings. The eastern part of the island is under more typical land use such 
as forests, fields and mostly recreational housing, but some of the infrastructure needed 
for the nuclear industry and the local harbour is also present along with research 
installations set up by Posiva. 

3.2.3 Identification of biotopes within ecosystem types 

Appropriate input data need to be defined for the biosphere assessment modelling, or 
rather, data sets that are consistent internally and with the assessment scenario are 
required. To facilitate this, the ecosystem types have been divided into biotopes which 
refer to uniform environmental conditions providing a living place for a specific 
assemblage of plants and animals. This then defines the data sets needed to model 
radionuclide transport and the exposure of humans, plants and animals. It is useful to 
present also the present-day properties of the biosphere according to these biotopes.  

Following the idea of forest site classification based on the fertility of the growth site, 
the soil and sediment types are taken as the basis for the biotope classification; the 
properties of the substrate determine to a great degree the type and growth of the 
vegetation, which, in turn, defines the available habitats for the fauna. Based on the 
identified soil and sediment types (see Biosphere Description), forest and mire biotopes 
were first defined following the approach adopted in the previous biosphere assessment 
(Haapanen et al. 2009, Table 11-7). Based on experience, the former two heath forest 
types were merged. This approach to classification was then extended to the aquatic 
ecosystems: based on the fertility and attachment possibilities of plants and bottom 
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fauna on the sediment type, and on the lighting conditions in the water column, 
combinations of hard and soft bottom types and photic (well-lit) and aphotic (dark) 
bottoms were outlined. In addition, dense emergent vegetation areas (typically reed 
beds) were identified as a clearly separate biotope that is rather homogeneous regarding 
the bottom type on those sheltered littoral areas where it occurs. The identified present 
ecosystem types and biotopes are discussed briefly in the following section. For more 
detailed descriptions, the reader is referred to Biosphere Description, Section 2.4. 

3.2.4 Description of ecosystem types and biotopes at present 

In respect of some features, properties and parameters, the biotopes can be grouped in 
various ways. Table 3-1 presents the hierarchy of the naming conventions applied in the 
biosphere assessment for the biotopes. 

Open sea 
Open sea can be defined as a relatively deep and exposed open water area with nearly 
unlimited water exchange. Open sea does not include littoral areas: water depth is 
usually more than 10 metres and the degree of physical exposure is high. Species 
diversity is low due to the homogenous environment and absence of photic bottoms. All 
primary production is phytoplankton-based and it is restricted to the layer of surface 
water. The open sea biotope is described in more detail in Biosphere Description, 
Section 2.4.1.  

Table 3-1. Terminology of biotopes and ecosystems applied in the biosphere 
assessment. 

Biotope Ecosystem sub-type Ecosystem type Ecosystem category 

open sea 

open water 

sea 

aquatic 

photic soft bottom 

sea 
coastal 
(coastal 

sea) 

photic hard bottom 
aphotic soft bottom 
aphotic hard bottom 
reed bed littoral 
photic soft bottom 

open water 
lake 

photic hard bottom 
aphotic soft bottom 
aphotic hard bottom 
reed bed littoral 
open river 

open water river 
shaded river 
mire mire 

forest forest 

terrestrial 

rock forest 
upland forest heath forest 

grove 
pasture pasture cropland 

agricultural 

cereals cultivated cropland cropland 
sugar beet cultivated cropland cropland 
potato cultivated cropland cropland 
peas cultivated cropland cropland 
(field) vegetables cultivated cropland cropland 
berries and fruits cultivated cropland cropland 
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The hard bottoms consist typically of Precambrian and sedimentary rocks, till, and 
stony and gravelly sediments. In the soft bottoms, the sediments are very fine and fine 
tills and sands, glacial silts, clays and gyttja clays, mixed glacioaquatic sediments, 
gaseous9 sediments or recent clays/gyttja/mud. 

Primary production takes place during the well-lit open water season, i.e. during the ice-
free period (Haapanen et al. 2009, p. 28). Due to the absence of photic bottoms, the free 
water phytoplankton species are the only primary producers in the open sea. Regarding 
the fauna, both marine and freshwater species meet their physiological limit in the 
brackish water environment and the diversity of the open sea fauna is low 
(HELCOM 2009, p. 12); the homogenous environment and the aphotic bottom offer 
few habitats for species. Zooplankton forms an important link between the primary 
producers and the fish (HELCOM 2009, p. 43). In general, two fish species are common 
in the open sea area: Baltic herring and sprat, both of which are small and pelagic 
species (HELCOM 2009, p. 55). Information on the open sea avian species is scarce. 
Common eider, the most numerous waterfowl in the area, occupies the outermost islets 
of the Bothnian Sea and migratory bird species rest in the open sea areas. Grey seal is 
the most common aquatic mammal. 

Coastal area 
In general, the coastal sea area is an area between the open sea and the coastline.  The 
coastal area is directly connected with the sea; the water level follows the sea level and 
salinity is about 0.3-0.6 % (Vuori et al. 2006, p. 20). The depth is usually less than 10 m 
(cf. Figure 3-3; Vuori et al. 2006, p. 20). 

In the coastal area at Olkiluoto, the hard bottoms commonly consist of areas dominated 
by exposed bedrock or sedimentary rock (about 1520% of the whole sea floor) and till 
(about 4050%). The soft sediment bottoms, with mud, clay, gyttja-clay and gaseous 
sediments, cover 1520% of the sea bottom offshore at Olkiluoto and the percentage of 
soft bottoms increases towards the inner archipelago (Rantataro & Kaskela 2009, p. 18). 

The general condition of the Bothnian Sea coastal waters and the loading from the 
mainland by the Eurajoki and Lapijoki rivers, as well as the local waste-water loading, 
affect the water quality and biological production of the Olkiluoto coastal area 
(Haapanen et al. 2009, sections 6.6.2, 6.7.2). Compared with the open sea, the level of 
primary production is higher in the coastal areas due to higher nutrient levels (Haapanen 
et al. 2009, section 7.3.3) and the presence of macroalgae and macrophytes. 

Coastal aquatic faunal communities are a mix of freshwater, brackish and marine 
species and the diversity is higher than in the open sea (Bonsdorff 2006, p. 387; 
HELCOM 2009, section 3.3., p.55; Ojaveer et al. 2010, fig 5, p. 12). Zooplankton 
communities are practically uniform in all coastal biotopes. The coastal bottom fauna at 
Olkiluoto are dominated by bivalve molluscs, gastropod snails, amphipods and 
polychaete worms (Ilmarinen et al. 2009, p. 17; Kangasniemi 2010, Table 3). 

                                                 

9  Some of the clays and muds are rich in organic matter causing gaseous, so-called acoustically“bubbling” sediment” (Rantataro & 
Kaskela 2009, p. 15). 
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Around 50 fish species have been recorded with Baltic herring, roach, perch and pike 
being the most ecologically and commercially important (Lehtonen 2005, p. 102). 

Lakes 
Lakes can be defined as relatively uniform permanent freshwater basins, typically larger 
than one hectare; a formal definition of lakes is given in Data Basis for the Biosphere 
Assessment. Because of the information available, a comprehensive definition of the 
various types of lakes has not been formulated10 and distinguishing of lakes from rivers 
and small water bodies is on a rather intuitive basis. In Finland, the minimum area of a 
lake is commonly considered to be one hectare (Särkkä 1996, p. 19); smaller freshwater 
formations are ponds or other small water bodies. Compared with the ponds, where the 
water circulation is caused mainly by convection driven by temperature differences, the 
water circulation in lakes is mainly caused by the prevailing winds (Särkkä 1996, p. 19). 

In Finland the lakes are mostly developed on bedrock fault lines or in rift valleys. In 
Southwestern Finland the lake basins were isolated during the various stages of the 
Baltic Sea, mainly during the Ancylus Lake and Littorina Sea phase, as a result of post-
glacial crustal rebound. At present, freshwater ecosystems are few in the Olkiluoto area 
and there are no natural lakes on the island. Therefore, reference lakes of various 
successional stages have been selected from the Reference Area as credible analogues 
of those expected to develop at the Olkiluoto site (Biosphere Description; Haapanen et 
al. 2010, ch. 6 and 7; Haapanen et al. 2011, p. S649). These reference lakes, like coastal 
areas, are heterogeneous with both hard and soft bottoms. All the selected reference 
lakes are mesotrophic or eutrophic and the major part of the bottom areas is soft 
(Ojala 2011, section 4.2). Due to the suitable substrate and nutrient conditions, the 
diversity and the biomass of macrophytes is high. The wide reed beds and soft bottom 
areas provide diverse habitats and shelter for fauna (Haapanen et al. 2009, Sections 
6.2-6.5). Common macro-zoobenthos species are insect larvae (mainly chironomids) 
and oligochaetes. The fish community is dominated by perch and roach, and other 
common species are ruffe and pike (Sydänoja et al. 2004, p. 23; Salmi 2006, p. 83). 

Rivers 
A river is a flowing and permanent freshwater environment with low water retention 
time. Compared with lake morphology (bathymetric and horizontal), rivers are linear 
and the flow direction is practically constant (Särkkä 1996, p. 114). A river is an open 
system: water exchange and water level fluctuation is continuous and the rate of water 
flow, and nutrient and organic matter concentrations vary constantly (Särkkä 1996, 
p. 114). 

The physical and chemical properties of rivers depend mainly on the geology of the 
catchment area, the climate and anthropogenic factors. Eurajoki and Lapijoki, the 
regionally large rivers discharging next to Olkiluoto Island, flow through a flat terrain 
of intensively cultivated fields, consisting of thick clay and fine-grained soils. 
Phytoplankton production in the Rivers Eurajoki and Lapijoki is significant and it is 
comparable with eutrophic lakes (Haapanen et al. 2009, p. 170). In shaded areas, the 

                                                 

10 In Finland, the best technical definition of lakes that has been identified so far (in Finnish) is on the website of the Finnish 
Environmental Administration (http://www.ymparisto.fi/default.asp?node=8108&lan=fi). The list of definitions matches with the 
definitions in this report, but the list is not cited here, because of its interpretation problems and complexity.  
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macrophyte community is scarce due to relatively poor light conditions (Kirkkala & 
Ryömä 2011, p. 13). In the Rivers Eurajoki and Lapijoki, the macro-zoobenthos and 
fish communities are diverse (Haapanen et al. 2009, p. 167). The fish community 
consists of common lake species and a few lotic species (Haapanen et al. 2009, p. 168), 
and its structure depends on, e.g., the stream depth, water quality and substratum 
(Paavola 2003, p. 20). Moreover, the river fauna includes waterfowl (typically white-
throated dipper), common frog (Haapanen 1982, p. 77), otter (Haapanen et al. 2009, 
p. 170) and beaver (Ermala & Below 2000, p. 31). 

Small water bodies 
Small water bodies are considered to be all those water formations that do not meet the 
conceptual and technical definitions of the sea, lakes or rivers. According to the Finnish 
water act (Water Act 27.5.2011/587), a flowing water formation with a catchment area 
smaller than 100 km² is defined as a stream. A brook is a water formation with a 
catchment area smaller than 10 km²; the water is not continuously flowing and the 
movement of fish is not possible to a significant extent. In the Reference Area, five 
types of small water bodies have been described (Biosphere Description, section 2.4.5); 
flads are nearly isolated shallow coastal bays, ponds are standing water bodies smaller 
than a lake, streams are natural and ditches are artificial running water bodies smaller 
than a river, and springs are relatively small groundwater-based formations. 

Small water bodies are an interface between the terrestrial and aquatic environments and 
these unique conditions provide habitats for an unusually large number of endangered 
and biotope-specific species (Muotka & Virtanen 2008, p. 13). Allochthonous material 
can play an important role in these biotopes (Särkkä 1996, p. 98). The small water 
bodies are a group of varied and distinct environments with biotype-specific flora and 
fauna, although ponds resemble the lake biotopes and the streams and to an extent also 
brooks resemble the river biotopes. Most of the springs are likely related to near-surface 
groundwater circulation, but deeper groundwater flow can also reach the ground surface 
through a spring (Haapanen et al. 2009, p. 174). Due to low nutrient levels the 
phytoplankton production in springs is low (Haapanen 2009, p. 175). The stable and 
distinct environment of springs provides habitats for rare and biotope-specific macro-
zoobenthos, macrophyte, bryophyte and faunal species (Hirvenoja 2002, figs. 4, 5, 7, 
p. 21; Auvinen 2006, p. 67; Muotka & Virtanen 2008, p. 13). 

Mires 
Peatland is a term used to encompass peat-covered terrain, and usually a minimum 
depth of peat is required for a site to be classified as peatland, often selected to be 30 
cm. Mire is a term for wet terrain dominated by living peat-forming plants. In one sense 
mire is a slightly broader concept than peatland, because peat accumulation can occur 
on sites that do not have the required depth of peat to qualify as peatland. In another 
sense, peatland is the broader concept: a drained site, for instance a site being used for 
peat harvesting is still a peatland, but having lost its original peat-forming vegetation it 
is no longer a mire (Rydin & Jeglum 2006, p. 5). 

The Reference Area belongs to the raised bog zone. Raised bogs are further 
distinguished into plateau bogs, concentric bogs and eccentric bogs based on the cross-
sectional profile. All of these sub-types are found in the Reference Area, the concentric 
bogs being dominant. Vegetation on mires varies from densely stocked, lush forests 
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through poorly growing pine stands to treeless areas, typically dominated by white 
mosses (Sphagnum sp.) or sedges. A variety of tree species are possible, Scots pine, 
Norway spruce, birches, alders, aspen and willows being the most common (Hökkä et 
al. 2002, p. 292). Fauna common to mires in Southwestern Finland are described in 
more detail in Haapanen et al. (2009, section 4.2.3). 

Upland forests 
The present forest soils of Olkiluoto are dominated by fine-grained tills (Haapanen et al. 
2009, fig. 4-3). The soil-forming processes started in the Reference Area when the land 
emerged from the water during the evolution of the Baltic Sea. The formation of podzol 
− the most common soil profile under Finnish conditions − may take centuries (Starr 
1991, p. 102; Mälkönen & Tamminen 2003, p. 138), which means that the process is 
still ongoing in large areas of Olkiluoto. Indeed, according to the survey by Tamminen 
et al. (2007, p. 33), the most common soil types on Olkiluoto are weakly developed 
(often at the beginning of podzolisation) coarse to medium-coarse Arenosols or fine-
textured Regosols, shallow Leptosols and Gleysols characterised by a groundwater table 
close to the surface. In Finland, forests are dominated by spruces and pines. 

Wildlife on Olkiluoto Island is similar to that in the surrounding regions both in terms 
of community composition and species richness (Haapanen et al. 2009, p. 90-91). The 
most recent bird survey conducted on Olkiluoto was in 2008 (Yrjölä 2009). Results 
indicated that chaffinch and willow warbler were the most abundant terrestrial bird 
species. The results of the game animal survey (Nieminen 2010) indicate that the 
following mammalian species are present on the island: moose, white-tailed deer, roe 
deer, red fox, raccoon, European badger, American mink, pine marten, mountain hare, 
brown hare and red squirrel. 

Croplands 
In Finland, the use of land for cropland is decided according to the soil type and demand 
for crop products. In certain areas, there has been a trend towards increased animal 
production, whereas in other agricultural areas crop production is dominant. As 
mentioned above (section 3.2.2), croplands are at the moment scarce in the Olkiluoto 
area and the information used in the biosphere assessment is collected from the 
municipality of Eurajoki and the four nearby municipalities Rauma, Eura, Säkylä and 
Köyliö. The agricultural production in southern Finland is closely comparable to the 
production in southern Satakunta, as the soil types (Haapanen et al. 2009, p. 42-43; 
Kähäri et al. 1987, p. 9, 64) as well as the climate (Rantanen & Solantie 1987, p. 23; 
Kangas et al. 2012, p 16) are rather similar in southern Finland. In Eurajoki and 
southern Satakunta, cereals are the main crop product. A high proportion of sandy soils 
(Haapanen et al. 2009, p. 225; Kähäri et al. 1987, p. 9) in the region has encouraged the 
cultivation of field vegetables, peas, potatoes and sugar beet. Thus, grassland and 
pastures used in milk production form only 10% of the cultivation area (Figure 3-5). 
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Figure 3-5. The proportion of agricultural biotopes in Eurajoki and the Southern 
Satakunta Municipalities in 2009-2010 (www.matilda.fi). 

3.2.5 Representative species  

By definition, representative species must either currently exist at the site or be 
compatible with conditions characteristic of the site. As such, ecological monitoring and 
surveys of the region (see for example Biosphere Description and Haapanen et al. 2009) 
have been a key factor in the selection of representative biota. Plant and animal species 
may be considered ‘representative’ on the basis that they represent common organism 
types, or endangered or rare species (often identified as species of ‘public interest’), 
sensitive species or on the basis of other selection criteria, such as importance in the 
food web. Since this set of categories tends to favour comprehensive species 
identification, it is also necessary to establish criteria to limit the number of organism 
types under consideration. For dose assessments for plants and animals, the selected 
representative species appropriate to Olkiluoto are presented in Tables 3-2 and 3-3. The 
selection criteria adopted are discussed in Biosphere Description, Section 4. 

  

Eurajoki

Cereals

Sugar beet

Potato

Peas
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Berries & fruits

Pasture

Others

Southern Satakunta
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Table 3-2. Representative plants and animals and their principal ecosystem occupancy; 
terrestrial (T), mire (M), brackish (B) and freshwater (F).  

Representative species Organism type 
Principal ecosystems 

occupied 
Adder Reptile T, M 
Aquatic pulmonate gastropod Benthic gastropod F 
Aquatic sowbug Benthic isopod F 
Baltic herring Pelagic fish B 
Baltic macoma Benthic bivalve mollusc B 
Bank vole Herbivorous mammal T, M 
Beaver  Herbivorous mammal T, F 
Benthic isopod Benthic isopod B 
Bladder wrack Macroalgae B 
Blue-green algae Phytoplankton B, F 
Brown Bear  Omnivorous mammal T, M 
Canadian water-weed Submerged macrophyte F 
Carex Emergent macrophyte F 
Chickweed wintergreen Herb T, M 
Chironomids Benthic insect larvae F 
Clasping-leaf pondweed  Submerged macrophyte B, F 
Club rush Emergent macrophyte B, F 
Common Carder bee Pollinating insect T, M 
Common cattail Emergent macrophyte F 
Common Eider  Wading bird B 
Common frog Amphibian T, M, F 
Common heather Dwarf shrub T, M 
Common reed Emergent macrophyte B, F 
Duck mussel Benthic bivalve mollusc F 
Earthworm Annelid T, M 
Eurasian watermilfoil Submerged macrophyte B 
European fingernail clam Benthic bivalve mollusc F 
European flounder Benthic fish B 
Foolish mussel Benthic bivalve mollusc B 
Green algae Phytoplankton F 
Grey seal Carnivorous mammal B 
Hazel grouse Herbivorous bird T, M 
Mallard duck Wading bird F, B 
Marenzelleria Benthic polychaete B 
Marine isopod Benthic isopod B 
Mink Carnivorous mammal M, B, F 
Moose Herbivorous mammal T, M 
New Zealand mudsnail Benthic gastropod snail B 
Otter Carnivorous mammal M, F 
Perch Pelagic fish B, F 
Pfeiffer’s amber snail Gastropod mollusc T 
Pike Pelagic fish B, F 
Raphidophyte Phytoplankton F 
Red fox Omnivorous Mammal T, M 
Red-stemmed feather moss Moss T, M 
Reindeer lichen Lichen T, M 
Roach Pelagic fish B, F 
Ruffe Benthic fish B, F 
Scots pine Tree T, M 
Signal crayfish Benthic crustacean F 
Sludge worms Benthic oligochaeta B, F 
Sphagnum moss Peat moss F 
Stonewort Macroalgae B 
Water flea Zooplankton B, F 
Water vole Herbivorous mammal M, F 
Wavy hair-grass Grass T, M 
White-tailed eagle Carnivorous bird T, M, B, F 
Wood ants Invertebrate T, M 
Yellow water lily Floating-leaved macrophyte B, F 
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3.2.6 Surface environment-geosphere interactions 

The measurements of microbial activity obtained so far from Olkiluoto (Pedersen et al. 
2008, 2010) support the hypothesis of a varying shallow depth zone for microbial 
activity that differs significantly from conditions at greater depths in several respects. 
This near-surface zone lies between the oxygenic, photosynthetic surface biosphere and 
the anaerobic, reduced deep biosphere. Rainwater transports oxygen and organic and 
inorganic material from the surface downwards and reduced gases, such as methane and 
hydrogen, from deep geological and biological processes ventilate to the atmosphere 
upwards through this zone. Microbial populations can be hypothesised to be more 
numerous, diverse and active in shallow groundwater, where oxygen, organic carbon 
and methane mix, compared with the underlying, deeper, anaerobic groundwater. The 
microbial reduction of oxygen during the degradation of organic material and methane 
is hypothesised to be continuous in shallow groundwater. Chemical reduction of oxygen 
also takes place, but is limited by the availability of ferrous minerals. These processes 
contribute to anaerobic and reducing conditions deeper in the bedrock, including those 
at repository depth, and are also likely to continue to contribute in the future. 

Overburden plays an important role in the water-rock interaction process and thus has 
an effect on the groundwater composition (see more on water-rock interactions in the 
Olkiluoto Site Description). 
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4 SCENARIOS AND CALCULATION CASES 

This chapter first presents briefly the climate evolution underpinning the scenario 
formulation (Section 4.1) and then gives an overview of the scenarios formulated for the 
surface environment (Section 4.2), based on the methodology described in Section 2.4 
(see Formulation of Radionuclide Release Scenarios for more details). Section 4.3 then 
presents the calculation cases identified for use in analysing the scenarios. 

4.1 Climate evolution during the first millennia 

Alternative lines of future climate evolution has been projected in (Pimenoff et 
al. 2012), using climate models applicable for relatively short-term periods (MPI/UW 
and UVic) and with climate models for the long-term (CLIMBER-SICOPOLIS; 
CLIMBER-2 EMIC; see Section 5.3).  

In the MPI/UW and UVic models, the effects of changes in the forcing conditions (e.g. 
enhanced greenhouse gas concentrations) on the climate system have been simulated. In 
general, climate simulations of the future suggest that the global climate will be warmer, 
with greater warming the greater the amounts of atmospheric greenhouse gases that are 
present, and that the global climate is going to stay warmer than the pre-industrial 
climate for centuries or millennia (Solomon et al. 2010, Mikolajewicz et al. 2007, Eby 
et al. 2009).   

For a quadrupling of the atmospheric CO2 concentration (to 1200 ppm), the global 
climate sensitivity lies most likely in the range of 4.2 to 9.4 degrees, the best estimate 
being 6.3 degrees. The projected increase in the global mean surface temperature is not 
projected to be evenly distributed around the globe. Over the high latitude land areas, 
applying to Olkiluoto, the temperature variation is enhanced roughly by a factor of two 
(Meehl et al. 2007). 

Climate simulation results 
The climate of Fennoscandia is affected by the North Atlantic Meridional Overturning 
Circulation (AMOC) leading to a warmer climate than elsewhere at the same latitudes. 
Several model simulations suggest that during the 21st century, the MOC is going to 
weaken. In the control simulation and in the low emission scenario simulations 
(scenario S2; see Figure 4-1), the AMOC showed only temporary weakening, remaining 
almost unchanged during the whole simulation. In the high emission scenario 
simulations (S1), the AMOC collapsed around the year 2250 and showed no recovery 
by the year 5000. In the intermediate emission scenario simulations (S3), the shutdown 
of the AMOC depended on the climate state at the beginning of the simulation; in three 
out of five simulations the AMOC collapsed, indicating that the system was close to a 
bifurcation point. The simulated collapse of the AMOC led to substantial cooling of the 
climate over parts of the North Atlantic region, including Fennoscandia. However, all 
model simulations suggest that even if the AMOC were to collapse, a temperate climate 
would continue at Olkiluoto during the next several millennia.  

 



84 
 

 

Figure 4-1. Results of the CLIMBER-SICOPOLIS simulations (Pimenoff et al. 2011) 
and MPI/UW and UVic simulation results (Pimenoff et al. 2012). Simulated evolution of 
the a) atmospheric CO2 concentration, b) annual mean temperature relative to the mean 
of the control simulation, c) annual precipitation relative to the mean of the control 
simulation (RCA3), d) annual mean shortwave net radiation at the surface relative to 
the mean of the control simulation and e) status of the AMOC (North Atlantic 
Meridional Overturning Circulation). Note the nonlinearity of the x-axis. 

-20
-10

0
10
20
30

2000 2500 3000 3500 4000 4500

A
nn

ua
l p

re
ci

pi
ta

tio
n 

an
om

al
y 

(%
)

c)

0
200
400
600
800

1000
1200
1400
1600
1800

2000 2500 3000 3500 4000 4500

CO
2
co

nc
en

tra
tio

n 
(p

pm
)

Control S2 CLIMBER(400ppm)
S1 S3 CLIMBER(280ppm)

RCA3(warm-RecentPast)

a)

-2
-1
0
1
2
3
4
5
6

2000 2500 3000 3500 4000 4500

A
nn

ua
l m

ea
n 

te
m

pe
ra

tu
re

 an
om

al
y 

(C
el

siu
s)

b)

-20

-10

0

10

20

2000 2500 3000 3500 4000 4500

d)
5000 7000 9000 11000

5000 7000 9000 11000

5000 7000 9000 11000

5000 7000 9000 11000A
no

m
al

y 
of

 a
nn

ua
l 

m
ea

n 
sh

or
t w

av
e 

ne
t. 

ra
d.

 o
n 

th
e 

su
rfa

ce
 (%

)

e) S1

  A
M

O
C

S3

S2

ON*
ON

ON OFF

ON

temporary reduction*
2000 2500 3000 3500 4000 4500

Time (AD)
5000 7000 9000 11000

Control ON



85 
 

In simulations with low, intermediate and high emissions, the climate at Olkiluoto is 
projected to be 0 to 5 degrees warmer with a 0 to 20% higher precipitation rate than at 
present during the next 3000 years (until the calendar year of about 5000).  Furthermore, 
in the low and intermediate emission simulations in which the AMOC did not collapse, 
the climate at Olkiluoto was projected to stay 0 to 2 degrees warmer with a 0 to 10% 
higher precipitation rate than at present between the years 5000 and 12 000. In the high 
emissions scenario, in which the AMOC collapses, the climate at Olkiluoto might cool 
to near the present day climate or 0.5 to 1 degree cooler between the years 5 000 and 
12 000. Consistent with this, the CLIMBER-SICOPOLIS simulations (climate - ice 
sheet model; Ganopolski et al. 2010), downscaled by statistical methods described in 
(Pimenoff et al. 2011, Section 3.2), projected that the climate at Olkiluoto will stay 
within temperate conditions (with approximately the current temperature and 
precipitation) during the next 10 000 years, whereas a warmer climate would be related 
to higher precipitation rates than currently occur. 

As shown by the results, there are large uncertainties in the climate projections for the 
next few millennia, due both to uncertainties in the natural variation of climate and in 
future emissions and the simplicity of the models. When projecting the feedback effects 
on ecosystems, uncertainty is also caused by the unpredictability of human actions. 
Nevertheless, following the regulation (Guide YVL D.5, 307), for assessment purposes 
the future climate can be assumed to be as at present, and data (e.g. precipitation) 
representative of present climate are used as input to the base scenario for the surface 
environment. Because the intermediate emission scenario S3 is in-between S2 (low 
emissions) and S1 (high emissions), it is deemed sufficient to use these two latter 
climate scenarios in the formulation of variant scenarios for the surface environment. 
For the climate data used in the biosphere assessment see Biosphere Data Basis, 
Section 14.2. 

4.2 Surface environment scenarios 

This section gives an overview of the main assumptions used in formulating the 
radionuclide release scenarios; these are discussed in more detail in the Formulation of 
Radionuclide Release Scenarios report. 

4.2.1 The base scenario 

The surface environment scenarios are formulated independently from the repository 
system and are limited to the dose assessment time window, hence covering the first ten 
millennia after emplacement of the first nuclear waste canister.  

The base scenario represents a credible line of evolution for the entire surface 
environment, where the most likely lines of evolution for natural FEPs are included to 
as large an extent as feasible. 

Key statements in the regulations are that the environmental changes due to sea-level 
changes relative to the land (i.e. allowing for land uplift) should be considered, and that 
climate type as well as human habits can be assumed to remain unchanged (Guide YVL 
D.5, 307). Posiva judges that it is appropriate to assume the current climate type in the 
region of the Olkiluoto site in the scenario formulation. Furthermore, Posiva judges that 
it is proper that present-day human habits and other characteristics, such as in respect of 
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land use and demographic data, are assumed in the scenario formulation. If available, 
use of site-specific or regional-specific information is preferred. 

The past development of the climatic and surface environmental conditions, focusing on 
the time span since the last deglaciation until present and current conditions in the 
region of the Olkiluoto site are presented in Biosphere Description, along with the 
current activities and habits of people in the region of the Olkiluoto site. This forms the 
knowledge basis especially on land uses and exposure pathways to people. Furthermore, 
the regulations state (Guide YVL D.5, 317) that the assessment of radiation exposures 
of flora and fauna shall assume present kinds of living terrestrial and aquatic 
populations in the disposal site environment. Posiva interprets this as making it 
appropriate to identify a set of representative species based on present-day conditions at 
the Olkiluoto site and in the region (Section 3.2.3). This is discussed in detail in Dose 
Assessment for Plants and Animals. 

The main features, events and processes (FEPs) assumed to drive the scenario 
formulation are associated with the evolution of the natural environment, the climate 
and how humans behave, especially how the land is utilised. The two key drivers 
identified are sea-level change (local) and land use. 

The key driver sea-level change (local) is a FEP coupled to several other FEPs. The 
FEPs identified to have the strongest influence on the sea-level change at the Olkiluoto 
site are climate evolution (Features, Events and Processes, section 10.2.1) and land 
uplift and depression (Features, Events and Processes, section 10.2.4). The line of 
evolution selected for the base scenario for the key driver sea-level change (local) is 
based on the continuance of the current climate.  

The key driver land use is an aggregated FEP (FEP group, FEP class) comprising a 
wide range of individual FEPs related to how humans behave. The FEPs regarding land 
use at the Olkiluoto site identified to be most important in scenario formulation are crop 
type, irrigation procedures and livestock (all three addressed in Features, Events and 
Processes, Section 9.2.4), forest and peatland management (Features, Events and 
Processes, Section 9.2.5), construction of a well (Features, Events and Processes, 
Section 9.2.30) and demographics (Features, Events and Processes, Section 9.2.33). 
The line of evolution selected for the base scenario for the key driver land use is based 
on the continuance of present conditions and land use practices. 

It should be noted that the FEPs mentioned above are also used in identifying 
alternative lines of evolution for the key drivers to be addressed when formulating 
variant and disturbance scenarios. More FEPs are taken into account in the detailed 
formulation of the scenarios, and subsequently when defining the calculation cases used 
to analyse potential radiological impacts of the scenarios. 

4.2.2 Variant scenarios 

Variant scenarios for the surface environment are based on alternative credible lines of 
evolution arising from reasonable variations of the FEPs coupled to the key scenario 
drivers. Consideration has also been given to additional scenario drivers. The variant 
scenarios are listed in Table 4-1 and briefly described below (for more details, see 
Formulation of Radionuclide Release Scenarios). 
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Table 4-1. Variant scenarios identified for the surface environment, the drivers that the 
scenarios address and the most important FEPs in terms of uncertainties that affect the 
drivers. The numbers in parenthesis after the FEP name in the last column relate to the 
FEP numbers in Features, Events and Processes.  

Variant scenario  Scenario driver(s) FEPs 

VS(A) Discharge locations to 
the surface environment 

Discharge locations Defective canister location in the 
repository layout (a) 

VS(B) Sea-level change Sea-level change (local) Climate evolution (10.2.1) 

VS(C) Land use (agriculture) Land use Agriculture and aquaculture (9.2.4) 

VS(D) Land use (well) Land use Construction of a well (9.2.29), Well 
(9.2.30) 

VS(E) Route of radionuclide 
transport 

Element migration and 
accumulation 

Alternative radionuclide transport 
routes in biosphere terrestrial and 
aquatic compartments affect a 
number of terrestrial and aquatic 
processes 

VS(F) Exposure characteristics Human habits Dietary profile (9.2.3) 

VS(G) Combined scenario Sea-level change (local) 

Land use 

Agriculture and aquaculture (9.2.4),
Climate evolution (10.2.1), Land 
uplift and depression (10.2.4) 

(a) See BS-LOC1 and BS-LOC2 in Assessment of Radionuclide Release Scenarios for the Repository 
System, Section 8.1.  

VS(A) - Discharge locations to the surface environment 
Scenario driver: Discharge locations 

The discharge locations of radionuclide release from a canister with an initial 
penetrating defect may be affected by the position of the defective canister in the 
repository, which affects the groundwater flow path(s) by which contaminants will be 
carried to the surface environment (see for example Nykyri et al. 2008, Figures 4-15 
and 4-16). The base scenario assumes discharge locations based on one, cautiously 
selected, position of the deposition hole for the defective canister; this deposition hole is 
associated with three potential near-field and geosphere transport paths to the surface 
environment (see Section 5.1 and Assessment of Radionuclide Release Scenarios for the 
Repository System, Section 6.2). The implication of uncertainties in the location of a 
defective canister, and hence the discharge locations to the surface environment, on the 
radiological impact is addressed in this variant scenario. 

VS(B) – Sea level change 
Scenario driver: Sea-level change (local), 

This variant scenario assesses the impact of different local sea-level changes (see 
Figure 18 in Pimenoff et al. 2012) on surface environment development, due to 
uncertainties in the climate evolution. The climate evolution is, in the time window 
being considered, mainly affected by the evolution of the atmospheric CO2 
concentration; this scenario assumes that the emission of greenhouse gases may be 
either significantly higher or marginally lower (see S1 and S2 in Figure 4-1) than the 
emission of greenhouse gases determining the current climate underlying the base 
scenario. 
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VS(C) – Land use (agriculture) 
Scenario driver: Land use 

This variant scenario addresses uncertainties in how humans use the land, focusing on 
different agricultural aspects. Specifically, this scenario addresses assumptions on 
cultivation practices and crops types. The base scenario assumes that the criteria future 
human generations use for selecting suitable arable land areas are consistent with 
present-day practices, and that they will cultivate a representative mix of the present-
day regional production of crops (Section 5.2 and Formulation of Radionuclide Release 
Scenarios, Section 6.1.4). This variant scenario assumes that humans apply alternative 
criteria for selecting arable land areas, leading to a different area of the site being 
cultivated, or that crop types may locally be specialised. This scenario also assumes that 
the crop type cultivated at any location in the model may vary; the base scenario 
assumes that once a field has been assigned to a specific crop type, this does not change 
with time. 

VS(D) - Land use (well) 
Scenario driver: Land use 

This variant scenario addresses uncertainties in how humans use the land, focusing on 
the construction of wells to extract household water. In the base scenario, it is assumed 
that the number of wells at or near the Olkiluoto site is consistent with the present-day 
average well density in south-western Finland. The implication of the uncertainty in the 
well density on the radiological impact is addressed in this scenario. 

VS(E) – Alternative radionuclide transport routes in biosphere compartments 
Scenario driver: Element migration and accumulation  

This variant scenario addresses uncertainties in the assumptions underlying radionuclide 
transport in the surface environment. In the base scenario, it is assumed that the 
radionuclide releases from the geosphere enter the biosphere through a deep overburden 
in terrestrial and agricultural ecosystems or into deep sediment in aquatic ecosystems. In 
this variant scenario alternative compartments receiving the initial releases are assumed 
(e.g. the radionuclides are released direct to the rooting zone in terrestrial and 
agricultural ecosystems).  

VS(F) – Exposure characteristics 
Scenario driver: Human habits 

This variant scenario addresses uncertainties in the human diet. In the base scenario, it is 
assumed that all (contaminated) edibles possibly produced from the different 
ecosystems at the site are consumed by humans, and that humans have no preferences 
regarding food (i.e. they make the maximum possible use of local foods irrespective of 
the degree to which this results in a diet biased towards a particular food type). This 
scenario assumes that humans in future generations have the same preferences regarding 
consumption of various food groups as the present-day Finnish population. It is here 
assumed that all individuals in the exposed population have the same dietary profile, for 
example an average dietary profile of the present-day Finnish population or a profile 
corresponding to high-rate consumers of certain food groups. 
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VS(G) – Combined scenario 
Scenario drivers: Sea-level change (local), Land use  

This variant scenario addresses uncertainties in the climate evolution, land uplift and 
agricultural aspects. For each scenario driver, and the key FEPs affecting it, 
assumptions are made to individually maximise the arable land area, while remaining 
consistent with current scientific understanding and within the reasonably expected 
range of possibilities. The sea-level change takes into account the climate data in S1 
(see Data Basis for the Biosphere Assessment, Section 10.1) and the land uplift model is 
based on Pohjola et al. (2012) (see Data Basis for the Biosphere Assessment, Ch. 9). 

4.2.3 Disturbance scenarios 

In the disturbance scenarios for the surface environment, unlikely FEPs and lines of 
evolution that may have a significant effect on the fate of radionuclides in the surface 
environment and/or the radiation exposure of humans, plants and animals are addressed. 
The identified disturbance scenarios are listed in Table 4-2 and briefly described below 
(for more details, see Formulation of Radionuclide Release Scenarios). 

DS(A) – Sea-level change 
Scenario drivers: Sea-level change (local) 

This disturbance scenario assesses the impact of changes in local sea-level on the 
surface environment development, especially due to uncertainties in the climate 
evolution. The evolution of the different contributions (i.e., Northern Hemisphere ice 
sheets, Southern Hemisphere ice sheets and thermal expansion) to the global sea level 
results in almost no difference with respect today’s sea level and it is even lower in 
most cases (note that the rate of land uplift at Olkiluoto is the same in all cases). Thus, 
in this scenario a higher sea level is artificially constructed by assuming the timing of 
some events resulting in a high sea level and listed as the main uncertainties in Pimenoff 
et al. 2012. 

Table 4-2. Disturbance scenarios identified for the surface environment, the drivers that 
the scenarios address and the most important FEPs in terms of uncertainties that affect 
the drivers. The numbers in parenthesis after the FEP name in the last column relate to 
the FEP numbers in Features, Events and Processes.  

Disturbance  scenario  Scenario driver FEPs 

DS(A) Sea-level change Sea-level change (local) 

 

Climate evolution (10.2.1) 

 

DS(B) Land use (agriculture) Land use 

 

Agriculture and aquaculture (9.2.4) 

 

DS(C) River direction Human actions Dredging 

DS(D) Exposure 
characteristics 

Biotope occupancy Migration of fauna (9.2.16) 

Habitat occupancy 

DS(E) Combined scenario Sea-level change (local) 

Land use 

Agriculture and aquaculture (9.2.4), Climate 
evolution (10.2.1), Land uplift and 
depression (10.2.4) 

DS(F) Inadvertent Human 
Intrusion 

Human actions Inadvertent human intrusion (10.2.5) 

Exposure from radiation sources (9.2.27) 

DS(G) Deep well Land use Construction of a well (9.2.29), Well (9.2.30) 
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DS(B) – Land use 
Scenario driver: Land use 

This disturbance scenario addresses uncertainties in how humans use the land, focusing 
on agriculture. The base scenario assumes that the criteria future human generations use 
for selecting suitable arable land areas are consistent with present-day practices and that 
they will cultivate a representative mix of the present-day regional production of crops 
(Section 5.2 and Formulation of Radionuclide Release Scenarios, Section 6.1.4). This 
scenario assumes that no land area at, or near, the disposal site is used for cultivation of 
crops or for pasturage.  

DS(C) – River direction 
Scenario driver: Human actions 

This disturbance scenario assesses the impact on the outcome of the assessment due to 
uncertainties in the evolution of the surface water bodies, focusing on the River 
Lapijoki. The assumption in this scenario is that the river may, compared with the base 
scenario, change direction during the evolution of the surface environment. 

DS(D) – Exposure characteristics 
Scenario driver: Biotope occupancy 

This disturbance scenario assesses the impact on the doses to plants and animals due to 
uncertainties in the biotope occupancy of plants and animals and in the migration 
pattern of animals. In the base scenario it is assumed that plants and animals have 
specific occupancy preferences (e.g. that some aquatic species are found in freshwater 
but not brackish water), but that they may be found in any suitable part of the 
contaminated area of the model domain. Thus, it is also accounted for in the base 
scenarios that animals may migrate and spend time in different biosphere objects. This 
scenario cautiously assumes constant occupancy of plants and animals in the most 
constraining (in terms of absorbed dose rate) biotope. 

DS(E) – Combined scenario 
Scenario drivers: Sea-level change (local), Land use  

This disturbance scenario aims at maximising the area for terrestrial ecosystems during 
the assessment time window. The scenario is formulated by combining alternative 
assumptions to those of the base scenario, such as assuming lower sea level, faster 
coastline displacement and no croplands.  

DS(F) – Inadvertent human intrusion  
Scenario driver: Human actions 

Human intrusion is in TURVA-2012 limited to inadvertent actions. A project was 
designed within the BIOPROTA11 forum with the objectives of examining the technical 
aspects of why and how human intrusion into deep geological repositories might occur, 
considering how and to what degree exposure would arise to the people involved in 
such intrusion, identifying the processes that define the range of uncertainties; and 

                                                 

11 International collaboration forum which seeks to address key uncertainties in the assessment of radiation doses in the long term 
arising from releases of radionuclides as a result of radioactive waste management practices. 
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hence developing and documenting a reference approach for evaluation of human 
intruder doses. This work is published in Smith et al. (2013). The most likely cause of 
intrusion is taken to be various forms of geological or other investigation by borehole 
drilling. The reasons for investigation have little effect on how radiation exposure 
would most likely arise as a consequence. In Smith et al. (2013), scenarios regarding 
exposure from material brought to the surface are presented, including scenarios for 
those people having direct contact with contaminated material brought to the surface by 
drilling, and others who might be exposed due to contaminated material being left at the 
drill site. In this disturbance scenario it is assumed that borehole drilling reaching 
repository depth is conducted somewhere within the footprint of the repository, using a 
plausible current drilling technique, and that spent nuclear fuel is brought to the surface.  

DS(G) – Deep well 
Scenario driver: Land use 

Wells are constructed in the bedrock (by drilling or driving) or dug in the overburden 
and are used for extracting household water and watering animals. Here, the unlikely 
event that a deep (> 300 m) well is drilled at, or in the vicinity of, the site is addressed. 
It is assumed that the well intersects a water-conducting feature somewhere deep in the 
geosphere and that the water drawn from the well has passed through the repository. 

Two wells, a household well and an agricultural well, are identified in this disturbance 
scenario, both focusing on a small group of exposed people. The assumption for the 
household well is that it is used by one family, or a few families, to supply household 
water; hence, drinking water is the only exposure pathway. The assumptions for the 
agricultural well are that it is used by one family to supply household water, water for 
irrigating crops and for watering cattle; hence, exposure pathways include ingestion of 
drinking water, crops and animal products. 

4.3 Calculation cases 

A stated above it is not feasible to identify the most likely lines of evolution for the 
entire surface environment (Section 2.4), thus it is not possible to rank the base and 
variant scenarios according to their likelihood of occurrence. In order to facilitate a clear 
communication of the safety assessment results, the biosphere Reference Case 
(BSA-RC) is the calculation case used to interpret the base scenario for the surface 
environment, and the other biosphere calculation cases are identified as sensitivity cases 
arising under variant scenarios, and what-if cases under disturbance scenarios. 

The Reference Case together with the sensitivity cases are the principal computations 
used to demonstrate compliance with regulatory requirements. The calculation cases for 
the variant scenarios aim also to investigate the impact of individual uncertainties, or 
uncertainties in combination, and the numerical results are used to demonstrate 
robustness of compliance with the regulatory requirements. Finally, the disturbance 
scenarios are used to demonstrate robustness to extreme situations (either in the 
biosphere or in the repository). The associated cases are what-if cases, and, as such, they 
do not necessarily have to show compliance with regulatory radiation dose constraints.  

The identification of calculation cases, as well as the analysis of them, are implemented 
as a step-wise process taking into account the connection between each sub-process (c.f. 
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Figures 2-1 and 2-2). In each sub-process, the FEPs to be addressed within the scenario 
description are identified and models and parameter values are selected accordingly. 
This is done independently for the terrain and ecosystems development modelling 
(TESM), the surface- and near-surface hydrological modelling (SHYD), the landscape 
modelling (LSM) set-up, the radionuclide transport (RNT) modelling, and the 
radiological impact assessment (RIA). It is also ensured that the settings for each sub-
process model are consistent both with each other and with the scenario to be analysed. 

A major development in the present assessment is that a comprehensive number of 
TESM calculation cases have been identified and analysed; these are separately 
addressed in Section 4.3.1. It must be noted that the projections from only a few 
calculation cases analysed in the TESM have been selected to be propagated to the sub-
sequent biosphere assessment modelling. Biosphere calculation cases including the rest 
of the biosphere assessment modelling chain are then identified for each scenario (see 
Sections 4.3.2 to 4.3.4). It should be noted that not all variant and disturbance scenarios 
(see Tables 4-1 and 4-2) are analysed with the full modelling chain; some scenarios are 
formulated and analysed only with TESM.  

The source term or input for the analysis of the biosphere calculation cases is the result 
of the repository calculation cases that give radionuclide releases within the dose 
assessment time window. Because the Reference Case (BSA-RC) is the computation 
with which the results of other calculation cases are compared, most of the repository 
calculation cases propagated to the biosphere are analysed with BSA-RC (see 
Section 4.3.5). 

4.3.1 Calculation cases in the terrain and ecosystems development modelling 

In the present assessment, a number of TESM calculation cases have been identified and 
analysed (summarised in Table 4-3). As stated above, the projections from only a few 
calculation cases analysed have been selected to be propagated to the subsequent 
biosphere assessment modelling. The reasons for not propagating all these cases are that 
SHYD and LSM are resource intensive and that most projections are considered to be 
similar to the Reference Case projections or bounded by the propagated calculation 
cases. The TESM projections from all calculation cases have been visually analysed by 
the biosphere assessment team to judge which sub-set of TESM projections would best 
bound all three assessment end-points: annual doses to the most exposed group and 
other exposed people, and exposure of plants and animals. 

The key scenario drivers for the development of the terrain and ecosystems are sea level 
change (local) and land use. The most important FEPs are climate evolution, land uplift 
and agriculture. In addition to these, FEPs such as position of the groundwater table, 
peat growth, reed bed delineation, river boundaries, and terrestrial and aquatic erosion 
are important (see also section 5.2). 

In addition to the Reference Case in the TESM, one case is selected to be propagated in 
the subsequent modelling: Terr_MaxAgri (see Table 4-3). This is the calculation case 
identified to analyse the combined scenario VS(G). 
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Table 4-3. Calculation cases analysed in terrain and ecosystem modelling (TESM).  

TESM case Scenario Modelling aspects 
differing from the 
Reference Case 

Comments 

Reference Case Base 
Scenario 

  

Clim_S1 VS(B) Sea level, precipitation 
and the boundary 
condition for the upstream 
river discharges. 

Alternative climate according to the climate 
simulation S1  high greenhouse gas emissions: all 
known fossil fuel reserves consumed during the next 
couple of centuries. 

Clim_S2 VS(B) Sea level, precipitation 
and the boundary 
condition for the upstream 
river discharges. 

Alternative climate according to the climate 
simulation S2  low greenhouse gas emissions. 

Agri_maxArea VS(C) Extent of agriculture. Maximum reasonable extent of agricultural land: 
smaller minimum size of a field and fine mineral soils 
assumed suitable for all crop types.  

Agri_maxPast VS(C) Extent of agriculture. Maximum reasonable extent of land for pasture – 
maximises the amount of animal products from 
grazing livestock. 

Agri_variable VS(C) Crop type distribution. The location and crop type are reassigned at each 
time step of the simulation. 

Terr_maxAgri VS(G) Land uplift, sea level, 
precipitation, the boundary 
condition for the upstream 
river discharges and the 
extent of agriculture. 

Combination of cases Clim_S1, Agri_maxArea, 
Sedim_lake, and Uplift_statistical  maximum 
reasonable extent of terrestrial areas and 
agriculture. 

Clim_highsea DS(A) Sea level. Higher sea level is artificially constructed by 
assuming early timing for events resulting in 
increases in sea level (see uncertainties in Pimenoff 
et al. 2012). 

Agri_none DS(B) Extent of agriculture. No croplands or pastures exist at the site. 
LapijokiS DS(C) Route of one of the main 

rivers. 
The Lapijoki River is forced to take a route south of 
Olkiluoto. 

Lapijoki_S_div DS(C) Land uplift and route of 
one of the main rivers. 

The Lapijoki River is forced to take a route south of 
Olkiluoto, combined with an assumption of tilting of 
Lake Säkylän Pyhäjärvi enough to form another 
outlet connecting to the Lapijoki River. 

Terr_noAgri DS(E) Land uplift, sea level, 
precipitation, the boundary 
condition for the upstream 
river discharges and the 
extent of agriculture. 

Combination of cases Clim_S1, Agri_none, 
Sedim_lake, and Uplift_statistical  maximum 
reasonable extent of terrestrial areas but without 
agriculture. 

DTM_smooth (a) Topography. Alternative topography: a smoother (low-pass filtered) 
surface within the statistical topographic model. 

DTM_steep  (a) Topography. Alternative topography: a contrasting surface 
emphasising local minima and maxima within the 
statistical topographic model. 

Eros_terr 
 

(a) Erosion in terrestrial 
areas. 

Constant erosion rates applied for cropland areas. 

Sedim_lake 
 

(a) Sedimentation in lakes. Likely overestimated sedimentation to lakes but 
within reasonable limits. 

Stream_loc (a) Erosion of stream 
channels and lake 
thresholds; also 
topography, land uplift and 
sedimentation in lakes. 

Establishment of fixed stream channels and erosion 
of lake outlet thresholds disabled in the model, with 
further enhancing the potential changes by combining 
with the cases DTM_smooth, Sedim_lake and 
Uplift_statistical. 

Uplift_curve (a) Land uplift. Application of a regional shoreline displacement 
curve fitting to the observations without taking into 
account the spatial variability (mainly tilting of the 
crust).  

Uplift_statistical 
 

(a) Land uplift. Statistical method to derive land uplift parameters 
including also archaeological evidence, in addition to 
the geological shore-level dating observations used 
in the Reference Case. 

(a) Complementary calculation cases not directly identified to analyse a scenario; assumptions, models and/or data, but 
rather selected with the primary aim of enhancing the understanding of the behaviour of the TESM model. 
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4.3.2 Calculation cases within the base scenario 

The Reference Case (BSA-RC) is the only one within the base scenario (see Table 4-4). 
The analysis and models used for this case are presented in detail in Chapter 5. This 
case and the repository calculation Reference Case (BS-RC) connect the entire disposal 
system in what is considered to be the most likely and credible lines of evolution.  

BSA-RC comprises a set of Reference Case models (denoted REF in Table 4-4) for the 
terrain and ecosystems development modelling (TESM), the surface- and near-surface 
hydrological modelling (SHYD), the landscape modelling (LSM) set-up, the 
radionuclide transport (RNT) modelling, and the radiological impact assessment (RIA). 

4.3.3 Calculation cases within variant scenarios 

The biosphere calculation cases that include the full biosphere assessment modelling 
chain within variant scenarios are summarised in Table 4-4.  

Within the variant scenario VS(A) addressing uncertainties in the discharge locations to 
the surface environment, two calculation cases, VS(A)-SOUTH1 and VS(A)-SOUTH2, 
are defined (Table 4-4). In both these calculation cases, the Reference Case terrain and 
ecosystem development modelling results are used (Table 4-3). A different model from 
the Reference Case landscape model is needed, since the potentially contaminated areas 
due to the discharge locations in BS-LOC1 and BS-LOC2 are located south of the 
present Olkiluoto Island (Figure 5.1). These areas are not covered by the landscape 
model for the Reference Case, which has its discharge locations north of the Island 
(Figure 5.1). The assumptions in the radionuclide transport model (RNT) also differ; 
this due to the radionuclide releases from the geosphere being introduced into the 
landscape model in biosphere objects that differ from those in the Reference Case. The 
assumptions and models in the RIA are the same as in the Reference Case.  

The projections for the four calculation cases analysed in the TESM for variant 
scenarios VS(B) and VS(C) are not propagated further in the biosphere assessment 
modelling, hence no calculation cases for these scenarios are included in Table 4-4. 

Within the variant scenario VS(D) addressing uncertainties in how humans use the land, 
focusing on the construction of wells to extract drinking water, two calculation cases, 
VS(D)-WELL and VS(D)-NO_WELL, are defined. The case VS(D)-WELL assumes 
more wells than in the Reference Case, and VS(D)-NO_WELL assumes that there are 
no wells.  

Within the variant scenario VS(E) addressing uncertainties in the assumptions 
underlying radionuclide transport, two calculation cases, VS(E)-RNT1 and   
VS(E)-RNT2, are defined. In the case VS(E)-RNT1, radionuclide releases from the 
geosphere to the biosphere are assumed to be directly into the rooting zone in terrestrial 
and agricultural ecosystems, and into the water column in aquatic ecosystems. In the 
case VS(E)-RNT2, the activity concentration in the upper 30 cm soil layer is assumed to 
be available for transfer to edibles.  

Within the variant scenario VS(F) addressing uncertainties in the human dietary profile, 
three cases, VS(F)-FINDIET, VS(F)-VEG and VS(F)-FISH, are defined. The Reference 
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Case assumes no preferences when defining the dietary profile. The case VS(F)-
FINDIET assumes that the various food groups are consumed to the same extent as by 
the present-day Finnish population (based on the The National FINDIET 2007 Survey, 
Paturi et al. 2008). The case VS(F)-FISH assumes a dietary profile for high-rate 
consumers of fish (based on the Results from the Fishermen study and the Health 2000 
survey, Turunen et al. 2009). The case VS(F)-VEG assumes a dietary profile with no 
consumption of meat and fish. No doses to animals and plants are calculated in these 
cases, as they would be identical to the values calculated for the Reference Case. 

VS(G)-COMBI is the only case defined within the variant scenario VS(G), where the 
uncertainties in climate evolution, land uplift and depression, agriculture and 
aquaculture are combined. In this case, the extent of the areas dedicated to agriculture is 
maximised. The TESM projections used are those of Terr_maxAgri (Table 4-3) which 
necessitates corresponding SHYD and LSM models (see Table 4-4). 

Table 4-4. Biosphere calculation cases within the base and variant scenarios. REF in 
the table stands for Reference Case model; other names for the cases in the sub-process 
modelling indicate that alternative models are used or assumptions are made. 

Calculation case Calculation case in the sub-process modelling Comments 

TESM SHYD LSM RNT RIA 

BSA-RC REF 
Reference Case for the 
base scenario for the 
entire disposal system.  

VS(A)-SOUTH1 REF SOUTH SOUTH1 REF 
Uncertainties in discharge 
locations to the biosphere. 

VS(A)-SOUTH2 REF SOUTH SOUTH2 REF 
Uncertainties in discharge 
locations to the biosphere. 

VS(D)-WELL REF MORE_WELLS REF 
More wells than in the 
Reference Case. 

VS(D)-NO_WELL REF NO_WELLS REF No wells.  

VS(E)-RNT1 

 
REF RNT1 REF 

Geosphere releases 
routed to alternative 
compartments compared 
with the BSA-RC. 

VS(E)-RNT2 REF RNT2 REF 

Activity concentration in 
the upper 30 cm soil layer 
available for transfer to 
edibles. 

VS(F)-FINDIET REF FINDIET 
Dietary profile based on 
present-day average 
consumption statistics. 

VS(F)-VEG REF VEG 
Dietary profile with no 
consumption of meat and 
fish.  

VS(F)-FISH REF FISH 
Dietary profile for high rate 
consumer of fish.  

VS(G)-COMBI Terr_maxAgri REF 

Combination of 
uncertainties in sea level 
and climate, and assumes 
extensive agriculture. 
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4.3.4 Calculation cases within disturbance scenarios 

The projections for the TESM calculation cases analysed for disturbance scenarios 
DS(A), DS(B), DS(C) and DS(E) (Table 4-3) are not propagated further in the 
biosphere assessment modelling. 

The disturbance scenario DS(D) takes into account unlikely exposure characteristics for  
plants and animals, which depend on their habitat. One calculation case, 
DS(D)-HABITAT, has been identified, with the intention of giving an ‘upper bound’ on 
potential absorbed doses to plants and animals. The calculation case DS(D)-HABITAT 
cautiously assumes that the typically exposed organisms live in the most contaminated 
object; the Reference Case assumes that the typically exposed organisms live in an 
object with typical (average) contamination. In this case, the same reference TESM and 
SHYD models as in the Reference Case are used. The LSM is selected to the either the 
Reference Case or the southern model, used to assess the alternative discharge locations 
to the surface environment, depending which gives the higher typical absorbed dose 
rates. No doses to humans are calculated in this case as they would be identical to the 
values in the Reference Case or the southern discharge variant. 

In the inadvertent human intrusion disturbance scenario DS(F), six calculation cases are 
defined (see Table 4-5). These cases are based on the work performed within the 
BIOPROTA forum (reported in Smith et al. 2013) and differ significantly from the 
analysis of the calculation cases following the main biosphere assessment modelling 
chain (see Figure 2-2). In all human intrusion cases, it is assumed that borehole drilling 
(e.g. for geothermal energy purposes) is conducted somewhere within the footprint of 
the repository and reaches repository depth. 

In two calculation cases, DS(F)-CANISTER-D and DS(F)-CANISTER-G, it is assumed 
that drilling hits an intact canister and spent nuclear fuel is brought up to the surface. In 
the case DS(F)-CANISTER-D it is members of the drill crew who are exposed and in 
the case DS(F)-CANISTER-G it is a geologist exposed when examining drill core(s) in 
situ. In two calculation cases, DS(F)-BUFFER-D and DS(F)- BUFFER-G, it is assumed 
that drilling is performed in the vicinity of an initially defective canister and 
contaminated buffer is brought up to the surface. The assumptions regarding the 
defective canister are the same as in the Reference Case for the repository system 
(BS-RC). As for the cases involving a direct hit on an intact canister, the two defined 
cases address exposure of both members of the drill crew and a geologist. The two 
calculation cases, DS(F)-BACKFILL-D and DS(F)-BACKFILL-G, are similar to 
DS(F)-BUFFER-D and DS(F)-BUFFER-G, with the difference that the drilling brings 
contaminated backfill up to the surface.  

In the deep well disturbance scenario DS(G), two calculation cases, 
DS(G)-HOUSEHOLD_WELL and DS(G)-AGRICULTURAL_WELL, are defined (see 
also Table 4-5). The case DS(G)-HOUSEHOLD_WELL is based on the WELL case 
(Hjerpe et al. 2010) and the case DS(G)-AGRICULTURAL_WELL is based on the case 
AgriWELL (Broed et al. 2008, Hjerpe et al. 2010), both applied in previous safety 
assessments. The calculation cases are stylised and hence differ significantly from the 
analysis of the calculation cases following the main biosphere assessment modelling 
chain (see Figure 2-2). DS(G)-HOUSEHOLD_WELL considers a drilled deep well   
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Table 4-5. Biosphere calculation cases within disturbance scenarios addressing 
inadvertent human intrusion and deep wells. 

Calculation cases Comments 

DS(F)-HI-CANISTER-D Drilling through an intact spent nuclear fuel canister; 
Drill crew exposed in the process. 

DS(F)-HI-CANISTER-G Drilling through an intact spent nuclear fuel canister; 
Geologist exposed when examining a drill core. 

DS(F)-HI-BUFFER-D Drilling through contaminated buffer material; Drill 
crew exposed in the process. 

DS(F)-HI-BUFFER-G Drilling through contaminated buffer material; 
Geologist exposed when examining a drill core. 

DS(F)-HI-BACKFILL-D Drilling through contaminated backfill material; Drill 
crew exposed in the process. 

DS(F)-HI-BACKFILL-G Drilling through contaminated backfill material; 
Geologist exposed when examining a drill core. 

DS(G)-HOUSEHOLD_WELL(a) Deep well used to supply household water. 

DS(G)_AGRICULTURAL_WELL(a) Deep well used to supply household water, irrigation 
water and water for cattle. 

(a) The analysis of these cases is a set of dose conversion factors (DCFs) that can be applied on any 
geosphere releases to obtain annual doses (see also Table 4-6). 

used by a family to supply household water. This case considers ingestion of drinking 
water as the only exposure pathway. DS(G)-AGRICULTURAL_WELL considers a 
drilled deep well used by a family to supply household water, water for irrigating crops 
and watering cattle. In addition to the ingestion of drinking water exposure pathway, 
this case considers ingestion of crops and animal products contaminated by the 
radionuclides in the well water. The analysis of these deep well cases results in a set of 
dose conversion factors (DCFs) that can be applied to any activity releases from the 
repository to obtain annual doses (see also Table 4-6). 

4.3.5 Link between repository and biosphere calculation cases  

The logic for the selection of repository calculation case results to be propagated to the 
biosphere assessment is discussed in Section 2.4.3. Applying this logic, results in nine 
of the repository calculation cases, all giving releases within the dose assessment time 
window of 10 000 years (see Assessment of Radionuclide Release Scenarios for the 
Repository System), being propagated to the biosphere assessment and analysed with 
biosphere calculation cases. 

These repository calculation cases and the type of biosphere calculation cases that are 
used to analyse them are summarised in Table 4-6. The main principle is that the 
repository system Reference Case (BS-RC) is analysed with all identified biosphere 
calculation cases, and all other repository calculation cases are analysed with the 
biosphere Reference Case (BSA-RC). An exception to this principle is the repository 
calculation cases that lead to geosphere release to the south of the present-day Olkiluoto 
Island (BS-LOC1 and BS-LOC2); for these it is more suitable to use the characteristics 
of this area in the biosphere analysis. The other exception to this principle is the 
biosphere what-if cases addressing deep wells; these are applied to all repository 
calculation cases. 
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Table 4-6. Repository calculation cases propagated to the biosphere assessment, the 
biosphere calculation cases used in the analysis and the name of the resulting 
calculation case that is analysed with the biosphere full modelling chain (see also 
Tables 4-4 and 4-5).  

Repository 
calculation case 

Description of Repository 
Calculation Case 

Biosphere Calculation Case/s 
applied in the analysis  

Resulting 
calculation case 
combination 

BS-RC Deposition hole location for the 
defective canister leading to releases 
to the surface environment north of the 
present-day Olkiluoto Island. 

All biosphere calculation cases for 
the relevant discharge locations,  
All cases within the human 
intrusion and deep well scenarios 

BSA-RC  

BS-LOC1 Sensitivity case assuming an 
alternative canister location leading to 
releases to the surface environment 
south of the present-day Olkiluoto 
Island. 

VS(A)-SOUTH1 
DS(G)-HOUSEHOLD_WELL 
DS(G)-AGRICULTURAL_WELL 

VS(A)-SOUTH1 

BS-LOC2 Sensitivity case assuming an 
alternative canister location leading to 
releases to the surface environment 
south of the present-day Olkiluoto 
Island. 

VS(A)-SOUTH2 
DS(G)-HOUSEHOLD_WELL 
DS(G)-AGRICULTURAL_WELL 

VS(A)-SOUTH2 

BS-ANNFF Sensitivity case assuming alternative 
near-field and geosphere speciation. 

BSA-RC 
DS(G)-HOUSEHOLD_WELL 
DS(G)-AGRICULTURAL_WELL 

BSA-ANNFF 

BS-TIME Sensitivity case assuming delayed 
establishment of transport path. 

BSA-RC 
DS(G)-HOUSEHOLD_WELL 
DS(G)-AGRICULTURAL_WELL 

BSA-TIME 

VS1-BRACKISH Sensitivity case assuming reduced 
buffer thickness. 

BSA-RC 
DS(G)-HOUSEHOLD_WELL 
DS(G)-AGRICULTURAL_WELL 

BSA-BRACKISH 

VS1-HIPH-NF Sensitivity case assuming reduced 
buffer thickness and high pH (near-
field only). 

BSA-RC 
DS(G)-HOUSEHOLD WELL 
DS(G)-AGRICULTURAL WELL 

BSA-HIPH-NF 

VS1-HIPH Sensitivity case assuming reduced 
buffer thickness and high pH water. 

BSA-RC 
DS(G)-HOUSEHOLD WELL 
DS(G)-AGRICULTURAL WELL 

BSA-HIPH 

AIC-LI What-if case assuming a high insert 
corrosion rate, causing a sudden loss 
of transport resistance of the defect 
after 15 000 years. Identical to BS-RC 
in the dose assessment time window. 

BSA-RC 
DS(G)-HOUSEHOLD WELL 
DS(G)-AGRICULTURAL WELL 

BSA-AIC-LI 
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5 REFERENCE CASE SPECIFICATIONS 

The Reference Case is a specific model realisation, selected as the only case analysed 
for the base scenario. The main objectives of the Reference Case are to provide a 
reference set of results used to demonstrate compliance and with which the results of 
other calculation cases can be compared. The case specifications presented in this 
Chapter are closely connected to the FEPs discussed in relation to the base scenario 
(Section 4.2.1). The following sections briefly summarise the models and key 
assumptions used in the Reference Case. The applied parameter values are presented in 
detail in Biosphere Data Basis, and the models are further discussed in the supporting 
reports: Terrain and Ecosystems Development Modelling, Surface and Near-Surface 
Hydrological Modelling, Biosphere Radionuclide Transport and Dose Assessment and 
Dose Assessment for Plants and Animals. Firstly, the discharge locations to the surface 
environment are addressed since this is a key feature resulting from the geosphere 
modelling. 

5.1 Discharge locations to the surface environment  

The Reference Case for the repository system, BS-RC, analyses a single defective 
canister in the repository, located in a credible cautious position in respect to the 
radiotoxicity flux out from the geosphere for the three key radionuclides (details in 
Assessment of the Repository System Radionuclide Release Scenarios, section 6.2). The 
blue circle in Figure 5-1 shows the location of the defective canister in the calculation 
case BS-RC and the blue squares show the corresponding discharge locations to the 
surface environment via the F-, DZ- and TDZ-paths12. Discharge takes place to the sea 
off the northern coast of the present island.  

Figure 5-1 also shows the locations of the defective canisters and the corresponding 
discharge locations to the surface environment for the repository calculation cases 
BS-LOC1 and BS-LOC2, used in the biosphere calculation cases VS(A)-SOUTH1 and 
VS(A)-SOUTH2 (see Sections 4.3.3 and 6.3.2). The two alternative canister locations 
result in discharges taking place to the sea off the southern coast of the present island. 

                                                 

12 The F-path leads from the canister, through the buffer and the deposition hole damaged zone to a host-rock fracture intersecting 
the deposition hole; the DZ-path leads from the canister, through the buffer (and/or the deposition hole damaged zone) to the 
deposition tunnel EDZ and thence to a host-rock fracture intersecting the EDZ; and the TDZ-path leads from the canister, through 
the buffer to the deposition tunnel backfill, and thence to a host-rock fracture intersecting the deposition tunnel. 
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Figure 5-1. The location of the defective canisters (circles) and the discharge locations 
to the surface environment (squares) from the repository calculation cases BS-RC, 
BS-LOC1 and BS-LOC2 via the F-, DZ- and TDZ-paths. The present day outline of 
Olkiluoto Island and the layout of the deposition tunnels considered in the safety case 
are shown in grey. 

5.2 Terrain and Ecosystems Development  

For projecting the past development of the terrain and ecosystems into the dose 
assessment time window of the future, a GIS multi-module toolbox named UNTAMO 
has been developed (see section 2.6). UNTAMO is documented in detail in Terrain and 
Ecosystems Development Modelling, chapter 3. Each module in UNTAMO addresses a 
certain aspect of the surface environment development. Briefly, the modelling included 
when projecting the future terrain and ecosystems is as described below. 

Land uplift and delineation of the sea area 
During the last glaciation, the weight of the ice sheet caused the Fennoscandian crust to 
deform and down-warp several hundred metres. During and soon after the deglaciation, 
when the ice sheet melted and the load decreased and finally disappeared, the initial 
uplift was rapid. The land uplift module includes an implementation of Påsse's model 
(Påsse 2001) fitting arctangent functions to the observed past coastline positions, with 
updated parameter values for the Olkiluoto site (Vuorela et al. 2009, Pohjola et 
al. 2012). 
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Water bodies, runoff formation and discharge 
Lakes and streams are identified using a conventional GIS analysis of flow 
accumulation: For each cell of the terrain model, the number of upslope cells is 
calculated (i.e., from how large area, in grid cell units, water is accumulated by surface 
runoff to flow through a specific point). Those cells having a larger value than specified 
through an input parameter value, and also having an adjacent cell with a larger value (a 
downslope route), are identified as streams and rivers. Cells that have a higher value 
than all adjacent ones are bottoms of depressions, which are filled by water due to the 
positive water balance in the region. Depressions that are large enough are identified as 
lakes and smaller ones become mires unless taken as croplands and drained (depending 
on the input specifications in each simulation).  

The runoff generation is modelled by the simplified concept of using a constant value 
for the fraction of precipitation falling on the catchment area appearing as the surface 
water discharge (i.e., open water flow) in the rivers. For modelling the discharge in the 
stream network under future conditions at the site, it is assumed that runoff formation 
remains the same as at present in the neighbouring river catchments. Thus, the discharge 
in the future streams is modelled by using the specific runoff, i.e., employing the 
fraction of annual precipitation falling on the catchment that reaches the running water 
in the river, calculated from the present-day situation in the rivers Eurajoki and 
Lapinjoki and their catchments.  

As this assumes that the properties of the catchments of the rivers are similar to those of 
the two main rivers at present, this means that the land use, vegetation, soil types and 
structure, and water exchange in the upstream network should be about the same, and 
this is supported by the results of the overall terrain and ecosystems development 
modelling. The method is used to estimate the discharge in the rivers (on the northern 
side of the site dominated anyway by the discharge of the Eurajoki and Lapijoki Rivers, 
given as boundary conditions either assuming the present observed values or as derived 
using a catchment-scale hydrological model for the alternative climate cases), whereas 
more detailed simulation of the water balance and groundwater flow is made in the 
surface and near-surface hydrological modelling.  

As detailed in section 3.3.1 of Terrain and Ecosystems Development Modelling, the 
cross-section dimensions of the rivers and smaller streams are calculated based on open 
channel flow and use of the Manning equation combined with the continuity equation 
(e.g. IAEA 2001) as used e.g. in the river model of Jonsson & Elert (2005). 

 
Correspondingly, the determination of the water level in lakes is based on the fact that a 
lake can be formed only in a depression of the terrain. With the conventional GIS 
analysis, the depressions are filled until the "water" is pouring out of the depression. 
However, this threshold point is lower than the actual water level of the lake. Figure 5-2 
illustrates the situation: the water level rises until the water-filled cross-section of the 
outlet is large enough to convey the discharge from the lake (derived from inflowing 
streams and runoff from the catchment area).  
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Figure 5-2. Illustration of water level determination for lakes: The "original lake level" 
refers to the level identified by merely filling up the topographic depression and the 
"raised lake level" corresponds to the implementation of the terrain and ecosystems 
development modelling in this assessment. 

Reed bed delineation 
The reed bed model is based on assessing the fetch distance (degree of physical 
exposure) and assuming a maximum water depth and maximum flow rate for the 
vegetation to survive. Since the parameters are difficult to quantify in detail, the model 
is calibrated using data from a survey at the site (for details, see Biosphere Data Basis, 
Section 10.8). Locations where reed is likely to grow are predicted from the 
topographical model by identifying shallow waters (sea or lakes) sheltered from waves. 
The latter, the physical exposure, is calculated as the mean fetch distance (i.e., the 
average distance over open water for a circle centred on the point of interest). Areas 
with a mean fetch distance smaller than a given threshold are considered to be sheltered 
enough to grow reed beds. 

The groundwater table 
The groundwater table model is a stylised indicator-type of module in UNTAMO. It is 
used for locating peat bogs, i.e., where the groundwater table is close enough to the 
ground surface to support peat-forming vegetation (derived to be 10 cm; Biosphere 
Data Basis, Section 5.4.5). For this model, the Olkiluoto Surface Hydrological model 
(Karvonen 2008, 2009a,b,c, 2011), utilising measured groundwater levels and other 
calibration data, was used to compute groundwater level. These results were then used 
in developing a correlation function (Biosphere Data Basis, Section 11.1) to estimate 
groundwater level in soil also in the projections into the future. 

Overburden model 
For UNTAMO, the soil profile model is an essential initial condition, which includes 
the thickness of each soil layer in a defined order (Biosphere Data Basis, Section 8.2). 
For harmonisation of the various classifications in the original data sets, Table 3-2 in 
Biosphere Data Basis is applied. Due to practical difficulties discussed in Mönkkönen 
(2012, Chapter 6), it was not possible to develop a full overburden model for the present 
assessment. Instead, a stylised model incorporating only the total overburden thickness 
and the surface soil and sediment types has been applied. This model may deviate 
significantly from observations (e.g. the acoustic-seismic soundings) in areas of thicker 
deposits (Biosphere Data Basis, Section 8.2). However, generally the soil layers are 
thin. 

Peat growth and gyttja accumulation 
Peat growth is simulated with the model of (Clymo 1984), which has been successfully 
applied also to Finnish conditions e.g. by Clymo et al. (1998). In the model, peat growth 
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is based on production-driven accumulation constrained by the hydrology (due to 
summer droughts) and decay in deeper layers. The locations (foci) of peat bogs are 
identified based on the estimated groundwater table (see above) being close enough to 
the ground surface to sustain peat-producing vegetation. The balance between the 
production on the bog (directly related to the rate at which matter passes to the catotelm, 
i.e., the deeper, anoxic layer) and the decay of the plant remnants determines the peat 
thickness at the centre. The peat thickness at other points is determined by the 
hydrological conditions, as they regulate the water level which, in turn, affects the rate 
of peat production. In addition, in the present model, gyttja accumulates at a constant 
rate throughout the area of the simulated reed beds; this is a first approximation in the 
absence of further information. To avoid artificially sharp edges at the reed bed 
boundaries, a Gaussian filter is used to smooth the edge so that the total deposited 
volume remains the same as without the filtering. 

Sedimentation in water bodies 
A simple correlation model for sedimentation in lakes has been presented in Brydsten 
(2004, 2006) and further adjusted for the conditions of the Olkiluoto site. First, the lake 
basin fills up to a given fraction of the initial volume by silty sand (generic values 
inherent to the model, assume this volume to be 4%), and then to a given fraction of the 
remaining volume by additional fine-grained sediments (generic values inherent to the 
model, assume this to be 18%); two early-stage bottom layers has been set. After that, 
each year in the simulation, the basin is supplied with fine-grained sediments at a site-
specific rate fitted to observational data and defined as a function of the water volume. 

Croplands 
The model for identifying and delineating cropland areas takes into account that specific 
features of the landscape makes it more or less suitable for cultivation of certain types 
of crops. The suitability of an area is quantified as the weighted geometric mean of the 
slope suitability (suitability of an area for agriculture according to its slope), solar 
suitability (suitability of an area for agriculture according to the amount of incoming 
solar radiation, affected by the aspect of the slope) and soil suitability. 

The delineation of the cropland starts by allocating the first crop type in the allocation 
order (Biosphere Data Basis, Section 13.2) to the most suitable terrain model cell that is 
not already assigned to a crop (random selection is used in case of several best locations 
with equal suitability values). Then the algorithm increases the area as far as suitable 
pixels are found up to a predefined allocation limit (Biosphere Data Basis, Section 13.1) 
or the end of neighbouring suitable pixels. The allocation limits (the amount of land 
allocated to a particular crop type) are based on a representative mix of the present-day 
regional production of crops (Formulation of Radionuclide Release Scenarios, 
Section 6.1.4) and is given as a fraction of the total dry land area. When the first crop 
type has reached its allocation limit it is excluded from further consideration and the 
second crop type is allocated.   
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In addition to the allocation parameters, there are also other criteria that need to be 
fulfilled when delineating croplands (Biosphere Data Basis, Chapter 13): 

 Minimum area for croplands. The delineated area is disregarded if the algorithm 
ends up with an area smaller than a given parameter value (in the Reference Case 
30 000 m2, see Biosphere Data Basis, Section 13.1). 

 Maximum ground water table depth. The area is too dry to be suitable for 
agriculture when the groundwater table is too deep, the limit is assumed to be 5 m. 
The model for location of the groundwater level is used for assessment against 
this criterion. 

 Minimum thickness of soil. Soil layers that are too thin are not suitable for 
croplands. The minimum layer is crop-type specific and is in the range from 30 
(pasture lands) to 80 cm (cultivation of sugar beet).  

 Minimum elevation above sea level. Low areas close to the sea may be regularly 
flooded with brackish water and hence, due to the salt, be unsuitable as croplands. 
The criterion is selected that the elevation above sea level has to be at least 0.5 m 
for an area to be taken into agricultural use.  

Furthermore, once a land area has been identified as a cropland, it is assumed to remain 
in agricultural use through active management even if conditions change (except in one 
variant TESM case in which the results did not differ much from the other cases, TESM 
sections 6.2.1 and 6.5). However, new cropland area is allocated in each simulation time 
step if suitable areas appear and the allocation limits have not yet been reached. 

Delineation of biosphere objects 
A biosphere object is an area of homogeneous key properties and development history 
within the area included in the surface environment development modelling. Biosphere 
objects on the level of ecosystem types, here called ‘basic biosphere objects’ are 
grouped into ‘super objects’ to handle the dynamic development of the surface 
environment (c.f. Figure 5-5). Basic biosphere objects connected within and between 
the ‘super objects’ comprise a landscape model (Section 5.5). In principle, a landscape 
model covering the whole terrain and ecosystems development modelling area could be 
constructed. However, this is not necessary because it would result in a landscape model 
in which most of the biosphere objects would never receive any radionuclides. The 
approach is to limit the landscape model to cover the area where the discharge locations 
to the surface environment are located, and areas potentially contaminated in a 
significant degree by radionuclide transport within the surface environment. The 
connections between the biosphere objects are derived from the UNTAMO simulations. 
These connections are based primarily on how the biosphere objects are connected by 
the surface hydrology, i.e. they are determined by whether two objects are upstream or 
downstream in relation to each other. A key feature of the dynamics in a landscape 
model is that the ecosystem types develop with time, but the 'super objects' are 
delineated so that their boundaries do not change (only the basic-level biosphere objects 
within the 'super objects' change so that a change in the size of one results in 
corresponding changes in one or several other basic-level objects). 
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Technical details of the delineation process 
The delineation process is discussed in details in Terrain and Ecosystems Development 
Modelling, Section 3.7.1; below is a brief summary on the delineation of the 'super 
objects'. The delineation of the basic biosphere objects (or blocks in Figure 5-4) changes 
with time throughout the simulation results and thus it is done by the UNTAMO data 
extraction tools (Terrain and Ecosystems Development Modelling, Section 3.7). The 
delineation starts with the full set of the UNTAMO simulation results and the discharge 
locations to the surface environment (Section 5.1.1) provided as point locations at the 
bottom of the overburden. First, the release locations given as nominal points are 
enlarged into 'discs' with a radius of 10 metres. Effectively, this enlarges the primarily 
contaminated area somewhat upstream and to the sides to take partially into account the 
spatial dispersion at the end of the release path and other related uncertainties. From the 
'discs', all downstream areas are identified as contaminated using, in essence, 
downstream particle tracking on the topography. 

Secondly, the primarily contaminated lake areas are identified as those lakes that at their 
largest extent intersect the contamination plume. As a result, a maximal area of lake 
bottoms is included in the delineation as it is not known at this stage at which time each 
lake would receive contamination; the identified area includes also terrestrial areas 
possibly inheriting the contamination from a drying lake bottom. The contaminated 
streams connecting the lakes are those streams that are intersected by the primary 
contamination plume or are located downstream from the primarily contaminated lake 
areas. To ensure all areas possibly contaminated by the runoff from the release locations 
are included, all mire areas at the end of the simulation (year 12 020) that intersect the 
primary contamination plume are included. Some mire areas may be taken into 
agricultural use during the simulation, but they would be delineated as croplands if 
receiving any significant contamination via irrigation or by inheritance from a former 
lake bottom. 

To add the (possibly) irrigated cropland areas, first the area into which transport of 
contaminated irrigation water is considered reasonable is identified as all areas closer 
than a given value (in the reference dataset 500 m) from the largest extents of primarily 
contaminated lakes and from the contaminated streams large enough to provide 
irrigation water. Further, it is assumed that all crops except pasture may be subject to 
irrigation. As it is assumed that the irrigation water is extracted from the closest source 
available, the areas where non-contaminated lakes or sufficiently large streams (i.e. all 
the other lakes in the simulation output and all the other streams over the same mean 
annual discharge limit as above) are closer are then removed. The croplands irrigated 
with contaminated water, under the abovementioned assumptions, are then identified as 
the intersection of the cropland locations and the area where the closest irrigation 
sources are contaminated, provided that those closest sources are not farther than the 
given distance criterion.  

As some crop types may be economically valuable enough to be irrigated over a long 
distance (vegetables and cultivated berries and fruits in the reference dataset), all 
cropland areas of these crop types where a contaminated lake or a contaminated 
sufficiently large stream is closer than a non-contaminated source of irrigation water 
(irrespective of the irrigation water transport distance) are added to the potentially 
contaminated areas. Contrastingly, pastures are not irrigated at all in the conditions at 
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the Olkiluoto site; all potentially contaminated pasture areas have already been 
delineated as they are ones that overlap with the potential primary contamination plume. 

To add the secondary contamination by runoff from the cropland irrigated with 
contaminated water, the procedure described above for areas other than those irrigated 
is repeated, but combining the primary contamination plume with the potentially 
contaminated croplands. This is done only once, though, and does not take into account 
drawing irrigation water from the secondarily contaminated water courses. The results 
of the first and the second delineation rounds are then merged to identify all the 
terrestrial and freshwater area to be considered in the final delineation of the 'super 
objects'. 

The procedure described above produces a set of polygons of various sizes (the hatched 
areas and their boundary lines in the upper map of Figure 5-3) that require further 
adjustment into an applicable set of interconnected biosphere objects of the landscape 
model (the lower map and the diagram in Figure 5-3). It is noteworthy that the 
connections diagram (the right side in Figure 5-3) is a stylised representation of the 
surface water flow connections between the 'super objects' and the position of the object 
boxes is not necessarily identical to the actual spatial relations of the objects, although a 
degree of similarity is helpful in drawing, cross checking and interpreting the diagram. 

As the aim is to delineate areas of homogeneous key properties and development 
history, some manual editing is needed to produce the final delineation. In the manual 
editing of the object delineation, the river objects are not yet included; they require a 
different approach as locations of river channels may change somewhat during the 
simulation mainly due to the land uplift resulting in topographical tilting. The 'super 
objects' representing the rivers include only the open water block and they are identified 
in the UNTAMO data extraction process (Terrain and Ecosystems Development 
Modelling, Section 3.7.2) based on manually delineated search areas as the continuous 
sequence of stream segments of the highest mean annual discharge that also meet the 
criterion of a river defined as an input parameter (in this assessment ≥0.5 m³/s). In the 
data extraction, the modelled physical extent of the river (practically the channel width 
around the centreline) is first removed from the other objects nominally overlapping 
with the rivers. The search areas are delineated so that they include at least the extent of 
the intended river channel at all of the simulation time points, but exclude other river 
channels of relevance. To meet the general criteria that within the aquatic blocks of a 
'super object' there shall be either only freshwater or only seawater areas, the search 
areas are cut into separate objects at the water divides of the lake catchment areas and at 
the coastline positions of the different simulation time points. 
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Figure 5-3. Example of a result of the delineation of potentially contaminated areas 
(hatched; upper map) and the corresponding 'super objects' after manual editing 
(darker areas of uniform random colours, each colour represents one 'super object'). 
The river objects are not shown, but the stream network is overlaid on the maps. The 
respective connections diagram of the 'super objects' used for compiling the landscape 
model is presented on the right (the parts not shown in the example maps are faded 
out). 

To add also other relevant coastal and open sea areas into the landscape model, those of 
the lake catchment areas (largest extents of all lakes) that at least partially overlap with 
the largest extent of the potentially contaminated areas are selected and merged 
following the catchment area grouping of the other objects discussed above. This 
implies disregarding the catchment areas of non-contaminated lakes which is considered 
a cautious choice leading to smaller volume of these coastal and open sea objects.  

The reference delineation of the biosphere objects in the vicinity of the present 
Olkiluoto Island is presented in Figure 5-4 for years 3020 (around the time when the 
radionuclide releases to the surface environment are assumed to commence) and 12020 
(the end of the dose assessment time window); for the legend to the background map, 
see Figure 5-5. 
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Figure 5-4. Delineation of the biosphere objects for the landscape model used in the 
base scenario, details of the biotope distribution in the vicinity of the present Olkiluoto 
Island. For the legend to the background map, see Figure 5-5. 
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Figure 5-5. Common legend of the maps on the terrain and ecosystems development 
modelling TESM-2012 within the present assessment; Figures 5-3, 5-4, 6-28 and 6-41 
use these colours. 

5.3 Surface Hydrological modelling 

The Olkiluoto Surface Hydrological Model SHYD (see the Surface and Near-Surface 
Hydrological Modelling report and Karvonen 2008, 2009a, 2009b, 2011 and 2013) is a 
tool that can be used to study the water balance components at the Olkiluoto site and to 
evaluate the effects of pumping and leakages into ONKALO and the repository on the 
groundwater level in overburden soils and in shallow and deep bedrock drillholes. The 
surface hydrological model is a site-scale model that computes water fluxes for the 
whole of Olkiluoto Island and the model area can also extend outside the present island 
boundaries. Eleven site-scale hydrogeological zones and five lineaments are included in 
the model as shown by Vaittinen et al. (2011b). The amount of data available for 
calibrating the SHYD model is very large and includes both site-scale hydrological data 
(e.g. Vaittinen et al. 2011a, 2012) and detailed data from Forest Intensive Monitoring 
plots (FIPs), snow and frost depth measurements and runoff measurements from four 
small catchment areas (e.g. Haapanen 2010, 2011). 

The method for calculating fluxes for the biosphere assessment proceeds in two steps. 
In the first step of the analysis steady-state recharge/discharge to/from bedrock is 
computed for the whole computational area and these results are stored as a raster file 
for each time step and used as the lower boundary condition of the model in the second 
step. In the second step vertical and horizontal fluxes are computed for each delineated 
biosphere object. Vertical fluxes are averaged values from all pixels inside the 
biosphere objects. Horizontal fluxes are computed by summing the horizontal inflows 
and outflows through the biosphere object boundaries. Upper boundary conditions for 
the model were precipitation and potential evapotranspiration rates (actual 
evapotranspiration rate is computed based on potential rate, soil water content and leaf 
area index).  

Parameterization of the transpiration and interception processes is based on the results 
of the SVAT (Soil-Vegetation-Atmosphere-Transfer) model that was used for 
computing water and energy balance components of the FIPs on Olkiluoto Island 
(Karvonen 2009b, 2013). Parameters influencing the overall water balance of biosphere 
objects are those calibrated in the SHYD modelling (Karvonen 2010, 2011 and 2013). 
The method adopted here is based on calculating average vertical and horizontal fluxes 
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for biosphere objects from the results of the full 3D-model, i.e. it was not necessary to 
develop a simplified hydrological model for the biosphere objects.   

The spatial and temporal data needed in the model was provided by the UNTAMO-
modelling: soil surface elevation, type and thickness of soil layers, vegetation types, 
locations of coastal areas, lakes and rivers and flow accumulation raster. 

Treatment of wells 
A new feature of the SHYD modelling is that (shallow) wells are included; both dug in 
the overburden and drilled in the bedrock. The SHYD model allows addition of wells as 
sink points in the computational grid. Dug wells in the overburden and drilled wells are 
treated in the same way in the model. The water pumped from wells is assumed to be 
taken from different soil or bedrock layers depending on the hydraulic conductivity of 
each layer. The model computes drawdown caused by pumping from the well and 
partitions the well pumping (assumed to be 500 m3/y for a single household well) to 
different layers. Well fluxes are then converted to units of m/y by dividing them by the 
area of the biosphere object. Radionuclides discharging from bedrock to overburden are 
assumed to be fully mixed in the layers of the biosphere object and radionuclides can 
flow horizontally to the well or be transferred as runoff out of the object and vertically 
upward towards the rooting zone.   

The selection of the number and location of wells (in which biosphere object) is based 
on the delineation of the soil types provided by the UNTAMO toolbox. Wells are only 
placed into objects where the soil type is coarse, medium or fine mineral soil or where 
the bedrock hydraulic conductivity is high enough to sustain a well. The hydraulic 
conductivity of clay and gyttja soils is not high enough to sustain a well. In the 
Reference Case, the assumption is that one forest biosphere object may sustain one well. 
The number of wells in the Reference Case was eight during one time step. The areas of 
forests change over time and therefore the number of wells may change over time. In 
the Reference Case, it is assumed that there is one drilled well at the site, cautiously 
selected to be located close to the discharge locations to the surface environment. 

5.4 Screening analysis  

This section summarises the screening analysis that was applied in the graded approach 
to the dose assessment (more details are found in Biosphere Radionuclide Transport 
and Dose Assessment, Chapter 2). The screening procedure consists of performing two 
sequential screening analyses, Tier 1 and Tier 2. In each Tier, cautious annual doses are 
calculated, for each released radionuclide, and divided by a reference screening annual 
dose to obtain a Risk Quotient (RQ). The decision after each Tier depends on the value 
obtained for the RQ. The dose calculations and the selection of screening annual dose 
are done in a sufficiently cautious way, as to ensure that there is high degree of 
confidence that if RQs are below one then doses will be below the regulatory dose 
constraint. In principle, the regulatory annual dose constraint to the most exposed 
people of 10-1 mSv (Section 1.4.1) could be used as screening annual dose; since the 
dose calculations are overly cautious. However, even if the RQs for individual 
radionuclides are below 1, their sum might still give a total RQ above 1. Furthermore, 
the lowest regulatory dose constraint for other people is 10-3 mSv (Section 1.4.1). 
Therefore, a screening annual dose of 10-4 mSv is selected. This is considered 
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sufficiently low to ensure that there is high degree of confidence that if RQs are below 
one then doses will be not only below the regulatory annual dose constraint for the most 
exposed people but also below the regulatory dose constraint for other people. The 
approach adopted in each Tier for the screening dose calculations is discussed below.  

Tier 1. Radiotoxicity screening analysis 
In Tier 1, an extremely cautious approach is taken, in which it is assumed that a 
hypothetical individual is exposed, over one year, via inhalation, ingestion and external 
irradiation to the whole activity released from the geosphere during the dose assessment 
time window. To estimate doses from ingestion and inhalation it is assumed that the 
whole activity is incorporated by the exposed individual within one year. Annual doses 
from external irradiation are calculated by assuming that the whole integrated release is 
deposited on a 1 m2 surface and that the individual is exposed during the whole year. 
The highest of these three annual doses, i.e. inhalation, ingestion and external 
irradiation, is used to calculate the RQ. If the RQ calculated for a specific radionuclide 
is greater than 1, then it is necessary to continue to Tier 2; otherwise this radionuclide is 
excluded from further more detailed analyses.  

Tier 2. Generic biosphere model screening analysis 
The screening procedure in Tier 2 is less cautious than in Tier 1; but it is still 
sufficiently cautious for the purpose of the screening analyses. A generic biosphere 
model (Figure 5-6) is applied for the screening analysis, which uses as input the 
maximum values of the activity release rates, for each radionuclide, from the geosphere. 
These release rate maxima are used as constant input to simplified sub-models of a well 
and of four different types of ecosystems (lake, cropland, pasture land and forest). 
Several conservative assumptions are made with the aim of obtaining conservative 
estimates of the radionuclide-specific activity concentrations in environmental media 
(air, soil and water) and in human foodstuffs. For example, areas of the ecosystems are 
small, the runoff is low, activity losses from the water by sedimentation are neglected, 
the well capacity is low, and parameter values for soil distribution coefficients (Kd) and 
concentration ratios are high (see Biosphere Radionuclide Transport and Dose 
Assessment for more details).  

The calculated activity concentrations in air soil and water are used to assess exposures 
by ingestion of food and water, inhalation and external irradiation under assumptions 
that ensure that cautious dose estimates are obtained. For example, the hypothetical 
individual spends all of the time on the terrestrial ecosystem where the activity 
concentrations in air and soil are the highest, consumes the yearly water demand either 
from the lake or the well, depending on which of these has the higher activity 
concentration, satisfies the yearly energy demand from consumption of food with the 
highest activity concentrations, considering all ecosystems and different foodstuffs (see 
Biosphere Radionuclide Transport and Dose Assessment for more details). 

The maximum dose values from different exposure pathways, across all ecosystems, are 
used to obtain a maximum total annual dose that is then used for calculation of the RQs 
for the screening analysis. It should be noted that the RQs for individual radionuclides 
may be dominated by different exposure pathways and also different ecosystems. If the 
RQ calculated for a specific radionuclide in Tier 2 is greater than 1, then it is necessary 
to consider that radionuclide in the landscape modelling (Tier 3). 
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Figure 5-6. Generic biosphere model used to obtain cautious estimates of the doses and 
the RQs used in Tier 2 of the screening analysis. It is assumed that the whole release 
from the geosphere reaches both a lake and a well. From the lake the whole release will 
go to each of the three terrestrial ecosystem types considered (forest, cropland and 
pasture land). Irrigation with water from the well or the lake, whichever has the higher 
radionuclide activity concentration, is also considered. The maximum dose by each 
exposure pathway (inhalation, external irradiation, ingestion of food and water) and 
across all ecosystems is used in the calculation of the RQs. 

5.5 Landscape modelling 

The delineated biosphere objects and their interconnections (Section 5.2) are the key 
input for the landscape model. This information is utilised to define the present-day 
(initial state) landscape model and how it develops in time to the end of the dose 
assessment time window. In the landscape model, each biosphere object gets associated 
with a deterministic radionuclide transport compartment model. Below the generic 
structure of a biosphere object and the radionuclide transport model (not dependent on 
where in the modelled area the object is located) are first addressed. Secondly, the site-
specific landscape model for the Reference Case is discussed. 

5.5.1 Generic structure of biosphere objects 

As mentioned in Section 5.2, a biosphere object is an area of homogeneous key 
properties and development history of the area included in the surface environment 
development modelling. To handle the dynamic development of the surface 
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environment, biosphere objects at the ecosystem-level are used, these are called ‘super-
objects’ and the generic structure of them are shown in Figure 5-7 (right). Each ‘super-
object’ comprises biosphere objects on the biotope-level, called ‘basic biosphere 
objects’. The conceptual structure of the compartment model in a basic biosphere object 
is shown in Figure 5-7 (left).  

Each biosphere object comprises one, or a few, connected, multi-compartment models, 
which, in mathematical terms, are systems of ordinary differential equations. Each 
compartment is assumed to be a homogenous entity. For instance, when modelling a 
forest or agricultural ecosystem, the compartments may represent different soil layers 
(c.f. Figure 5-7) within which the activity concentration of a modelled radionuclide is 
assumed to be uniformly and instantaneously distributed. The multi-compartment 
modelling approach uses transfer coefficients to model the fractional rate of transfer of 
activity between the modelled compartments (details in Biosphere Radionuclide 
Transport and Dose Assessment). These transfer coefficients are closely connected to 
FEPs affecting the transfer of elements (and thus activity) in the surface environment. 

Even though the compartment structure is common for all modelled ecosystem types, 
some ecosystem-specific features are implemented in the model. Aquatic objects lack 
the compartments canopy atmosphere, tree foliage, tree wood and organic 
accumulation layer. All forest and cropland objects lack the compartment water 
column; in addition: cropland used for pasture lacks the compartments tree foliage and 
tree wood, and cultivated croplands lack the compartments tree foliage, tree wood, 
decomposition layer and organic accumulation layer. This requires that a set of rules 
for how activity is transferred between the compartments is needed to address the 
situation in which objects develop from one ecosystem, or biotope, to another in the 
landscape model (see below). 

 

Figure 5-7. The common structure for modelling any biotope in any ecosystem type in a 
biosphere object (left) and the general ecosystem structure of ‘super- objects’ showing 
the allowed radionuclide transport paths between the basic biosphere objects (right). 

Terrestrial blocks

Aquatic blocks

Cropland 
irrigated

Cropland 
Non-irrigated

Mire Upland forest

Reed bed

Open water

Out



114 
 

A key assumption to be made in the modelling is to decide which compartment initially 
receives the activity released from the geosphere. In the Reference Case it is assumed 
that the activity is introduced into the deep overburden compartment, regardless of 
biotope.  

The multi-compartment modelling approach above is applied to all radionuclides of 
interest except C-14. The model for assessing exposure to releases of C-14 is based on 
the so-called specific activity approach, which has been recommended by United 
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 
(UNSCEAR 2000) and IAEA (2001) for assessment of doses from C‑14 releases to the 
environment from nuclear installations, such as nuclear power plants. The model 
applied in the present assessment is based on work by Avila & Pröhl (2008). The main 
assumption is that the long-term environmental behaviour of C-14 is modulated by the 
environmental cycles of stable carbon (C-12) and that isotopic equilibrium between C-
14 and C-12 is achieved with a constant isotopic ratio (specific activity), i.e. the same 
specific activity is observed in all environmental compartments.. 

A large number of parameter values are needed to be able to perform the radionuclide 
transport calculations within the biosphere objects, since many of the parameters are 
biotope-dependent and/or element-dependent, see Biosphere Data Basis report, 
Chapters 15, 16 and 17. 

5.5.2 The Reference Case landscape model 

The biosphere objects discussed above and the outcome of the delineation (Section 5.2) 
are used to define, or build, the mathematical landscape model, basically consisting of a 
large set of interconnected compartment models. The structure of the landscape model 
for the Reference Case, at the end of the dose assessment time window, is schematically 
illustrated in Figure 5-8. 

A key feature of the dynamics in the landscape modelling approach is that the 
ecosystem types and biotopes in biosphere objects may change with time. Table 5-1 
presents the development for 9 of the 122 super-objects in the model for the first 6 000 
years (the full histories of all objects are documented in Biosphere Radionuclide 
Transport and Dose Assessment).  

Of the agricultural biotopes (cereals, sugar beet, potatoes, peas, field vegetables, berries 
and fruits, and pasture), in the Reference Case it is assumed that all except pasture are 
irrigated if a source of (contaminated) irrigation water is close enough (section 5.2). The 
source of irrigation water is assumed to be either from a lake or a river. Table 5-2 lists 
from which biosphere objects the irrigation water is drawn for the 9 super-objects 
included in Table 5-1 (the full list of irrigation sources for all irrigated croplands is 
documented in Biosphere Radionuclide Transport and Dose Assessment). 

As mentioned in the discussion above on the structure of biosphere objects, a set of 
rules for how activity is transferred between the compartments when objects develop 
from one ecosystem type to another in the landscape model is applied. The rules to 
account for the activity in compartments that disappear are listed in Table 5-3.  
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Table 5-1. Example of how the ecosystem types develop with time for 9 of the 122 
biosphere super-objects in the landscape model; more than one letter in an object in 
one time-step means that more than one ecosystem type exists simultaneously within 
that super-object (c.f. Figures 5-7 and 5-8). 

 

Table 5-2. Example of which biosphere objects are used over time as sources of 
irrigation water for the (irrigated) croplands in Table 5-1 (c.f. Figure 5-8). 

 

Table 5-3. Source and recipient compartments used when modelling the activity 
transfer due to mass-inheritance between different ecosystems (DL: decomposition 
layer, OAL: organic accumulation layer, UML: upper mineral layer, MML: middle 
mineral layer and DO: deep overburden). 

Source compartment: Recipient objects and compartments: 

 Aquatic Cropland and Pasture Forest and Mire 

OAL Water UML OAL 

DL DL UML DL 

UML UML UML UML 

MML MML MML MML 

DO DO DO DO 

 

 

 

Object 
Year 2020 2520 3020 3520 4020 4520 5020 5520 6020 6520 7020 7520 8020

EjjC1 C C C FLA FLA FLA A A LA A A LA A

EjjC2 C C C FLA A LA A A A A A A A

EjjC3 C CF CFA FLA A LA A A A A A A A

EjjC4 C CF CF FLA A LA A A A A A A A

EjjP1 C C CA FLA FLA FLA FLA A A A A A A

EjjP2 C C C F F F F A A A A A A

EjjP3 C CF CF A A A A A A A A A A

EjjG C C C FL FL FL P P P P P P P

EjjF C C C FL F FL FL FL FL F F F F

(C) coastal sea, (F) forest, (L) lake, (A) agriculture: cultivated cropland, (P) agriculture: pasture

Object 
Year 2020 2520 3020 3520 4020 4520 5020 5520 6020 6520 7020 7520 8020

EjjC1 Internal Internal EjjR1 EjjR1 Internal EjjR1 EjjR1 Internal EjjR1

EjjC2 EjjR2 EjjR2 EjjR2 EjjR2 EjjR2 EjjR2 EjjR2 EjjR2 EjjR2

EjjC3 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1

EjjC4 StjF StjF StjF StjF StjF StjF StjF StjF EjjR2 EjjR2

EjjP1 StjF StjF StjF StjF EjjR2 EjjR2

EjjP2 StjF StjF StjF StjF EjjR2 EjjR2

EjjP3 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1 EjjR1

EjjG

EjjF

(Internal): the irrigation water is taken from a freshwater source within the same super-object
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For all soil and sediment compartments, including the decomposition and organic 
accumulation layers, the transfer rates used are data derived from the TESM modelling 
based on the yearly fractional area of one ecosystem type evolving into another type. 
Thus, a continuous rate is obtained for each layer of the basic biosphere object, 
describing the yearly amount of activity being transferred to a corresponding layer in 
the recipient object.  

When a mire or upland forest object develops into a cultivated cropland object the 
transfer of activity is implemented as a linear inheritance over 1 year. This shorter time 
of transfer is selected to better describe the human activity of turning a forest or mire 
into agricultural use, which is much more rapid than the relatively slow process of 
natural ecosystem succession. 

Handling water mixing and shared water-bodies. 
A special case of radionuclide transfer is the one where two or more aquatic parts of 
biosphere objects are delineated as being parts of a shared water-body. The assumption 
used in this assessment is that shared water-bodies should approach the same activity 
concentrations in the water compartments, and is a simplification due to the sparse 
information about the actual water exchange rates between objects. In order to 
approximate this, an additional (water) compartment was used for all aquatic objects 
that share the same water body at a given time. The objects were then setup to have a bi-
directional water exchange with this compartment. The transfer rates were weighed 
based on each individual object’s water volume compared with the sum of all volumes 
of the water objects involved. The principle used is illustrated in Figure 5-9. 

In addition to the shared water bodies, there is also the case when a biosphere object 
consists of both an open water part and a reed-covered part (implemented as two 
separate aquatic biosphere objects in the landscape model). The exchange of water 
between such paired objects was set based on a generic turnover rate of 50 times per 
year. The flux of water out from a biosphere object to a downstream object was 
assumed to be from the open water part whenever such part existed, otherwise the flux 
out was from the water part of the reed-covered aquatic object. 

Biosphere objects comprising the geosphere activity release discharge locations  
As discussed in Section 5.1, the groundwater flow distribution in a single simulation is 
used in the geosphere transport modelling; hence the discharge locations will be 
stationary during the dose assessment time window. These discharge locations are also 
limited to a relatively small area (c.f. Figures 5-1 and 5-4) which results in them all 
being located within the same biosphere object – EjjG. As seen in Table 5-7, and 
illustrated in Figure 5-10, the super-object EjjG is a coastal ecosystem (comprising a 
reed bed biotope and an open water biotope) for the first millennia, hence any potential 
activity releases are mixed with the deep sediment. In the succession from coast to 
pasture land, object EjjG undergoes a period when it contains a lake and a forest 
(denoted ‘FL’ in Table 5-7). Whether the potential activity releases are mixed with the 
deep sediment in the lake, the deep soil of the forest or are distributed between them is 
determined by the TESM projections. All three discharge points are located in the forest 
part of object EjjG at year 4020. At year 5020 and beyond, the super object EjjG 
comprises a single pasture biotope, hence any potential activity releases are mixed with 
the deep soil. 
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Figure 5-9. Illustration of the method used to approximate the effects of shared water 
bodies using a single added common water compartment representing the total volume 
of all individual aquatic objects (this compartment is only used for approximating the 
distribution of the radionuclides between the objects A, B and C at a given time, and is 
not used for propagating any activity to the dose calculations). In the example shown, 
the transfer rates in both directions between the object A and the shared water 
compartment is shown. In the expressions, V(shared)is the sum of all objects water 
volumes, i.e. V(shared) = V(A) + V(B) + V(C). The turnover rate for coastal objects 
were taken to be 50 times per year and common for all objects 

 

 

Figure 5-10. The development with time for the super-object EjjG. In the time period 
from year 2020 to 3020 (left), EjjG is a coastal ecosystem (reed bed and open water 
biotopes); in the time period from year 3520 to 4520 (middle), EjjG is contains a lake 
(reed bed and open water biotopes) and an upland forest (groove biotope); In the time 
period from year 5020 to the end of the dose assessment time window (right), EjjG is a 
cropland (a non-irrigated pasture biotope).  

 

 

 

 

Shared water 
compartment 

B 

A 

C 

Transfer rate from A to shared water 
compartment =  
V(shared) / V(A)  x Turnover rate 

Transfer rate from shared water 
compartment to A =  
V(A) / V(shared)  x Turnover rate 

Terrestrial blocks

Aquatic blocks

Cropland 
irrigated

Cropland 
Non-irrigated

Mire Upland forest

Reed bed

Open water

Out

Years
2020 – 3020

Terrestrial blocks

Aquatic blocks

Cropland 
irrigated

Cropland 
Non-irrigated

Mire Upland forest

Reed bed

Open water

Out

Years
3520 – 4520

Terrestrial blocks

Aquatic blocks

Cropland 
irrigated

Cropland 
Non-irrigated

Mire Upland forest

Reed bed

Open water

Out

Years
5020 – 12020



119 
 

5.6 Radiological impact analysis 

This section briefly presents the assumptions and models for deriving the radiation dose 
quantities used in the compliance assessment. The presentation is made for doses to 
humans and for plants and animals separately. The models are documented in detail in 
Biosphere Radionuclide Transport and Dose Assessment, Dose Assessment of Plants 
and Animals, and the data used are documented in detail in Biosphere Data Basis. 

5.6.1 Assessing annual doses to humans 

Humans may be exposed both externally and internally to radionuclides in the 
environment. The core of the radiological impact analysis is to quantify this exposure in 
terms of radiation doses. The dose calculation methodology applied in the present 
assessment is presented in detail in Biosphere Radionuclide Transport and Dose 
Assessment follows the deterministic concept described in Avila & Bergström (2006), 
which considers the main pathways leading to chronic external or internal exposure that 
may arise from the input of radionuclides into the surface environment with 
contaminated groundwater. The exposure pathways comprise intake of contaminated 
water and food, inhalation of contaminated air, and external exposure from 
contaminated ground13. Other internal exposure pathways in which radionuclides 
penetrate into the body, for example inadvertent ingestion of soil or through the skin, 
are judged insignificant in the context of this methodology. The dose calculations 
relating to intake of food are based the annual demand for carbon, which is related to 
the food energy intake. 

When calculating doses, environmental information and exposure characteristics 
(section 2.8.1) are needed.  

The environmental information needed, the connections to other sub-processes in the 
biosphere assessment, and key assumptions made in the Reference Case are summarised 
as follows. 

 It is necessary to specify whether the biosphere object may provide household 
water, this can be the case if it includes a lake or river or if it contains an 
anthropogenic well. In the Reference Case, it is assumed that there are shallow 
wells (depth less than 100 m) at the site, both dug in the overburden and drilled 
into bedrock. The number of wells included is based on the present-day regional 
density of wells. 

 A livestock farm is assumed to exist that uses the modelled area for watering the 
animals and as pasture land. The selected mix and husbandry of livestock is 
representative of present-day production of food from animals (dairy and beef 
cows, sheep and pigs). Cows and sheep are assumed to be grazing animals. 

                                                 

13 The external exposure from air and water is negligible for all radionuclides of concern, while for radionuclides with high gamma-
energy and low bioavailability, the external exposure to radionuclides accumulated in the ground (soil) could give an important 
contribution to the total dose (Avila & Bergstöm 2006, p.3). 
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The key exposure characteristics needed, the connection to other sub-processes in the 
biosphere assessment, and key assumptions made in the Reference Case are summarised 
as follows. 

 No assumption on the dietary profile is made in the Reference Case (i.e. no 
preference for any particular food). 

 The total number of exposed individuals is selected to be consistent with the 
present-day demography; assuming that the exposed population will be of the 
same size as the present-day population of the Eurajoki Municipality, hence about 
6000 individuals. This number may be higher if the production of contaminated 
edibles is large or the area of contaminated land is large, see bullet points below. 

 The total production of contaminated edibles from the whole modelled area is 
consumed by humans. If the situation were to occur that the total production could 
support a larger population than the present-day population of the Eurajoki 
Municipality (see bullet point above), the total number of exposed individuals 
would be increased to match the production capacity from the contaminated land.  

 All individuals in the exposed population are assumed to draw their drinking 
water from the most contaminated freshwater object, if such exists, except for a 
few families that drink water from a shallow anthropogenic well (see below). 
Even though a rather small river or lake may have the potential to provide 
drinking water to a, in this context, large population, it is assumed that the size of 
the population is no larger than the present-day population of the Eurajoki 
Municipality.  

 Some families in the exposed population draw their (contaminated) household 
water from a shallow well. The number of wells at the site is based on present-day 
habits (well density in the region) and their locations are based on the surface 
hydrological modelling results. Further it is assumed that each well supplies 
household water to only one family.  

 The number of individuals assumed to live in the area, hence subject to external 
exposure from the ground, is based on the total suitable residential area (basically 
the total forest area). A much denser population than at the present-day in the 
region is cautiously assumed and people’s dwellings are not modelled explicitly 
and do not affect for example the productivity of the forests. If the situation were 
to occur that the total contaminated forest area could house a larger population 
than the present-day population of the Eurajoki Municipality, the total number of 
exposed individuals would be increased to match the capacity of contaminated 
forest land for dwellings. 

The present assessment applies the environmental information and exposure 
characteristics to calculate values of landscape dose, defined as the pathway-, 
radionuclide- and biosphere object-specific annual dose to a person. The exposure 
pathways inhalation and external exposure are combined into the same dose quantity in 
the dose calculation, whereas the contributions from ingestion of food and water 
consumption are kept separate. The reason for this is that the external exposure from 
ground and inhalation of air pathways occur simultaneously, at the same location 
(biosphere object). This may not always be the case for consumed food and water; they 
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may originate from different locations and hence different biosphere objects. This 
approach gives the possibility to calculate the dose to a person who, for example, drinks 
water from a nearby lake and eats food produced by a nearby farm. The landscape dose 
from water consumption is calculated for the most likely drinking water sources, hence 
lakes, rivers and wells. The landscape dose from inhalation and external exposure is 
only calculated for terrestrial objects, i.e., forests, wetlands and croplands.  

The pathway-specific landscape doses are combined to obtain the annual landscape 
dose, EALD, simply by summing the dose maxima from each pathway. Then the EALD is 
calculated for each exposed person and the resulting distribution of EALD between the 
different persons is the dose distribution. The derivation of the dose distribution is 
performed iteratively, starting by deriving EALD to the most exposed person, and then 
subtracting what caused that person’s exposure from the landscape model (such as the 
annual demand of food for a person or the size of the residential area that person is 
assumed to occupy). Then, the annual landscape dose to the second most exposed 
person is derived, taking into account what the most exposed person has “used” from 
the landscape. This procedure is repeated until NW (the default maximum size of the 
exposed population) is reached. This approach to deriving the dose distribution ensures 
that no potentially highly exposed groups are excluded. The dose distribution forms the 
basis for identifying annual landscape doses to representative persons for the most 
exposed people and other people. 

The most exposed group is identified as a sub-group in the exposed population that 
receives the highest doses. The ICRP recommends, for probabilistic assessments, using 
the 95th dose percentile as the basis for selection of the most exposed group and that the 
characteristics of these people need to be explored in the case when relevant dose 
constraints might be exceeded by a few tens of people or more (ICRP 2006). Even 
though the present Posiva dose assessment is deterministic, a size for the most exposed 
group not larger than a few tens of people is considered appropriate. In this assessment 
the 20 most exposed persons are selected to constitute the most exposed group. The 
group of other exposed people is then simply identified as the whole exposed population 
excluding the most exposed group. The annual dose endpoints to use in the compliance 
assessment are then defined as: 

 Emost_exp - the annual landscape dose to a representative person within the most 
exposed group, selected as the average EALD for all individuals in the most 
exposed group; 

 Eother - the annual landscape dose to a representative person among other exposed 
people, selected as the average EALD for all individuals in the group of other 
exposed people. 

5.6.2 Assessing typical absorbed dose rates to plants and animals 

As discussed in Section 2.8.2, typical absorbed dose rates are calculated for a set of 
representative species. Once they have been selected, representative species are 
simplified in terms of geometry and habits for the purposes of dose calculations. 

Each organism is represented by an ellipsoid of dimension and mass commensurate 
with that organism. Ellipsoids are then used as a means of calculating dose conversion 
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coefficients (DCC) that enable absorbed dose rates to be calculated. Two sets of DCC’s 
are applied:  

 DCCext relates the activity concentration of a radionuclide in environmental media 
(soil, sediment, water or air) to the external absorbed dose rate (µGy/h) received 
by the organism in relation to its occupancy habits in the environmental media;  

 DCCint then provides the mechanism by which internal absorbed dose rate 
(µGy/h) can be calculated in relation to radionuclides within the body of the 
organism.  

The values of the DCC, both external and internal, are dependent upon the size and 
geometry of the organism and its position relative to environmental media. The 
geometrical representation of each of the selected assessment species was based on site 
data where available. Ecology experts were tasked with identifying data relating to the 
length, width and height of each species such that they could be represented by an 
appropriate ellipsoid for the purposes of dose calculations. The axes of an ellipsoid are 
illustrated in Figure 5-11. DCCs for each representative species were calculated using 
the ‘add reference organism’ functionality within the ERICA assessment tool (the 
ERICA Tool). 

Each species with defined ellipsoidal geometry is then allocated a biotope occupancy 
and habitat occupancy, depending upon the habits of the species, allowing external 
doses to be calculated with respect to calculated environmental activity concentrations. 

Within each of the aquatic and terrestrial ecosystems, distinct biotopes have been 
identified. Terrestrial biotopes include rock forest, heath forest, groves, mires (coastal 
and freshwater) and croplands. Aquatic biotopes include freshwater lakes, freshwater 
reed beds, coastal reed beds, coastal areas and open sea. Depending upon the ecological 
characteristics of plants and animals they may inhabit one or more of these biotopes. 
The biotope occupancy factors assigned to each species therefore indicate the 
proportion of time spent in one or other of the available biotopes.  

      Photo: Karen Smith (RadEcol Consulting Ltd) 

Figure 5-11. Illustrative approach to the assignment of ellipsoid dimensions for the 
representative species frog, where L, W and H represent length, width and breadth 
dimensions respectively. 
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In some instances, for example plants and those animals that only range over a small 
area, occupancy of individuals within a population may be restricted to a single biotope 
such that an occupancy factor of 1 would be assigned. Where individuals would be 
reasonably expected to occupy different biotopes without migration between them, 
different exemplars are identified. For example, bank voles can reasonably be assumed 
to occupy groves, heath forests, rock forests, mires and croplands yet the individual 
range of a bank vole is such that it can be reasonably assumed that individuals remain 
within a single biotope. In the case of animals with larger individual ranges such as 
brown bear or moose, occupancy within a single biotope is unlikely: individuals would 
be expected to move between the different forest and mire biotopes. A number of the 
representative animals are also semi-aquatic in their habits and movement between 
terrestrial and freshwater and/or brackish water environments requires consideration. 
Movement between biotopes, i.e. transient behaviour, has been accounted for by 
assigning proportional biotope occupancies. The resultant biotope occupancy factors for 
each representative species exemplar are presented in Dose Assessment for Plants and 
Animals, Appendix C-1. 

Terrestrial and aquatic biotopes, when considered on a simplified level, can be sub-
divided into a number of vertical habitats. These consist of soil or sediment layers, 
organic detritus (e.g. litter layers), photic and aphotic zones in water bodies, and air. 
Habitat occupancy factors describe the behaviour of the representative species in terms 
of their positions within the vertical profile of each biotope. The habitat occupancy 
factors take into account the typical behaviour of the representative species over the 
course of a year, including hibernation where appropriate. The habitat occupancy 
factors assigned to represent this behaviour are summarised in Dose Assessment for 
Plants and Animals, Appendix C. 

Internal concentrations of radionuclides, from which internal dose rates are calculated 
are determined by use of a concentration ratio which related the concentration within 
the organism (taken as whole-body, uniform contamination) relative to the 
environmental media (primarily soil, sediment or water, although for terrestrial 
organisms, concentration ratios for C-14 are expressed relative to air). 

The internal absorbed dose rate is calculated for each representative species by 
multiplying the internal DCC for each radionuclide in the organism with the internal 
concentration of each radionuclide, then sum over all radionuclides. Weighting factors 
are then applied to take account of the relative biological effectiveness of different types 
of radiation. 

The external absorbed dose rate is calculated for each representative species by 
multiplying the external DCC for each radionuclide in the reference environmental 
media corresponding for each habitat with the concentration of each radionuclide in 
each habitat. The radionuclide-and habitat-specific dose rates are then summed over all 
radionuclides and all habitats the representative species in question occupy, taking the 
habitat occupancy factor into account. Weighting factors are applied here also to take 
account of the differing biological effectiveness of different types of ionising radiation.  

The total absorbed dose rate to each representative species exemplar has been calculated 
as the sum of internal and external weighted dose rates. Total dose rate is calculated for 
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each representative species occupant within individual biosphere objects throughout the 
modelled area and for each 50 year simulation time-step.  

Identification of typical absorbed dose rates and compliance assessment 
Typical absorbed dose rates have been calculated by deriving an area-weighted dose 
rate for each representative species exemplar throughout the modelled area, excluding 
the parts with no contamination. For example, in the case of an adder that is an occupant 
of grove biotopes, the dose rate within a single grove biotope is multiplied by the area 
of that biotope. This is repeated for each grove biotope across the assessment area and 
the average dose rate for all grove biotopes calculated. The area weighted absorbed dose 
rate is computed for each 50 year simulation time-step (i.e. ecosystem development 
throughout the dose assessment time window is taken into account).    

For species transient between different biotopes, the same approach is taken to calculate 
the area weighted absorbed dose rate per biotope. The relative biotope occupancy is 
then applied to calculate the absorbed dose rate according to time spent between the 
different biotopes.  

The maxima of the typical absorbed dose rates for the representative species exemplar 
over the whole dose assessment time window are then the quantity used to demonstrate 
that exposures are clearly below levels which would cause harm.  Currently there are no 
internationally agreed protection criteria for wildlife although a range of screening 
levels and benchmarks have been proposed for consideration. In the present assessment, 
the derived typical absorbed dose rates are interpreted in regard to both the 
ERICA/PROTECT screening value of 10 microGy/h and the ICRP DCRL14s, which 
provide a more restrictive screening value for vertebrates of 4 microGy/h (see 
discussion in Dose Assessment for Plants and Animals, Section 3.2).   

The approach to deriving typical absorbed dose rates for representative species is 
broadly commensurate with that applied in deriving annual dose to a representative 
person among other exposed people (Section 2.8.1). 

                                                 

14 The approach taken by ICRP (2008) was to present order of magnitude dose rate bands for each reference animal and plant. These 
bands are termed Derived Consideration Reference Levels (DCRLs); the lower end of the DCRLs could be interpreted as 
screening values below which significant harm is unlikely. 
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6 MAIN FINDINGS 

This chapter summarises the main findings from the biosphere assessment; details   of 
the results are presented in the four supporting reports: Terrain and Ecosystems 
Development Modelling, Surface and Near-Surface Hydrological Modelling, Biosphere 
Radionuclide Transport and Dose Assessment and Dose Assessment for Plants and 
Animals. The outcome of the screening analysis is presented in section 6.1, the results 
from analysing the Reference Case in section 6.2 and the cases analysed under the 
variant and disturbance scenarios in sections 6.3 and 6.4. 

6.1 Screening analysis 

The results from the screening analysis (RQ from Tier 1 and Tier 2) on the resulting 
geosphere releases of the repository calculation cases propagated to the biosphere 
assessment (Table 4.3) are presented in Tables 6.1 to 6.2. All radionuclides with a non-
zero activity release from the geosphere during the first 15,000 years after emplacement 
of the first canister are included in the analysis. The Tier 1 analysis shows (Table 6-1) 
that six radionuclides (Ni-59, Sr-90, Nb-91, Nb-92, and Pd-107) are screened out for all 
repository calculation cases. These five are not propagated to Tier 2. The Tier 2 analysis 
shows (Table 6-2) that two additional radionuclides (Nb-93m and Ra-226) are screened 
out for all repository calculation cases.  

Table 6-1. RQ maxima for the repository calculation cases (see Table 4-6 for more info 
on the cases) analysed with Tier 1. 

Repository 
calculation case 

Radionuclide 
     

 C-14 Cl-36 Ni-59 Se-79 Sr-90 Mo-93 Pd-107 

BS-RC 2.6E+07 3.2E+05 5.6E-08 7.1E-02 7.4E-06 2.1E+01 4.7E-06 

BS-LOC1 1.9E+07 2.2E+05 - 5.1E-02 - 2.1E-01 - 

BS-LOC2 2.3E+07 2.8E+05 3.2E-10 6.1E-02 5.4E-06 1.6E+01 5.5E-06 

BS-ANNFF 2.6E+07 3.2E+05 6.5E-08 7.1E-02 7.0E-06 6.9E+02 7.7E-09 

BS-TIME 1.3E+07 1.8E+05 - 4.9E-02 - 5.9E+00 2.4E-07 

VS1-BRACKISH 2.2E+08 2.3E+06 - 4.2E-01 8.6E-06 1.1E+02 - 

VS1-HIPH-NF 2.2E+08 2.6E+06 - 1.7E+03 4.5E-06 1.3E+03 - 

VS1-HIPH 2.2E+08 2.6E+06 - 1.7E+03 3.5E-04 2.0E+03 - 

AIC-LI 1.0E+08 2.8E+06 - 4.3E+00 7.7E-06 2.1E+01 7.2E-04 
        

 Nb-91 Nb-92 Nb-93m Nb-94 I-129 Ra-226 Ag-108m

BS-RC - - 7.3E-01 - 1.1E+06 1.7E+01 4.7E+03 

BS-LOC1 - - 9.0E-04 - 7.9E+05 - 1.5E+03 

BS-LOC2 - - 1.5E-02 - 9.4E+05 5.3E+00 4.1E+03 

BS-ANNFF 1.5E-06 3.2E-02 2.2E+02 1.9E+05 1.1E+06 2.5E+01 6.4E+03 

BS-TIME - - 2.1E-01 - 7.5E+05 3.3E+00 1.1E+01 

VS1-BRACKISH - - 3.7E+00 - 6.4E+06 1.4E+00 5.6E+03 

VS1-HIPH-NF - - 4.0E+01 - 7.3E+06 4.7E+02 1.1E+04 

VS1-HIPH - - 6.9E+01 - 7.5E+06 2.2E+04 1.1E+04 

AIC-LI - - - - 6.7E+06 2.3E+01 1.2E+04 
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Table 6-2. RQ maxima for the repository calculation cases (see Table 4-6 for more info 
on the cases) analysed with Tier 2. 

Repository 
calculation case 

Radionuclide  

 C-14 Cl-36 Se-79 Mo-93 Nb-93m 

BS-RC 2.4E+03 8.6E+03 1.1E-03 1.0E+00 3.3E-04 

BS-LOC1 1.6E+03 6.9E+03 9.2E-04 2.5E-02 4.3E-06 

BS-LOC2 2.1E+03 7.4E+03 9.5E-04 7.8E-01 1.4E-05 

BS-ANNFF 2.4E+03 8.5E+03 1.1E-03 4.4E+01 7.0E-02 

BS-TIME 1.5E+03 8.0E+03 1.1E-03 4.9E-01 1.2E-04 

VS1-HIPH-NF 2.3E+04 1.2E+05 5.1E+01 7.2E+01 1.2E-02 

VS1-HIPH 2.3E+04 1.1E+05 5.0E+01 1.0E+02 2.1E-02 

VS1-BRACKISH 2.3E+04 9.8E+04 1.2E-02 7.6E+00 1.4E-03 

AIC-LI 6.5E+05 6.1E+06 6.3E+00 1.1E+00 - 
      

 Nb-94 I-129 Ra-226 Ag-108m  

BS-RC - 4.0E+01 7.8E-04 1.4E+00  

BS-LOC1 - 3.4E+01 - 3.7E-01  

BS-LOC2 - 3.5E+01 2.9E-04 1.2E+00  

BS-ANNFF 5.3E+02 4.4E+01 1.2E-03 2.4E+00  

BS-TIME - 3.9E+01 3.0E-04 3.3E-03  

VS1-HIPH-NF - 5.1E+02 2.9E-02 2.7E+00  

VS1-HIPH - 5.3E+02 6.2E-01 2.8E+00  

VS1-BRACKISH - 4.5E+02 1.6E-04 1.4E+00  

AIC-LI - 2.5E+04 4.6E-03 3.6E+00  

 

The geosphere releases contain 14 radionuclides (of 11 different elements) with a non-
zero activity and the screening evaluation screens out seven radionuclides (four 
elements) from further analysis with the landscape modelling; these are Ni-59, Sr-90, 
Nb-91, Nb-92, Nb-93m, Pd-107 and Ra-226 and Th-230. The radionuclides propagated 
to further analysis with landscape modelling are C-14, Cl-36, Se-79, Mo-93, Nb-94, 
Ag-108m and I-129. 

6.2 Analysis of the Reference Case 

This section summarises the results for the Reference Case (BSA-RC), which is the 
only case for the surface environment base scenario.  
 
6.2.1 Surface environment development 

Terrain and ecosystems projections 
The projection of the development of the terrain and ecosystems in the surface 
environment for the Reference Case is presented in details in Terrain and Ecosystems 
Development Modelling. Two illustrative examples are shown in Figures 6-1 and 6-2. 
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Figure 6-2. Surface environment projections for three time steps in the Reference Case. 
The approximate location of central part the repository is indicated with a red circle 
and the discharge locations with a green circle.   
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Figure 6-3. Ecosystem projections in the Reference Case (grey lines indicate the 
present coastline) and the discharge locations are indicated with a blue circle. 
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Surface and near-surface hydrology 
The location and maximum extent of terrestrial (forests, cropland, pasture) and aquatic 
biosphere objects (coastal area, lakes, rivers) that can possibly receive radionuclides 
were delineated using the UNTAMO-toolbox for the years 2020, 2520, …, 12520 (in 
500 year intervals) and these data were provided as input data to the SHYD modelling. 
The Olkiluoto Surface Hydrological Model (section 5.3) was used to calculate the 
vertical and horizontal fluxes for the ecosystem objects. The total number of flux, water 
content and water amount (the water content multiplied by the layer thickness) variables 
is 37 in the assessment. Well fluxes are the most important addition to the new version 
of the model.  

The climate scenario chosen for the Reference Case (Pimenoff et al. 2012) is very 
similar to the present-day climate and, therefore, it is possible to compare measured 
values of interception and transpiration with values computed in the model for forested 
objects. Moreover, runoff measurements are available for checking the validity of 
computed overall water balances of biosphere objects. The values computed with the 
SHYD model are in the same range as the values measured in FIP-areas (Forest 
Intensive Monitoring plots) and detailed results of water balance analyses are shown in 
Karvonen (2013). In forested objects, the computed sum of transpiration and 
interception varies between 270 and 410 mm/y (average value 330 mm/y) and runoff 
varies between 145 and 294 mm/y (average value 220 mm/y).  In cropland objects, the 
computed runoff is slightly larger than in forested objects (average value 250 mm/y) 
due to the efficient drainage system that is assumed to be installed in cropland areas.  
Moreover, cropland areas are irrigated (average amount of irrigation is 31 mm/y), which 
also influences the overall water balance.  

Average values of discharge from bedrock to terrestrial objects are relatively small 
compared with the precipitation flux, which varies between 550 and 630 mm/y during 
the dose assessment time window. Average discharge from bedrock to forested objects 
is 2.5 mm/y (0.1-10.1 mm/y), to cropland objects it is 3.1 mm/y (0.1-10.4 mm/y) and to 
pasture objects it is 1.4 mm/y (0.2-2.5 mm/y).  

The influence of wells is taken into account by converting the overall pumping from a 
single household well (500 m3/y) into a flux (m/y) by dividing the well abstraction by 
the area of the object. Well abstractions are taken from deep overburden, middle and 
upper mineral layers. For a drilled well some part of the well discharge is taken from the 
shallow bedrock. Details of well abstraction computations are given in Karvonen 
(2013). The relative influence of well discharge depends on the area of the object: the 
smaller the size of the object the larger the influence of the well. The average 
contribution of wells is around 12 mm/y in those objects that include a well (the 
maximum value is 35 mm/y). According to model results, 81 % of well discharge is 
taken from deep overburden soils, 16 % from the middle mineral layer and 3 % from the 
upper mineral layer. In forested objects that include well pumping, the radionuclides 
transported from bedrock to overburden soils to a large extent move horizontally 
towards the well in deep overburden soils. In forested biosphere objects that include a 
well, the average horizontal lateral flow (interflow) out of the object in deep overburden 
soils is around 12 mm/y whereas the corresponding value is 24 mm/y in those objects 
that do not include a well.   
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6.2.2 Landscape modelling 

The landscape model for the Reference Case is described in section 5.5. Below selected 
activity concentrations and in environmental media presented, for details see the 
Radionuclide Transport and Dose Assessment Modelling report. 

The screening analysis (section 6.1) for repository case BS-RC results in five 
radionuclides being included in the biosphere calculation case BSA-RC: C-14, Cl-36, 
Mo-93, Ag-108m and I-129. 

Figure 6-4 shows the activity concentrations in the deep overburden for biosphere 
object EjjG, which is the compartment receiving the primary geosphere releases in the 
Reference Case. Object EjjG is under sea water when the geosphere releases reach the 
surface environment shortly after calendar year 3000. The object develops first into a 
forest and a lake (containing reed an open water biotopes), and then into an agricultural 
ecosystem (pasture biotope).  

Figure 6-5 shows the activity concentrations in the same biosphere object, EjjG, but for 
the water column and upper mineral soil compartments. These are the compartments 
where the transfer of radionuclides from environmental media to vegetation occur, and, 
hence, are the key compartments for the resulting doses. Comparing Figure 6-4 and 6-5 
shows that the activity concentration in the upper mineral soil is roughly 1-2 orders of 
magnitude lower than in the deep overburden. This indicates that the major part of the 
radionuclide fluxes are either retained in the deeper soil layers or are transported 
downstream by horizontal water fluxes. 

The activity concentrations in the water column of the reed biotope in biosphere object 
Ej7M1 (top) and the water column of the open water biotope and in the well water in 
biosphere object EjjF are presented in Figure 6-6. These are the biosphere objects 
contributing most to the Emost_exp maximum occurring at year 5020 (see Section 6.2.3). 
The reed biotope in Ej7M1 gives the highest dose due to ingestion of food and the water 
in EjjF gives the highest dose due to drinking well water (sustains 5 persons in the most 
exposed group) or water from the lake (sustains the remaining 15 persons in the most 
exposed group). 

The activity concentrations in the water column of the open water biotope in biosphere 
object EjjC2 are presented in Figure 6-7. This is the biosphere object dominating the 
Eother maximum, due to ingestion of drinking water, occurring at year 3970 (see 
Section 6.2.3). 
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Figure 6-4. Activity concentrations in the deep overburden for biosphere object EjjG 
(the compartment and biosphere object receiving the geosphere releases) for the 
calculation case BSA-RC. The vertical black dashed line indicates time points in the 
ecosystem development when the lake forms (top) and forest and pasture land form 
(below) (c.f. Table-5-1). Note that the lake consists of two biotopes: open water (solid 
lines) and reed bed (dashed lines). 
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Figure 6-5. Activity concentrations in the water column (top) and upper mineral soil 
(below) for biosphere object EjjG for the calculation case BSA-RC. The vertical black 
dashed line indicates time points in the ecosystem development when the lake forms 
(top) and forest and pasture land form (below) (c.f. Table 5-1). Note that the lake 
consists of two biotopes: open water (solid lines) and reed bed (dashed lines) and that 
the activity concentration of Mo-93 in the water column is too low to be shown in the 
plot (maximum value is 2E-18 Bq/m3). 
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Figure 6-6. Activity concentrations in the water column of the reed biotope in biosphere 
object Ej7M1 (top) and in the water column of the open water biotope and in the well 
water in biosphere object EjjF (below) for the calculation case BSA-RC. The vertical 
black dashed line indicates the time when the lake and forest form. Note that the dashed 
lines in the figure are the activity concentrations in the well water and that the activity 
concentration of Mo-93 in the water in EjjF is too low to be shown in the plot 
(maximum value is 3E-14 Bq/m3). 
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Figure 6-7. Activity concentrations in the water column of the open water biotope in 
biosphere object EjjC2 for the calculation case BSA-RC. The vertical black dashed line 
indicates the time when the lake forms from the sea. 

6.2.3 Radiological impact analysis 

The dose models for the Reference Case are described in section 5.6. Below selected 
simulation results are presented, for details see Radionuclide Transport and Dose 
Assessment Modelling and Dose Assessment for Plants and Animals. 

Doses to humans 
The annual doses to humans have been calculated with the methodology and model 
described in sections 2.8.1 and 5.6. The resulting dose distribution for the Reference 
Case is shown for all exposed persons in Figure 6-8a and for the 100 most exposed in 
Figure 6-8b. The figures show, especially 6-8b, that only a few persons may receive the 
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presented in Figure 6-9. The annual dose maximum for Emost_exp is 2.0·10-7 mSv and 
occurs in the simulation at year 5020, and the corresponding annual dose maximum for 
Eother is 1.3·10-9 mSv and occurs in the simulation at year 3970. These annual doses are 
more than 5 orders of magnitude below the regulatory radiation dose constraints. The 
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shapes of the dose curves in Figure 6-8 are more irregular than the shapes of the release 
rate curves (see for example the normalised geosphere release rates in Synthesis, 
Figure 8-6a). These extra structures in the dose curves are mainly the effect of the 
dynamics in the landscape model and that the dose is calculated by summing exposure 
pathway-specific contributions from several biosphere objects. The dynamics in the 
development of biosphere objects, especially changes in their geometries and the 
hydrology, have a strong influence on the resulting activity concentrations in both 
environmental media in contaminated biosphere objects and in the foodstuffs the objects 
produce. For example, when a lake develops into an agricultural or terrestrial ecosystem 
it may lead to a steep increase in the activity concentration in the shrinking water 
volume when it dries out. 

Figures 6-10 and 6-11 shows Emost_exp and Eother, including also the contributions from 
each radionuclide. As seen in these figures, C-14 dominates the annual doses. This is a 
direct consequence of C-14 dominating the geosphere releases in the repository 
calculation case BS-RC during the dose assessment time window. A few interesting 
observations regarding the maximum value for Emost_exp (2.0·10-7 mSv, occurs at 
year 5020) are summarised below. 

 C-14 dominates the annual dose with a contribution of 92%, I-129 is the second 
most important radionuclide for the annual dose, contributing 8%. Cl-36 is the 
third most important, but contributes only 0.3%. Ag-108m and Mo-93 make no 
significant contribution to the annual dose (<0.01 %). 

 The most important exposure pathway is water ingestion, contributing 66% to 
the annual dose. Ingestion of food is also a significant pathway, contributing 
34% to the annual dose. The exposure pathways inhalation of air and external 
irradiation are less significant, contributing only 0.1% to the annual dose. 

 Five persons of the 20 in the most exposed group get exposed from the drinking 
water from an overburden well in the forest part of the biosphere object EjjF. 
These five persons receive an annual dose of 5.4·10-7 mSv from drinking the 
well water, which is the reason why the exposure pathway ingestion of drinking 
water has the highest contribution to the maximum of Emost_exp. The remaining 
15 persons in the most exposed group obtain their drinking water from the lake 
part of the same biosphere object, EjjF, and they receive an annual dose of 
3.1·10-11 mSv from drinking the water. 

 The food ingestion dose to the 20 persons in the most exposed group originate 
mainly from only one source – edibles from aquatic biotopes. This diet results in 
cautious estimates of doses. By assuming a more realistic dietary profile, the 
doses to most exposed people would be lower since the approach to identifying 
the most exposed group described in this report results in a group with excessive 
intake of some food groups, in this case fish (c.f. Section 6.3.6). 

 The annual dose from food ingestion originates from many objects; to sustain 
the 20 persons in the most exposed group, the production of edibles from 59 
different biosphere objects is needed. The single person receiving the highest 
dose needs to obtain the food from 11 biosphere objects, of which one is a 
coastal object and the rest are freshwater objects. 
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Similarly, some interesting observations regarding the maximum value for Eother 
(1.3·10-9 mSv occurring in the simulation at year 3970) are summarised below.  

 C-14 totally dominates the annual dose (99.9%). 

 The totally dominating exposure pathways is ingestion of drinking water, which 
contributes more than 99.99% to the annual dose.  

 Almost all of the 5980 persons in the exposed group representing the ‘other 
people’ receive their annual dose of 1.3·10-9 mSv by drinking the water from the 
lake in biosphere object EjjC2. Since the assumption is made that if a well exists 
that will be the preferred water source for one household, a group of five persons 
draw their drinking water from an overburden well in the forest part of biosphere 
object EjjF. These five persons receive a much lower annual dose, 5.4·10-14 mSv, 
due to ingestion of drinking water. 
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Figure 6-8a. The dose distribution (EALD for each exposed person) for all 6000 persons 
in the exposed population (top) and limited to the 100 most exposed persons (below), 
for the calculation case BSA-RC. 
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Figure 6-8b. The dose distribution (EALD for each exposed person) for the 6000 persons 
in the exposed population at years 3970 and 7270 for the calculation case BSA-RC. 

 

 
Figure 6-9. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for the calculation case BSA-RC. 
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Figure 6-10. The annual dose to a representative person within the most exposed group 
(Emost_exp) and the contributions from each radionuclide for the calculation case 
BSA-RC. 

 
Figure 6-11. The annual dose to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation case BSA-RC. 
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Doses to plants and animals 
The absorbed dose rates to plants and animals have been calculated with the 
methodology and model described in sections 2.8.2 and 5.6. For each of the biotopes 
occupied, the representative species calculated to receive the greatest typical absorbed 
dose rate and the time at which maximal exposure occurs is presented in Table 6-3.  

The highest dose rates were calculated for freshwater species: dose rates for a 
representative species in freshwater are around a factor of 4 greater than the same 
species in brackish water biotopes. The most exposed species in freshwater biotopes is 
pike, which is calculated to receive a maximum dose rate of 2.6·10-7 microGy/h. 
However this dose rate was only marginally greater than for other freshwater biota; the 
lowest dose rate in freshwater biotopes was calculated as 1.8·10-7 microGy/h to 
raphidophyte. The freshwater dose rates are dominated by the contribution from C-14 
incorporated within the organisms. The highest dose rate therefore corresponds to the 
largest species that occupies the water column; whilst larger species are present in 
freshwater biotopes, these are either semi-aquatic (e.g. otter, beaver) or have a large 
proportion of their habitat occupancy assigned to the on-water compartment (e.g. 
emergent vegetation, mallard). Whilst the larger organisms are calculated to receive the 
greatest dose rate, as a consequence of C-14, it should be noted that size plays only a 
minor role: the difference in dose rate between the largest (pike) and smallest 
(raphidophyte) organisms is just 8·10-8 microGy/h. 

The same situation arises within brackish water biotopes whereby grey seal, as the 
largest water column inhabiting organism, receives the greatest typical dose rate 
(6.4·10-8 microGy/h) due to incorporation of C-14. Again, little difference is observed 
between the dose rate to the most exposed organism and the least exposed organism 
(3.8·10-8 microGy/h to common Eider). Of the semi-aquatic species considered in the 
assessment, beaver, as the largest organism, is calculated to receive the greatest dose 
rate at 2.0·10-7 microGy/h. C-14 is again the key contributor to dose. The greater dose 
rate calculated for beaver as compared with grey seal results from the occupancy of 
beaver within freshwater biotopes that themselves have greater C-14 concentrations 
than brackish water biotopes. 

Dose rates to terrestrial species are very much lower than those for freshwater biotopes: 
the maximum dose rate is calculated as 9.7·10-9 microGy/h to hazel grouse egg in rock 
forest, heath forest and grove biotopes. The key contributors to dose were I-129 (65%) 
and Cl-36 (35%). The contribution from I-129 is a consequence of the relatively high 
concentration ratio applied. 

The typical absorbed dose rates during the dose assessment time window for the four 
most exposed organisms in terrestrial, freshwater, brackish, semi-aquatic (terrestrial and 
aquatic) environments are presented in Figure 6-12. 
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Table 6-3. Representative species receiving the highest typical dose rates for the 
calculation case BSA-RC.  
Ecosystem Biotope 

occupancy 
Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Key radionuclides 
contributing to dose 

(%) 

Terrestrial Upland forest (a) Hazel grouse egg 9.7E-9 6520 I-129 (65%) 
Cl-36 (35%) 

Mire (b) Hazel grouse egg - - - 

Cropland  Common frog 4.9E-9 8970 Cl-36 (97%) 

Transient Brown bear 3.8E-9 4970 Cl-36 (98%) 

Freshwater  Lake Canadian waterweed 

Clasping-leaf pondweed 

Duck mussel 

Signal crayfish 

2.6E-7 11520 C-14 (100%) 

Lake reed bed Canadian waterweed 

Common cattail 

Club rush 

Clasping-leaf pondweed 

Common reed 

Duck mussel 

Mallard egg 

Sphagnum moss 

2.6E-7 11570 C-14 (100%) 

Transient  Pike 2.6E-7 11570 C-14 (100%) 

Brackish 
water 

Coast Bladderwrack 

Eurasian watermilfoil 

European flounder 

6.4E-8 7470 C-14 (100%) 

Coast reed bed Eurasian watermilfoil 6.4E-8 7470 C-14 (100%) 

Open sea European flounder 6.4E-8 7470 C-14 (100%) 

Transient  Grey seal 

Mallard  

Pike  

6.4E-8 7470 C-14 (100%) 

Terrestrial 
and aquatic 

Mire, lake & lake 
reed bed 

Beaver 2.0E-7 11570 C-14 (100%) 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case BSA-RC 
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Figure 6-12. Absorbed dose rate for plants and animals for the calculation case 
BSA-RC for the most exposed organisms in freshwater, brackish, semi-aquatic and 
terrestrial environments. 

6.3 Analysis of the variant scenarios and repository sensitivity cases 

The results presented in this report are limited to the biosphere calculation cases that 
include the full biosphere assessment modelling chain. The results for the four 
calculation cases analysed in the TESM for variant scenarios VS(B) and VS(C) 
(Table 4-3) are presented in Terrain and Ecosystems Development Modelling. 

In sections 6.3.1 and 6.3.2 the results are presented for sensitivity cases that addresses 
uncertainties in the repository system; these cases are analysed using the same 
biosphere model as in BSA-RC. The results for the calculation cases identified for the 
surface environment variant scenarios VS(A), VS(D), VS(E), VS(F) and VS(G) are then 
presented in sections 6.3.3 to 6.3.7. 

6.3.1 Repository sensitivity cases in the base scenario 

In the repository base scenario, two sensitivity cases are defined to take into account the 
uncertainty in the speciation of silver, molybdenum and niobium radioisotopes 
(BS-ANNFF) and the uncertainty in the time for the establishment of a transport path 
between the canister interior and exterior (BS-TIME). These repository calculation 
cases are analysed using the same model as in the biosphere Reference Case (BSA-RC). 
The resulting combination of the calculation cases for the repository and the surface 
environment are denoted BSA-ANNFF and BSA-TIME (Table 4-6).  

BSA-ANNFF – alternative speciation  
In the repository Reference Case, the only radionuclides considered to migrate in 
anionic form are I-129, Cl-36 and Se-79. These anions migrate without retardation by 
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reduced due to anion exclusion. Repository calculation case BS-ANNFF illustrates the 
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impact of uncertainties in the speciation of silver, molybdenum and niobium that could 
be present in anionic form and thus also migrate in that form (Assessment of 
Radionuclide Release Scenarios for the Repository System, Section 8.2). The discharge 
locations to the surface environment are the same as in BS-RC. The geosphere release 
rates in case BS-ANNFF are here analysed using the same biosphere model as in BSA-
RC. The screening analysis of the geosphere releases of BS-ANNFF results in the 
screening in of Nb-94 for the biosphere calculation case BSA-ANNFF, in addition to 
the same five radionuclides as in BSA-RC (see Table 6-2). 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation case BSA-ANNFF 
are presented in Figure 6-13. Figures 6-14 and 6-15 show Emost_exp and Eother, including 
also the contributions from each radionuclide. The dose maximum for Emost_exp is 
2.4·10-7 mSv and the dose maximum for Eother is 1.4·10-9 mSv. 

As seen in Figures 6-14 and 6-15, the contribution from Nb-94 is significant to the 
doses, especially at the end of the dose assessment time window, when assuming that 
niobium may be present in anionic form in the near-field. The dose maximum for 
Emost_exp occurs at the end of the dose assessment time window; at that time Nb-94 
contributes 26% to the annual dose. 

 
Figure 6-13. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for BSA-ANNFF and BSA-RC. 
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Figure 6-14. The annual dose to a representative person within the most exposed group 
(Emost_exp) and the contributions from each radionuclide for the calculation case 
BSA-ANNFF. 

 
Figure 6-15. The annual dose to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation case 
BSA-ANNFF. 
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Doses to plants and animals 
The representative organisms with maximum dose rates in each biotope in the 
sensitivity case BSA-ANNFF are presented in Table 6-4. Freshwater pike being, 
overall, the most exposed representative organism with a dose rate maximum of 
2.5·10-7 microGy/h. Peak dose rates are largely consistent between the case 
BSA-ANNFF and the Reference Case. Dose rates to terrestrial biota are marginally 
greater in BSA-ANNFF with only slight differences observed whereas for brackish 
representative organisms, dose rates are marginally lower. Dose rates to freshwater 
representative organisms were essentially the same as those in the Reference Case.   

Table 6-4. Representative species receiving the highest typical dose rates for the 
calculation case BSA-ANNFF.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 1.4E-8 6520 
Mire (b) - - - 
Cropland  Common frog 5.0E-9 8970 
Transient Brown bear 5.0E-9 4820 

Freshwater  Lake Canadian waterweed 
Signal crayfish 
Duck mussel 

2.5E-7 11570 

Lake reed bed Canadian waterweed 
Mallard egg 
Duck mussel 
Common reed 
Common cattail 

2.5E-7 11570 

Transient  Pike 
Roach 
Perch 
Mallard  

2.5E-7 11570 

Brackish 
water 

Coast Bladderwrack 
Benthic isopod 
Eurasian watermilfoil 
European flounder 
Stonewort 

4.4E-8 7370 

Coast reed bed Eurasian watermilfoil 
Mallard egg 

4.4E-8 7370 

Open sea European flounder 
Benthic isopod 

4.4E-8 7370 

Transient  Grey seal 
Roach 
Pike  
Perch 
Mallard  

4.4E-8 7370 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver 2.0E-7 11570 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case BSA-ANNFF 
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BSA-TIME – delayed establishment of the transport path  
In the repository Reference Case, it is assumed to take 1000 years for water to penetrate 
the canister insert and fuel cladding and to contact the fuel and structural materials, and 
for a transport pathway to be established between the canister interior and exterior. In 
the repository calculation case BS-TIME, a 5000-year delay is assumed before a 
transport path is established between the canister interior and exterior (Assessment of 
Radionuclide Release Scenarios for the Repository System, Section 8.3). The discharge 
locations to the surface environment are the same as in BS-RC. The geosphere release 
rates in case BS-TIME are here analysed using the same biosphere model as in the 
biosphere Reference Case. The screening analysis of the geosphere releases of 
BS-TIME results in only three radionuclides being screened in for the biosphere 
calculation case BSA-TIME: C-14, Cl-36 and I-129 (see Table 6-2). 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation case BSA-TIME are 
presented in Figure 6-16. Figures 6-17 and 6-18 show Emost_exp and Eother, including also 
the contributions from each radionuclide. The dose maximum for Emost_exp is 
1.2·10-7 mSv and the dose maximum for Eother is 3.4·10-11 mSv.  

 
Figure 6-16. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for BSA-TIME and BSA-RC. 
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Figure 6-17. The annual dose to a representative person within the most exposed group 
(Emost_exp) and the contributions from each radionuclide for the calculation case 
BSA-TIME. 

 
Figure 6-18. The annual dose to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation case 
BSA-TIME. 
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Doses to plants and animals 
The greatest typical absorbed dose rates, and the times at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, and semi-
aquatic (terrestrial and aquatic) environments are presented in Table 6-5. The overall 
maximum dose rate is calculated for pike in freshwater with a dose rate of 2.0·10-7 
microGy/h, although the difference in dose rate from that calculated for other 
maximally exposed freshwater organisms is small. With the exception of representative 
organisms inhabiting freshwater biotopes, dose rates calculated in the case BSA-TIME 
are lower than in the Reference Case; the greatest difference being observed for forest 
biotopes. The delayed establishment of a transport pathway from the canister interior to 
the exterior delays release of radionuclides in BSA-TIME, resulting in radionuclide 
transport to the surface environment occurring after the landscape evolves into a pasture 
ecosystem.  

Table 6-5. Representative species receiving the highest typical dose rates for the 
calculation case BSA-TIME.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 3.3E-12 11520 
Mire (b) - - - 
Cropland  Common frog 2.7E-9 12020 
Transient Red fox 3.6E-10 12020 

Freshwater  Lake Canadian waterweed 
Clasping-leaf pondweed 
Duck mussel 
Signal crayfish 

2.0E-7 11570 

Lake reed bed Canadian waterweed 
Clasping-leaf pondweed 
Club rush 
Common cattail 
Common reed 
Duck mussel 
Mallard egg 
Sphagnum moss 

2.0E-7 11570 

Transient  Pike 
Ruffe 
Roach 
Perch 
Mallard  

2.0E-7 11570 

Brackish 
water 

Coast Bladderwrack 
Eurasian watermilfoil 
European flounder 

1.6E-9 7520 

Coast reed bed Eurasian watermilfoil 1.6E-9 7520 
Open sea European flounder 1.6E-9 7520 
Transient  Grey seal 

Pike 
Mallard  

1.6E-9 7520 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  1.6E-7 11570 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case BSA-TIME 
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With peak release to the surface environment occurring after the transition of the 
discharge area to a cropland system, biota dose rates in forest biotopes are greatly 
reduced compared with the Reference Case. The maximum dose rate in terrestrial 
biotopes was to common frog. The maximum dose rate (2.7·10-9 microGy/y) is broadly 
consistent with that in the Reference Case (4.9·10-9 microGy/h) although the timing of 
occurrence is substantially delayed, occurring at the end of the assessment time 
window. The slight reduction in dose rate in BSA-TIME results from the delayed 
release of Cl-36 to the biosphere, with dose rates continuing to rise toward the end of 
the assessment time window. 

Repository sensitivity cases in the variant scenario VS1 
In this repository system variant scenario, one canister is assumed to have an initial 
penetrating defect of 1 mm diameter at the time of emplacement that, due to corrosion, 
will enlarge up to 10 mm on a timescale of 25 000 years (Formulation of Radionuclide 
Release Scenarios, Section 5.2.1). Three repository calculation cases are analysed 
within this scenario, VS1-BRACKISH, VS1-HIPH-NF and VS1-HIPH, which consider 
the influence of groundwater composition (brackish or highly alkaline) on radionuclide 
releases. As stated in Section 4.3.5, these repository calculation cases are analysed using 
the same models as in the biosphere Reference Case (BSA-RC). The resulting 
combination of the repository and biosphere calculation cases are denoted 
BSA-BRACKISH, BSA-HIPH-NF and BSA-HIPH (see Table 4-6). 

BSA-BRACKISH – reduced buffer thickness 
In the repository calculation case VS1-BRACKISH, diffusion, sorption and solubility 
parameters for the near field (excluding the degraded part of the buffer) and the 
geosphere are the same as those of the Reference Case, i.e. brackish water is assumed to 
be present (Assessment of Radionuclide Release Scenarios for the Repository System, 
Section 10.1). The screening analysis of the geosphere releases of VS1-BRACKISH 
results in the same five radionuclides as in BSA-RC being screened in for the biosphere 
calculation case BSA-BRACKISH: C-14, Cl-36, Mo-93, Ag-108m and I-129 (see 
Table 6-2). 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation case 
BSA-BRACKISH are presented in Figure 6-19 in comparison with those for the 
Reference Case. Figures 6-20 and 6-21 show Emost_exp and Eother, including also the 
contributions from each radionuclide. The dose maximum for Emost_exp is 1.4·10-6 mSv 
and occurs at the end of the dose assessment time window. The dose maximum for Eother 
is 1.4·10-9 mSv and occurs at year 3970, as in the Reference Case.  

As expected, the annual doses in BSA-BRACKISH are similar to the doses in BSA-RC 
at the beginning of the simulation. Then the doses in BSA-BRACKISH slowly increase 
in relation to the doses in BSA-RC due to the enlargement of the penetrating defect in 
the canister. 
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Figure 6-19. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for BSA-BRACKISH and BSA-RC. 

 
Figure 6-20. The annual dose to a representative person within the most exposed group 
(Emost_exp) and the contributions from each radionuclide for the calculation case 
BSA-BRACKISH. 

1.E-15

1.E-13

1.E-11

1.E-09

1.E-07

1.E-05

2020 4020 6020 8020 10020 12020

A
n

n
u

al
 d

o
se

 [
m

S
v

]

Year

E_most_exp

E_most_exp
(BSA-RC)
E_other

E_other
(BSA-RC)

BSA‐BRACKISH

1.E-15

1.E-13

1.E-11

1.E-09

1.E-07

1.E-05

2020 4020 6020 8020 10020 12020

A
n

n
u

al
 d

o
se

 [
m

S
v

]

Year

E_most_exp

C-14

I-129

Cl-36

Ag-108m

Mo-93

BSA‐BRACKISH



151 
 

 
Figure 6-21. The annual dose to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation case 
BSA-BRACKISH. 

Doses to plants and animals 
The greatest typical absorbed dose rates, and the times at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, and semi-
aquatic (terrestrial and aquatic) environments are presented in Table 6-6. The overall 
maximum dose rates are calculated for freshwater biotopes with pike being maximally 
exposed with a dose rate of 2.6·10-6 microGy/h. 

BSA-HIPH-NF – Reduced buffer thickness, high-pH water (near-field only) 
In repository calculation case VS1-HIPH-NF, diffusion, sorption and solubility 
parameters are set assuming the presence of highly alkaline water in the repository near 
field (highly alkaline water is a potential cause for the partial degradation of the buffer) 
(Assessment of Radionuclide Release Scenarios for the Repository System, 
Section 10.1). The screening analysis of the geosphere releases of VS1-HIPH-NF 
results in the screening in of Se-79 for the biosphere calculation case BSA-HIPH-NF, in 
addition to the same five radionuclides as in BSA-RC (see Table 6-2). 
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Table 6-6. Representative species receiving the highest typical dose rates for the 
calculation case BSA-BRACKISH.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 1.4E-8 6520 
Mire (b) - - - 
Cropland  Common frog 3.0E-8 12020 
Transient Brown bear 5.9E-9 4970 

Freshwater  Lake Canadian waterweed 
Duck mussel 
Signal crayfish 

2.6E-6 12020 

Lake reed bed Canadian waterweed 
Common cattail 
Common reed 
Duck mussel 
Mallard egg 

2.6E-6 12020 

Transient  Pike 
Roach 
Perch 
Mallard  

2.6E-6 12020 

Brackish 
water 

Coast Bladderwrack  1.6E-7 7470 
Coast reed bed Eurasian watermilfoil 

Mallard egg 
Common reed 
Club rush 
Clasping-leaf pondweed 

1.6E-7 7470 

Open sea European flounder 
Benthic isopod 

1.6E-7 7470 

Transient  Grey seal 
Mallard 

1.6E-7 7470 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  2.1E-6 12020 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case BSA-BRACKISH 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation case BSA-HIPH-NF 
are presented in Figure 6-22. Figures 6-23 and 6-24 show Emost_exp and Eother, including 
also the contributions from each radionuclide. The dose maximum for Emost_exp is 
1.5·10-6 mSv and occurs at the end of the dose assessment time window. The dose 
maximum for Eother is 1.3·10-9 mSv and occurs at year 3970, as in the Reference Case. 
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Figure 6-22. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for BSA-HIPH-NF and BSA-RC. 

 
Figure 6-23. The annual dose to a representative person within the most exposed group 
(Emost_exp) and the contributions from each radionuclide for the calculation case 
BSA-HIPH-NF. 
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Figure 6-24. The annual dose to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation case 
BSA-HIPH-NF. 

Table 6-7. Representative species receiving the highest typical dose rates for the 
calculation case BSA-HIPH-NF.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 2.2E-8 6520 
Mire (b) - - - 
Cropland  Common frog 3.5E-8 12020 
Transient Brown bear 8.4E-9 4970 

Freshwater  Lake Canadian waterweed 2.6E-6 12020 
Lake reed bed Canadian waterweed 2.6E-6 12020 
Transient  Pike 

Mallard  
2.6E-6 12020 

Brackish 
water 

Coast Bladderwrack  
Eurasian watermilfoil 

1.7E-7 7470 

Coast reed bed Eurasian watermilfoil 1.7E-7 7470 
Open sea European flounder 1.6E-7 7470 
Transient  Grey seal 4.7E-7 7470 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  2.1E-6 12020 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case BSA-HIPH-NF 

Doses to plants and animals 
The greatest typical absorbed dose rates, and the times at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, and semi-
aquatic (terrestrial and aquatic) environments are presented in Table 6-7. The overall 
maximum dose rates are calculated for freshwater biotopes with pike being maximally 
exposed with a dose rate of 2.6·10-6 microGy/h. 
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BSA-HIPH – Reduced buffer thickness, high-pH water 
In repository calculation case VS1-HIPH, diffusion, sorption and solubility parameters 
are set assuming the presence of highly alkaline water in the geosphere, as well as in the 
repository near field (Assessment of Radionuclide Release Scenarios for the Repository 
System, Section 10.1). The screening analysis of the geosphere releases of VS1-HIPH 
results in same results as for VS1-HIPH-NF, i.e., the screening in of Se-79 for the 
biosphere calculation case BSA-HIPH, in addition to the same five radionuclides as in 
BSA-RC (see Table 6-2). 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation case BSA-HIPH-NF 
are presented in Figure 6-25 in comparison with the Reference Case. Figures 6-26 and 
6-27 show Emost_exp and Eother, including also the contributions from each radionuclide. 
The dose maximum for Emost_exp is 1.5·10-6 mSv and occurs at the end of the dose 
assessment time window. The dose maximum for Eother is 1.3·10-9 mSv and occurs at 
year 3970, as in the Reference Case. 

Doses to plants and animals 
The greatest typical absorbed dose rates, and the times at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, and semi-
aquatic (terrestrial and aquatic) environments are presented in Table 6-8. The overall 
maximum dose rates are calculated for freshwater biotopes with pike being maximally 
exposed with a dose rate of 2.6·10-6 microGy/h. 

 
Figure 6-25. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for BSA-HIPH and BSA-RC. 
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Figure 6-26. The annual dose to a representative person within the most exposed group 
(Emost_exp) and the contributions from each radionuclide for the calculation case 
BSA-HIPH. 

 
Figure 6-27. The annual dose to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation case 
BSA-HIPH. 
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Table 6-8. Representative species receiving the highest typical dose rates for the 
calculation case BSA-HIPH.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 2.2E-8 6520 
Mire (b) - - - 
Cropland  Common frog 3.5E-8 12020 
Transient Brown bear 8.1E-9 4970 

Freshwater  Lake Canadian waterweed 
Clasping-leaf pondweed 
Duck mussel 
Crayfish  

2.6E-6 12020 

Lake reed bed Canadian waterweed 2.6E-6 12020 
Transient  Pike 

Mallard  
2.6E-6 12020 

Brackish 
water 

Coast Stoneworth 
European flounder 
Eurasian watermilfoil 
Clasping-leaf pondweed 
Benthic isopod 
Bladderwrack  

1.6E-7 7470 

Coast reed bed Eurasian watermilfoil 
Mallard egg 
Common reed 
Club rush 
Clasping-leaf pondweed 

1.6E-7 7470 

Open sea European flounder 
Benthic isopod 

1.6E-7 7470 

Transient  Grey seal 
Baltic herring 
Ruffe 
Roach 
Pike 
Perch 
Mallard  

1.6E-7 7470 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  2.1E-6 12020 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case BSA-HIPH 

 

6.3.2 VS(A) – Discharge locations to the surface environment 

This variant scenario addresses uncertainties in the discharge locations of the geosphere 
activity releases to the surface environment (Section 4.2.2). Two calculation cases are 
defined and analysed: VS(A)-SOUTH1 and VS(A)-SOUTH2 (Section 4.3.3, Table 4-4), 
based on the geosphere releases in repository cases BS-LOC1 and BS-LOC2, 
respectively. A different model from the landscape model used in the Reference Case 
has been constructed (details in Biosphere Radionuclide Transport and Dose 
Assessment), since the potentially contaminated areas due to the discharge locations in 
BS-LOC1 and BS-LOC2 are located south of the present Olkiluoto Island (see 
Figure 5.1). The delineation of the biosphere objects in the vicinity of the present 
Olkiluoto Island is presented in Figure 6-28 for years 3020 (around the time when the 
radionuclide releases are assumed to commence) and year 12020 (the end of the dose 
assessment time window); for the legend to the background map, see Figure 5-5. 
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Figure 6-28. Delineation of the biosphere objects used in the landscape model for the 
variant scenario VS(A), details of the biotope distribution in the vicinity of the present 
Olkiluoto Island. For the legend to the background map, see Figure 5-5. 
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The screening analysis of the geosphere releases results in the screening in of C-14, 
Cl-36 and I-129 for VS(A)-SOUTH1 (BS-LOC1) and C-14, Cl-36, Ag-108m and I-129 
for VS(A)-SOUTH1 (BS-LOC2) (see Table 6-2). 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation cases VS(A)-
SOUTH1 and VS(A)-SOUTH2 are presented in Figure 6-29. Figures 6-30 and 6-31 
show Emost_exp and Eother, including also the contributions from each radionuclide. The 
dose maxima for Emost_exp are 6.0·10-5 mSv and 1.7·10-4 mSv for the cases 
VS(A)-SOUTH1 and VS(A)-SOUTH2, respectively. The dose maxima for Eother are 
5.6·10-6 mSv and 1.2·10-5 mSv for the cases VS(A)-SOUTH1 and VS(A)-SOUTH2, 
respectively. 

Since the doses are significantly higher compared with the Reference Case (section 
6.2.3), some further remarks are in place. A few interesting observations for the case 
VS(A)-SOUTH1 regarding the maximum value for Emost_exp (occurring at year 11,570) 
are summarised below: 

 Ingestion of food is the exposure pathway that dominates the annual dose to 
most exposed persons, with a contribution of 91%. Water ingestion has also a 
significant contribution of 9%; 

 C-14 dominates the annual dose with a contribution of 96%, I-129 and Cl-36 
have also significant effect on the annual dose, contributing with 3% and 2%, 
respectively; 

 Two biosphere objects are the key objects for the annual dose: the lake LkjFL2 
and the river Ej7R7. The river stands for 80% of the food ingestion dose and the 
lake is the drinking water source and stands for 13% of the food ingestion dose.  

Similar observations for the case VS(A)-SOUTH2 regarding the maximum value for 
Emost_exp (occurring at year 7970) are summarised below: 

 Ingestion of food is the exposure pathway that dominates the annual dose to 
most exposed persons, with a contribution of 92%. Water ingestion has also a 
significant contribution of 8%; 

 C-14 dominates the annual dose with a contribution of 97%, I-129 and Cl-36 
have also significant effect on the annual dose, contributing with 2% and 1%, 
respectively; 

 One biosphere object is the key objects for the annual dose: the lake LkjFL1.  
This lake is the drinking water source and stands for 92% of the food ingestion 
dose.  

The maximum annual doses for Eother in both VS(A)-SOUTH1 and VS(A)-SOUTH2 are 
totally dominated by ingestion of drinking water from the same lakes that are important 
for the dose maxima for most exposed people; the most contributing radionuclide to 
Eother is C-14 for both cases. 
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It is clearly seen in the results figures that the dose curves for the calculation cases with 
alternative discharge locations has a rather sharp peak around year 8000 (Figures 6-29 
to 6-31). This is caused by the properties of the lake part of the biosphere object 
LkjFL1. Object LkjFL1 is a super-object comprising, after the coastal stage, a forest, a 
wetland and lake. The lake part disappears at year 8020; after that LkjFL1 is a pure 
terrestrial object. The lake in object LkjFL1 becomes more and more isolated from the 
surrounding environment which leads to that the water becomes stagnant at the end of 
its lifetime, i.e., has low outflow. This in combination with that LkjFL1 is located just 
downstream of the biosphere objects receiving the direct geosphere releases, results in 
that this stagnant lake accumulates a major part of the activity releases transported out 
from upstream objects. This causes the sharp peak, whit the maximum at year 7970.   

 
Figure 6-29. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for VS(A)-SOUTH1 (S1), 
VS(A)-SOUTH2 (S2) and BSA-RC. 
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Figure 6-30. The annual doses to a representative person within the most exposed 
group (Emost_exp) and the contributions from each radionuclide for the calculation cases 
VS(A)-SOUTH1 (top) and VS(A)-SOUTH2 (below). 
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Figure 6-31. The annual doses to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation cases 
VS(A)-SOUTH1 (top) and VS(A)-SOUTH2 (below). 
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Doses to plants and animals 
The greatest typical absorbed dose rates, and the time at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, semi-aquatic 
(terrestrial and aquatic) environments are presented in Table 6-9 for VS(A)-SOUTH1 
and in Table 6-10 for VS(A)-SOUTH2. The overall maximum dose rates are calculated 
for freshwater biotopes with mallard being maximally exposed with a dose rate 
of 5.7·10-5 and 1.3·10-4 microGy/h for VS(A)-SOUTH2. The calculated dose rates to 
mallard are marginally greater than for other freshwater representative organisms. The 
typical absorbed dose rate during the dose assessment time window for the four most 
exposed organisms in terrestrial, freshwater, brackish, semi-aquatic (terrestrial and 
aquatic) environments are presented in Figure 6-32. 

Table 6-9. Representative species receiving the highest typical dose rates for the 
calculation case VS(A)-SOUTH1.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 9.8E-8 11520 
Mire Hazel grouse egg 3.0E-16 4570 
Cropland  Common frog 9.6E-10 7520 
Transient Brown bear 5.4E-8 11520 

Freshwater  Lake Canadian waterweed 
Duck mussel 
Signal crayfish 

5.7E-5 11570 

Lake reed bed Canadian waterweed 
Common cattail 
Common reed 
Duck mussel 
Mallard egg 

5.7E-5 11570 

Transient  Mallard 
Perch 
Pike 
Roach  

5.7E-5 11570 

Brackish 
water 

Coast Bladderwrack  
Benthic isopod 
Eurasian watermilfoil 
European flounder 
Stoneworth  

1.8E-13 11020 

Coast reed bed Eurasian watermilfoil 
Mallard egg 

1.8E-13 11020 

Open sea European flounder 
Benthic isopod 

1.8E-13 11020 

Transient  Grey seal 
Roach 
Perch 
Pike  
Mallard  

1.8E-13 11020 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  4.6E-5 11570 

(a) Comprises the biotopes rock forest, heath forest and grove 
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Table 6-10. Representative species receiving the highest typical dose rates for the 
calculation case VS(A)-SOUTH2.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 2.7E-7 8020 
Mire (b) - - - 
Cropland  Common frog 1.7E-9 6970 
Transient Brown bear 1.4E-7 7970 

Freshwater  Lake Canadian waterweed 
Aquatic sowbug 
Clasping-leaf pondweed 
Duck mussel 
Signal crayfish 

1.3E-4 7970 

Lake reed bed Canadian waterweed 
Aquatic pulmonate 
gastropod 
Aquatic sowbug 
Carex 
Clasping-leaf pondweed 
Club rush 
Common cattail 
Common frog – 
frogspawn 
Common reed 
Duck mussel 
Mallard egg 
Sphagnum moss 

1.3E-4 7970 

Transient  Mallard 
Ruffe 
Roach 
Pike 
Perch  

1.3E-4 7970 

Brackish 
water 

Coast Bladderwrack 
Stoneworth 
Eurpean flounder 
Eurasian watermilfoil 
Clasping-leaf pondweed 
Benthic isopod 

1.8E-13 11020 

Coast reed bed Eurasian watermilfoil 
Mallard egg 
Common reed 
Club rush 
Clasping-leaf pondweed 

1.8E-13 11020 

Open sea European flounder 
Benthic isopod 

1.8E-13 11020 

Transient  Grey seal 
Baltic herring 
Ruffe 
Roach 
Pike 
Perch 
Mallard  

1.8E-13 11020 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  1.0E-4 7970 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case VS(A)-SOUTH2 
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Figure 6-32. Absorbed dose rates for plants and animals for the calculation cases 
VS(A)-SOUTH1 (top) and VS(A)-SOUTH2 (below) for the most exposed organisms in 
freshwater, brackish, semi-aquatic and terrestrial environments. 

6.3.3 VS(D) – Land use (well) 

This variant scenario addresses the implication of the uncertainty in the well density on 
the radiological impact (Section 4.2.2). Two calculation cases are defined and analysed: 
VS(D)-WELL and VS(D)-NO_WELL (Section 4.3.3, Table 4-4). The case VS(D)-
WELL assumes more wells than in the Reference Case, and VS(D)-NO_WELL 
assumes that there are no wells. 
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Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation cases VS(D)-WELL 
and VS(D)-NO_WELL are presented in Figure 6-32 in comparison with the Reference 
Case. Figures 6-33 and 6-34 show Emost_exp and Eother, including also the contributions 
from each radionuclide. The dose maxima for Emost_exp are 1.9·10-7 mSv and 1.7·10-7 
mSv for the cases VS(D)-WELL and VS(D)-NO_WELL, respectively. The dose 
maximum for Eother is 1.4·10-9 mSv for both the cases VS(D)-WELL and VS(D)-
NO_WELL. 

The analysis shows that the uncertainties in the well density has no great impact on the 
calculated doses. There are minor differences in the annual doses to the most exposed 
people in the results for VS(D)-WELL and VS(D)-NO_WELL compared with the 
Reference Case (see Figure 6.32). The annual dose maxima for Emost_exp are almost the 
same in VS(D)-WELL as in the Reference Case. In the case VS(D)-NO_WELL, 
assuming no shallow wells, the annual dose maximum for Emost_exp decreases 17% 
compared with the Reference Case. 

The greatest difference in the results compared with the Reference Case is the 
contribution from the drinking water exposure pathway to the total annual dose. The 
contribution from water ingestion at the dose maximum for Emost_exp in the Reference 
Case is 66%; the corresponding numbers are 74% and 0.02% for VS(D)-WELL and 
VS(D)-NO_WELL, respectively. Hence, a higher well density results in ingestion of 
drinking water being somewhat more important for the total annual dose to the most 
exposed group and, when there are no wells, the total annual dose is dominated by the 
food ingestion exposure pathway. It should be noted that it was attempted to cautiously 
place a well in the biosphere object receiving the direct releases (EjjG), but the 
hydraulic conductivity in this object was not high enough to sustain a shallow well. 

For the annual doses to other people, Eother, there are virtually no differences in the 
results for VS(D)-WELL and VS(D)-NO_WELL compared with the Reference Case 
(see Figure 6.32).  
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Figure 6-32. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for VS(D)-WELL, VS(D)-NO_WELL 
and BSA-RC. 
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Figure 6-33. The annual doses to a representative person within the most exposed 
group (Emost_exp) and the contributions from each radionuclide for the calculation cases 
VS(D)-WELL (top) and VS(D)-NO_WELL (below). 
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Figure 6-34. The annual doses to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation cases 
VS(D)-WELL (top), VS(D)-NO_WELL (below). 

Doses to plants and animals 
The greatest typical absorbed dose rates, and the times at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, and semi-
aquatic (terrestrial and aquatic) environments are presented in Table 6-11 for VS(D)-
WELL and in Table 6-12 for VS(D)-NO_WELL. The overall maximum dose rates are 
calculated for freshwater biotopes with pike being maximally exposed with a dose rate 
of 2.5·10-7 microGy/h in both calculation cases. Increasing the density of wells in the 
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assessment area has only a marginal effect on absorbed dose rates for representative 
organisms in terrestrial and brackish water biotopes; absorbed dose rates in freshwater 
biotopes are unchanged from the Reference Case. Results of the case 
VS(D)-NO_WELL are consistent with those of the case VS(D)-WELL, both in terms of 
magnitude of maximum typical dose rates and the timing of occurrence. 

Table 6-11. Representative species receiving the highest typical dose rates for the 
calculation case VS(D)-WELL.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 1.4E-8 6520 
Mire (b) - - - 
Cropland  Common frog 5.8E-9 10020 
Transient Brown bear 5.1E-9 4970 

Freshwater  Lake Canadian waterweed 
Duck mussel 
Clasping-leaf pondweed 
Signal crayfish 

2.5E-7 11570 

Lake reed bed Canadian waterweed 
Clasping-leaf pondweed 
Club rush 
Common cattail 
Common reed 
Duck mussel 
Mallard egg 
Sphagnum moss 

2.5E-7 11570 

Transient  Pike 
Ruffe 
Roach 
Perch 
Mallard  

2.5E-7 11570 

Brackish 
water 

Coast Bladderwrack 
Eurasian watermilfoil 

4.4E-8 7370 

Coast reed bed Eurasian watermilfoil 4.4E-8 7370 
Open sea European flounder 

Benthic isopod 
4.4E-8 7370 

Transient  Grey seal 
Pike 
Mallard 

4.4E-8 7370 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  2.0E-7 11570 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case VS(D)-WELL 
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Table 6-12. Representative species receiving the highest typical dose rates for the 
calculation case VS(D)-NO_WELL.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 1.4E-8 6520 
Mire (b) - - - 
Cropland  Common frog 5.8E-9 10020 
Transient Brown bear 5.1E-9 4970 

Freshwater  Lake Canadian waterweed 
Duck mussel 
Clasping-leaf pondweed 
Signal crayfish 

2.5E-7 11570 

Lake reed bed Canadian waterweed 
Clasping-leaf pondweed 
Club rush 
Common cattail 
Common reed 
Duck mussel 
Mallard egg 
Sphagnum moss 

2.5E-7 11570 

Transient  Pike 
Ruffe 
Roach 
Perch 
Mallard  

2.5E-7 11570 

Brackish 
water 

Coast Bladderwrack 
Eurasian watermilfoil 

4.4E-8 7370 

Coast reed bed Eurasian watermilfoil 4.4E-8 7370 
Open sea European flounder 

Benthic isopod 
4.4E-8 7370 

Transient  Grey seal 
Pike 
Mallard 

4.4E-8 7370 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  2.0E-7 11570 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case VS(D)-NO_WELL 

6.3.4 VS(E) – Radionuclide transport 

This variant scenario addresses uncertainties in the assumptions underlying radionuclide 
transport in the surface environment (Section 4.2.2). In the Reference Case it is assumed 
that the radionuclide releases from the geosphere enter the biosphere through a deep 
overburden in terrestrial and agricultural ecosystems or into deep sediment in aquatic 
ecosystems. In the case VS(E)-RNT1, radionuclide releases from the geosphere to the 
biosphere are assumed to enter directly into the zones in terrestrial ecosystems where 
most roots are found (the organic accumulation layer in forest biotopes and the upper 
mineral layer in agricultural biotopes), and into the water column in aquatic ecosystems.  

In the base scenario it is assumed that the radionuclides in all compartments containing 
roots are transferred to edibles and that the relative contribution from each compartment 
is determined by the fraction of roots in the respective compartment. In the case 
VS(E)-RNT2, the activity concentration in the upper 30 cm of soil is assumed to be 
available for transfer to edibles used by humans.  This case is only analysed in terms of 
doses to humans. 



172 
 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation cases VS(E)-RNT1 
and VS(E)-RNT2 are presented in Figure 6-35. Figures 6-36 and 6-37 show Emost_exp 
and Eother, including also the contributions from each radionuclide. The dose maxima for 
Emost_exp are 3.1·10-7 mSv and 2.0.·10-4 mSv for the cases VS(E)-RNT1 and 
VS(E)-RNT2, respectively. The dose maxima for Eother are 3.5·10-9 mSv and 1.3·10-9 
mSv for the cases VS(E)-RNT1 and VS(E)-RNT2, respectively. 

 
Figure 6-35. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for VS(E)-RNT1, VS(E)-RNT2 and 
BSA-RC. Note that the lines for VS(E)-RNT2 and BSA-RC overlap. 
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Figure 6-36. The annual doses to a representative person within the most exposed 
group (Emost_exp) and the contributions from each radionuclide for the calculation cases 
VS(E)-RNT1 (top) and VS(E)-RNT2 (below) .  
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Figure 6-37. The annual doses to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation cases 
VS(E)-RNT1 (top) and VS(E)-RNT2 (below). 

Doses to plants and animals 
Only VS(E)-RNT1 is analysed in terms of absorbed dose rates to plants and animals. 
The greatest typical absorbed dose rates, and the times at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, and semi-
aquatic (terrestrial and aquatic) environments are presented in Table 6-13. The overall 
maximum dose rates are calculated for forest biotopes with hazel grouse eggs being 
maximally exposed with a dose rate of 8.9·10-7 microGy/h. The typical absorbed dose 
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rate during the dose assessment time window for the four most exposed organisms in 
terrestrial, freshwater, brackish, and semi-aquatic (terrestrial and aquatic) environments 
are presented in Figure 6-38. 

Table 6-13. Representative species receiving the highest typical dose rates for the 
calculation case VS(E)-RNT1.  

Ecosystem Biotope 
occupancy 

Representative species Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 8.9E-7 4520 
Mire (b) - - - 
Cropland  Common frog 2.4E-8 5470 
Transient Brown bear 2.6E-7 4520 

Freshwater  Lake Aquatic sowbug 
Duck mussel 

1.5E-8 11570 

Lake reed bed Clasping-leaf pondweed water flea 
European fingernail clam 
Duck mussel 
Common frog (tadpole) 
Common frog (frogspawn) 
Canadian waterweed 
Aquatic sowbug 
Aquatic pulmonate gastropod  

1.5E-8 11570 

Transient  Ruffe 
Roach 
Perch 

1.5E-8 11570 

Brackish 
water 

Coast Bladderwrack 8.6E-9 3970 
Coast reed bed Eurasian watermilfoil 8.6E-9 3970 
Open sea European flounder 

Benthic isopod 
8.6E-9 3970 

Transient  Grey seal 8.6E-9 3970 
Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  1.2E-8 11570 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case VS(E)-RNT1 
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Figure 6-38. Absorbed dose rates for plants and animals for the calculation case 
VS(E)-RNT1 for the most exposed organisms in freshwater, brackish, semi-aquatic and 
terrestrial environments. 

6.3.5 VS(F) – Exposure characteristics 

This variant scenario addresses the implications of uncertainty in the human dietary 
profile on the radiological impact (Section 4.2.2). The calculation cases address only 
doses to humans. Three calculation cases are defined and analysed: VS(F)-FINDIET, 
VS(F)-FISH and VS(F)-VEG. The case VS(F)-FINDIET assumes that the various food 
groups are consumed to the same extent as by the present-day Finnish population (based 
on the National FINDIET 2007 Survey (Paturi et al. 2008). The case VS(F)-FISH 
assumes a dietary profile for high-rate consumers of fish, based on dietary data obtained 
from 114 male fishermen (Turunen et al. 2009). The case VS(F)-VEG assumes a dietary 
profile with no consumption of meat and fish, based on a reasonable dietary profile for a 
person not consuming fish nor meat. 

No assumption on the dietary profile is made in the Reference Case (i.e. humans have 
no preference for any particular food). Hence, the type of food a person consumes is 
regulated by what type of contaminated food is available. In the case BSA-RC, the most 
exposed group get their annual energy intake by consuming one third of their food from 
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thirds of fish and one thirds of cereals.  

The dietary profile used in VS(F)-FINDIET is derived by linking the mean amounts in 
the diet for different ingredient classes (Paturi et al. 2008, Table 4.7) with the 
production of edibles in the landscape modelling. Food ingredient classes assumed not 
to be produced at the Olkiluoto site, such as rice or citrus fruits, are excluded from the 
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Table 2) with the production of edibles in the landscape modelling. The resulting 
dietary profiles are presented in Table 6-14. 

The dietary profile used in VS(F)-VEG is derived by analogy with the two cases above, 
by linking a reasonable and healthy vegetarian diet to the production of edibles in the 
landscape modelling. The food groups considered are grains, legumes, vegetables, 
fruits, berries and milk. It is assumed that the vegetarian diet corresponds to a daily 
energy intake of about 2250 kcal, which is close to the average energy intake of 2206 
kcal/day in the FINDIET survey (Paturi et al. 2008, Table 5.1). The resulting dietary 
profile is presented in Table 6-14. 

The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for biosphere calculation cases 
VS(F)-FINDIET, VS(F)-FISH and VS(F)-VEG are presented in Figure 6-39 in 
comparison with the reference case. Figure 6-40 shows the annual doses for the same 
cases as in Figure 6-39, limited to the contributions from the food ingestion exposure 
pathway.  

Table 6-14. Dietary profiles for the calculation cases VS(F)-FINDIET, VS(F)-FISH and 
VS(F)-VEG, and the biotopes producing the food ingredients in the dietary profiles. 

Food 
ingredient 
class 

VS(F)-
FINDIET 

VS(F)-FISH VS(F)-VEG 
Biotopes producing the food 
ingredients 

   Intake [gfw/day]  

Beverages 1706 1706 1706 Lake, River, Forest (well water) 

Vegetables 124 196 321 Vegetables 

Mushrooms 1 1 1 Forest biotopes 

Legumes, nuts 11 15 300 Peas 

Potato 103 209 103 Potato 

Apples 37 54 100 Berries and fruit 

Berries 76 64 300 
Berries and fruits, Forest 
biotopes  

Cereals 179 167 285 Cereals 

Sugar  33 32 33 Sugar beets 

Fish, shellfish 28 88.5 - Aquatic 

Game 8 7 - All except open sea 

Mutton 8 7 - Pasture 

Beef 25 23 - Pasture 

Pork 94 49 - Pasture 

Milk 505 514 515 Pasture 
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The dose maxima for Emost_exp are 1.8·10-7 mSv, 2.0·10-7 mSv and 1.4·10-7 mSv for the 
cases VS(F)-FINDIET, VS(F)-FISH and VS(F)-VEG, respectively. These results are 
consistent with the dose maximum of 2.0·10-7 mSv for the Reference Case. The food 
ingestion dose, at dose maximum, in the Reference Case is dominated by fish (c.f. 
discussion in Section 6.2.3). Hence it is logical that the sensitivity case addressing high-
rate consumers of fish shows very similar results for the most exposed group, which is 
clearly seen in the top chart in Figure 6-40. The case assuming no fish intake, 
VS(F)-VEG, shows the largest deviation from the Reference Case; the food ingestion 
dose within the most exposed group is significantly lower for this case compared with 
the Reference Case (Figure 6-40). The results indicate that the approach used in the 
Reference Case to derive the annual dose to a representative person within the most 
exposed group is more cautious than assuming a reasonable present-day dietary profile. 
However, the resulting level of conservatism is not very large in the Reference Case; the 
dose maximum due to food ingestion for a representative person within the most 
exposed group is not more than 20% lower when applying a dietary profile.  

The dose maxima for Eother are 1.4·10-9 mSv for VS(F)-FINDIET and VS(F)-FISH 
and 1.3·10-9 mSv for VS(F)-VEG. These results are marginally higher than the dose 
maximum of 1.3·10-9 mSv for Eother for the Reference Case. The reason for this is that 
the limits of how much each individual may consume of different foodstuffs are lower 
in the dietary profile cases than in the Reference Case, where the limitation is only 
based on the annual energy demand. This results in the more highly contaminated 
foodstuffs, fish for example, being distributed between persons in a larger group. This is 
clearly shown in Figure 6-40 (lower chart) where the food ingestion dose to other 
people may be one or two order of magnitudes higher in VS(F)-FINDIET and 
VS(F)-FISH compared with the Reference Case. Hence, the approach used in the 
Reference Case to derive the annual dose to a representative person among other people 
may not necessarily be more cautious than assuming a reasonable present-day dietary 
profile. However, since the ingestion of food is a minor exposure pathway compared 
with ingestion of drinking water for this group, the total annual doses are very similar 
regardless of assumed consumption habits. 
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Figure 6-39. The annual doses to representative persons within the most exposed group 
(Emost_exp) (top) and among other exposed people (Eother) (below) for the calculation 
cases VS(F)-FINDIET, VS(F)-FISH, VS(F)-VEG and BSA-RC.  
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Figure 6-40. The annual doses due to food ingestion to representative persons within 
the most exposed group (Emost_exp) (top) and among other exposed people (Eother) (below) 
for the calculation cases VS(F)-FINDIET, VS(F)-FISH, VS(F)-VEG and BSA-RC.  
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6.3.6 VS(G) – Combined scenario 

This variant scenario addresses uncertainties in the climate evolution, land uplift and 
agricultural aspects. The aim is to study the impact on the assessment of the arable land 
area being maximised, while remaining consistent with current scientific understanding 
and within the reasonably expected range of possibilities. VS(G)-COMBI is the only 
case defined within this variant scenario. The TESM projections used are those of 
Terr_maxAgri (c.f. Table 4-3) which necessitates corresponding SHYD and LSM 
models. The delineation of the biosphere objects in the vicinity of the present Olkiluoto 
Island is presented in Figure 6-41 for years 3020 (around the time when the 
radionuclide releases are assumed to commence in the repository Reference Case) and 
year 12020 (the end of the dose assessment time window); for the legend to the 
background map, see Figure 5-5. 

Doses to humans 
The annual doses to representative persons within the most exposed group (Emost_exp) 
and among other exposed people (Eother) for the calculation case VS(G)-COMBI are 
presented in Figure 6-42 in comparison with the reference case. Figures 6-43 and 6-44 
show Emost_exp and Eother, including also the contributions from each radionuclide.  

The dose maximum for Emost_exp is 2.3·10-6 mSv and occurs at the end of the dose 
assessment time window. The dose maximum for Eother is 1.1·10-8 mSv and occurs at 
year 4470, which is 500 years later than in the Reference Case. The dose maxima are 
about 10 times higher than in the Reference Case. A few remarks regarding the 
maximum value for Emost_exp are summarised below.  

 I-129 dominates the annual dose with a contribution of 66%, Cl-36 is the second 
most important radionuclide for the annual dose, contributing 32%. C-14 is the 
third most important, contributing 2.8%. Ag-108m and Mo-93 make no 
significant contribution to the annual dose (<0.02 %). 

 The totally dominating exposure pathways is ingestion of food, which 
contributes more than 99.9% to the annual dose.  

 The food ingestion dose to the 20 persons in the most exposed group originate 
mainly from biosphere object EjjC11, which is a cereals biotope, irrigated with 
water from biosphere object EjjR3, which is a river. Ingestion of cereals from 
this biosphere objects contributes 97.4% to the annual dose.  

Similarly, some interesting observations regarding the maximum value for Eother.  

 C-14 dominates the annual dose with a contribution of 98%, I-129 is the second 
most important radionuclide for the annual dose, contributing 1.9%. C-14 is the 
third most important, contributing 2.8%. Cl-36, Ag-108m and Mo-93 make no 
significant contribution to the annual dose (<0.1 %). 

 The dominating exposure pathways is ingestion of drinking water, which 
contributes more than 98.7% to the annual dose. This dose origins from drinking 
water drawn from the freshwater biosphere object Vm_SR. In contrary to the 
Reference Case (Section 6.2.3), ingestion food also contributes noteworthy to 
the annual dose, however, the contribution is not large, only 1.3%.  
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The results show that cultivated croplands play a more important role for the annual 
doses in this calculation case compared with the Reference Case. This is not surprising, 
since the aim of the VS(G)scenario was to assess if there would be any impact on the 
doses when assuming more extensive cultivation of crops compared with the Base 
Scenario, analysed by maximising the arable land area. 
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Figure 6-41. Delineation of the biosphere objects used in the landscape model for the 
variant scenario VS(G), details of the biotope distribution in the vicinity of the present 
Olkiluoto Island. For the legend to the background map, see Figure 5-5. 
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Figure 6-42. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for VS(G)-COMBI and BSA-RC. 

 

Figure 6-43. The annual dose to a representative person within the most exposed group 
(Emost_exp) and the contributions from each radionuclide for the calculation case 
VS(G)-COMBI. 
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Figure 6-44. The annual dose to a representative person among other exposed people 
(Eother) and the contributions from each radionuclide for the calculation case 
VS(G)-COMBI. 

Table 6-15. Representative species receiving the highest typical dose rates for the 
calculation case VS(G)-COMBI. .  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 5.1E-10 12020 
Mire (b) - - - 
Cropland  Common frog 5.0E-10 11970 
Transient Red fox 6.7E-11 11970 

Freshwater  Lake Canadian waterweed 
Duck mussel 
Signal crayfish 

4.8E-7 7970 

Lake reed bed Canadian waterweed 
Common cattail 
Common reed 
Duck mussel 
Mallard egg 

4.8E-7 7970 

Transient  Pike 
Roach 
Perch 
Mallard 

4.8E-7 7970 

Brackish 
water 

Coast Bladderwrack  
Eurasian watermilfoil 
European flounder 

1.9E-8 3970 

Coast reed bed Eurasian watermilfoil 1.9E-8 3970 
Open sea European flounder 1.9E-8 3970 
Transient  Grey seal 1.9E-8 3970 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  3.9E-7 7970 

(a) Comprises the biotopes rock forest, heath forest and grove 
(a) Uncontaminated in VS(G)-COMBI 
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Doses to plants and animals 
The greatest typical absorbed dose rates, and the times at which maximal exposure 
occurs, for the most exposed organisms in terrestrial, freshwater, brackish, and semi-
aquatic (terrestrial and aquatic) environments are presented in Table 6-15. The overall 
maximum dose rates are calculated for freshwater biotopes with pike being maximally 
exposed with a dose rate of 4.8·10-7 microGy/h. The typical absorbed dose rate during 
the dose assessment time window for the four most exposed organisms in terrestrial, 
freshwater, brackish, semi-aquatic (terrestrial and aquatic) environments are presented 
in Figure 6-45. 

 

Figure 6-45. Absorbed dose rates for plants and animals for the calculation case 
VS(G)-COMBI for the most exposed organisms in freshwater, brackish, semi-aquatic 
and terrestrial environments. 
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6.4 Analysis of the disturbance scenarios and repository what-if cases 

The results presented in this report are limited to the biosphere calculation cases that 
include the full biosphere assessment modelling chain. The results for the five 
calculation cases analysed in the TESM for disturbance scenarios DS(A), DS(B), DS(C) 
and DS(E) (Table 4-3) are presented in Terrain and Ecosystems Development 
Modelling. In section 6.4.1 the results are presented for the what-if case that addresses 
uncertainties in the repository system; this case is analysed using the same biosphere 
model as in BSA-RC. The results for the calculation cases identified for the surface 
environment disturbance scenarios DS(D), DS(F), and DS(G) are then presented in 
sections 6.4.2 to 6.4.4. 

6.4.1 Repository what-if case in the disturbance scenario AIC 

The accelerated insert corrosion rate (AIC) scenario considers the possibility that an 
initial penetrating defect in a canister becomes enlarged over time, due e.g. to faster 
than expected corrosion of the insert, the corrosion products of which will occupy a 
larger volume than the original metal.  

In case AIC-LI, the defective canister evolves as in the Reference Case for the first 
15 000 years. This means that the geosphere releases, and hence the resulting annual 
doses, during the dose assessment time window in the case BSA-AIC-LI are the same as 
in BSA-RC (presented in Section 6.2.3). This is supported by Figure 6-46, where the 
annual doses to representative persons within the most exposed group (Emost_exp) and 
among other exposed people (Eother) for biosphere calculation case BSA-AIC-LI are 
shown.   

The only difference between BSA-AIC-LI and BSA-RC is that Se-79 is also screened in 
for BSA-AIC-LI. This is a result of the screening analysis using the geosphere releases 
during the first 15 000 years after emplacement of the first canister when assessing if a 
radionuclide should be propagated or not to the landscape modelling. The results show 
that the Se-79 indeed has insignificant impact on the doses during the dose assessment 
time window; the highest contribution from Se-79 to Emost_exp or Eother is about 0.01%.   
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Figure 6-46. The annual doses to representative persons within the most exposed group 
(Emost_exp) and among other exposed people (Eother) for BSA-AIC-LI and BSA-RC. 

6.4.2 DS(D) – Exposure characteristics 

The disturbance scenario DS-HABITAT assesses the impact on doses to plants and 
animals due to uncertainties in the biotope occupancy. It assumes that the typically 
exposed organisms live constantly in the most constraining (in terms of absorbed dose 
rate) biosphere object of the type (i.e. biotope) they would naturally inhabit. In the base 
scenario, plants and animals may be found in any suitable part of the contaminated area 
of the model domain, taking into account specific biotope occupancy preferences and 
typical (average) contamination is used as the basis of assessment. The calculation case 
DS(D)-HABITAT identified within this scenario is therefore intended to represent the 
upper-bound on biota absorbed dose rates and is therefore pessimistic with regard to 
biota occupancy assumptions, particularly for larger mammals for which greater spatial 
migration would be expected.   

For those representative species with transient habits, occupancy of multiple biotopes is 
permitted, but it is cautiously assumed that occupancy is within the most constraining 
instance of each biotope type inhabited; relative biotope occupancy factors remain 
consistent with the base scenario. The relative locations of the most contaminated 
biotopes within the assessment area are not taken into account and maximally exposed 
biotopes may not therefore be co-located within the landscape model. A considerable 
degree of conservatism is therefore associated with results for transient species in 
particular. 

With the upper bound on possible exposure of plants and animals being the intended 
focus of DS(D)-HABITAT, the derived activity concentrations in the case 
VS(A)-SOUTH2 are used as the basis for this calculation case. This is because the case 
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VS(A)-SOUTH2 results in the highest typical absorbed dose rates of all cases under the 
base and variant scenarios (see sections 6.2.3 and 6.3.3). 

The greatest absorbed dose rates, and the times at which maximal exposure occurs, for 
the most exposed organisms in terrestrial, freshwater, brackish, and semi-aquatic 
(terrestrial and aquatic) environments are presented in Table 6-16. The typical absorbed 
dose rates during the dose assessment time window for the four most exposed 
organisms in terrestrial, freshwater, brackish, and semi-aquatic (terrestrial and aquatic) 
environments are presented in Figure 6-47.  

Table 6-16. Representative species receiving the highest absorbed dose rates for the 
calculation case DS(D)-HABITAT.  

Ecosystem Biotope 
occupancy 

Representative 
species 

Typical 
dose rate 
(microGy/h) 

Year of 
maximal 
exposure 

Terrestrial Upland forest (a) Hazel grouse egg 1.5E-5 7970 
Mire (b) - - - 
Cropland  Common frog 9.5E-7 12020 
Transient Brown bear 8.0E-6 7970 

Freshwater  Lake Canadian waterweed 4.1E-1 7970 
Lake reed bed Canadian waterweed 4.1E-1 7970 
Transient  Mallard  

Pike  
4.1E-1 7970 

Brackish 
water 

Coast Bladder wrack 
Benthic isopod 
Eurasian watermilfoil 
Clasping-leaf pondweed 
Stonewort 

1.1E-11 11020 

Coast reed bed Eurasian watermilfoil 
Mallard egg 
Common reed 
Club rush 
Clasping-leaf pondweed 

1.1E-11 11020 

Open sea European flounder 
Benthic isopod 

1.1E-11 11020 

Transient  Grey seal 
Baltic herring 
Ruffe 
Roach 
Pike 
Perch  
Mallard  

1.1E-11 11020 

Terrestrial 
and aquatic 

Mire, lake & 
lake reed bed 

Beaver  3.3E-1 7970 

(a) Comprises the biotopes rock forest, heath forest and grove 
(b) Uncontaminated in the calculation case DS(D)-HABITAT 
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Figure 6-47. Absorbed dose rates for plants and animals for the calculation case 
DS(D)-HABITAT for the most exposed organisms in freshwater, brackish, semi-aquatic 
and terrestrial environments. 

The most exposed representative organism is mallard occupying lake and lake reed bed 
biotopes with an absorbed dose rate of 0.4 microGy/h. Maximum dose rates, assuming 
occupancy in the most constraining biosphere object for each representative species, are 
at most three orders of magnitude greater than those calculated in variant scenario 
VS(A)-SOUTH2 (Section 6.3.2) and around six orders of magnitude greater than the 
Reference Case. The large increase in dose rates is directly linked to the highly 
conservative assumption that individuals can remain entirely within the most 
constraining biosphere object. This assumption is not considered realistic in terms of 
animal behaviour and the spatial requirements of populations. In contrast, the approach 
to dose rate calculations for all other calculation cases has been to apply average activity 
concentrations across any given type of contaminated biotope thus dose rates represent 
the typical exposure across all individuals within the assessment area populations. 
Whilst dose rates are substantially greater than alternative calculation cases, they 
nonetheless remain an order of magnitude below the most constraining ICRP DCRL of 
4 microGy/h for planned exposure situations and are more than an order of magnitude 
lower than the ERICA screening value of 10 microGy/h. 

6.4.3 DS(F) – Inadvertent human intrusion 

The inadvertent human intrusion disturbance scenario, DS(F), assumes that borehole 
drilling reaching repository depth is conducted somewhere within the footprint of the 
repository, using a plausible current drilling technique, and that spent nuclear fuel is 
brought to the surface. It is assumed that the time of intrusion is at earliest 1000 years 
after disposal of a canister. Six calculations cases are defined: a) DS(F)-CANISTER-D 
and DS(F)-CANISTER-G, assuming that drilling hits an intact canister and spent 
nuclear fuel is brought up to the surface, b) DS(F)-BUFFER-D and DS(F)-BUFFER-G, 
assuming that drilling is performed in the vicinity of an initially defective canister and 
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contaminated buffer is brought up to the surface, and 3) DS(F)-BACKFILL-D and 
DS(F)-BACKFILL-G, assuming that drilling is performed in the vicinity of an initially 
defective canister and contaminated backfill is brought up to the surface. Three cases 
address exposure of members of the drill crew (denoted ‘-D’) and three cases address 
exposure of a geologist (denoted ‘-G’). The assumptions regarding the defective canister 
in the cases bringing buffer and backfill up to the surface are the same as in the 
Reference Case for the repository system (BS-RC).  

The methodology and data for the dose calculation, and resulting normalised dose 
results, for analysing human intrusion scenarios are documented in Smith et al. (2013). 
These normalised dose results are below denoted dose conversion factors (DCFs). In 
this assessment, these DCFs are used in conjunction with inventory data and 
contamination levels in the relevant media and estimated indicative probabilities of 
intrusion at the Olkiluoto site to estimate expectation values of effective doses to 
drilling technicians and site geologists. The data used and results obtained are presented 
in detail in Biosphere Radionuclide Transport and Dose Assessment. 

Drilling frequency 
The drilling frequency of boreholes to repository depth in Finland has varied rather 
substantially over the last fifty years, from a couple of holes per year up to some couple 
of tens (Table 6-17). On average, about 10 holes of a length of 350 to 400 metres or 
more have been drilled yearly. There is little information on the dip used when drilling 
those holes, so the actual depth they reach is not available. However, it is deemed that a 
drilling frequency of 10 holes per year reaching repository depth is appropriate to use as 
an indicative value. 

Probability of intrusion 
The estimate of the probability of intrusion should be considered an indicative rough 
estimate of the order of magnitude, simply based on the historical drilling frequency of 
deep holes discussed above and the fraction of the present-day land area of Finland that 
the contaminated materials potentially brought up to the surface cover. No assumptions 
are made on preferences as to where future generations may be interested in performing 
deep drilling, hence, the probability per unit land area is assumed to be constant and 
uniform across all of Finland. 

Table 6-17. Drilling frequencies of deep holes in Finland between the years 1961 and 
2009. Source: The National Drill Core Register (LOPPI), maintained by the Geological 
Survey of Finland (GTK); http://info.gtk.fi/ - accessed 20 August 2012. 

Years Average number of drill holes 
[per year] 

 Length >400m Length >350m 
1961-1970 6.3 6.9 
1971-1980 10.4 12.8 
1981-1990 18.5 24.1 
1991-2000 6.8 6.9 
2000-2009 2.4 2.4 
   
1961-2009 8.8 10.62 
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The annual probability that a drill penetrates a spent nuclear fuel canister and 
radioactive material is brought to the surface in the drill core is estimated by 
multiplying the drilling frequency by the total footprint of all canisters and dividing by 
the land area of Finland. This results in an annual probability of about 10-7.  The annual 
probabilities that a drill penetrates into already contaminated buffer or backfill and 
radioactive material is brought to the surface in the drill core are estimated in same way 
but using the total footprint of the contaminated buffer or backfill derived from one 
defective spent nuclear fuel canister. This results in annual probabilities of about 10-10 
and 10-9 for the buffer and backfill cases, respectively. 

Inventory and activity concentrations 
The radionuclides analysed in DS(F)-CANISTER-D and DS(F)-CANISTER-G are not 
identical with the radionuclides selected for the analysis of the scenarios in the 
Assessment of Radionuclide Release Scenarios report (Appendix F.3). The set of 
radionuclides included in the analysis of human intrusion scenarios needs to include a 
rather large number, including many radionuclides that in many other scenarios would 
not reach the surface environment in significant amounts due to their properties. In total, 
82 radionuclides are considered in the analysis. However, only 44 out of this set are 
addressed, these are the ones with DCFs derived in Smith et al. (2013). It is recognised 
that excluding radionuclides will underestimate the radiological impact. It is considered 
that this is not very significant for the results. The contribution to the total activity 
inventory of the excluded radionuclides is small (less than about 5%) during the first 
10 000 years after disposal and increases to about 20% after 100 000 years. 

The radionuclides analysed in the calculation cases assuming that drilling is performed 
in the vicinity of an initially defective canister are the radionuclides analysed in the 
Assessment of Radionuclide Release Scenarios report, (see Appendix F3). In the 
analysis presented here the resulting activity concentrations from the repository 
Reference Case are used. 

Results and discussion 
The DCFs derived in Smith et al. (2013) assume drilling into a 1 m length of material 
contaminated with 1 Bq/g of a specific radionuclide and that the exposure at the surface 
occurs for 1 hour. The DCFs for four of the scenarios in Smith et al. (2013) have been 
selected on their basis of relevance to the Posiva disposal system. These DCFs have 
been combined with the canister inventory, or derived activity concentrations in the 
buffer and backfill, and the estimated indicative annual probabilities to derive 
expectation values of the effective doses for the six calculation cases. The resulting 
doses are presented in Figures 6-48 and 6-49, limited to members of the drill crew since 
they get higher doses than a geologist. 

As seen in the results, the expectation values of the dose are much higher if the drill 
core brought up to the surface contains spent nuclear fuel than if it contains 
contaminated buffer or backfill. This is expected since the probability that a drill 
penetrates an intact spent nuclear canister is in this exercise estimated to be in the order 
of 100-1000 times higher than the probability that a drill penetrates into already 
contaminated buffer or backfill, and that the activity concentrations are much smaller in 
the buffer and backfill due to the assumption that they are contaminated by only a small 
fraction of the total activity in one canister.  
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The highest expectation value of the total effective dose over all six calculation cases is 
about 3·10-3 mSv. This is the dose to a driller exposed to spent nuclear fuel if the 
intrusion occurs 1 000 years after disposal. This is more than one order of magnitude 
below the regulatory constraint on the annual dose to most exposed people.  

However, it should be noted that the calculated dose itself is high in the case of drilling 
directly into a canister. Not accounting for the low probability that the intrusion actually 
occurs into a deep geological repository, the effective doses to people involved in 
drilling are in the range from hundreds of mSv to a few tens of Sieverts in the 
calculation cases DS(F)-CANISTER-D and DS(F)-CANISTER-G, hence the acute 
absorbed doses are certainly above the threshold for deterministic health effects (see 
Section 7.2). For the buffer and backfill cases, the doses are small regardless of whether 
the low probability is accounted for or not; the calculated dose maximum is less 
than 10-4 mSv. It is likely to be the case that the closer to the surface the waste is 
disposed, the higher is the probability of inadvertent intrusion. Hence, from a human 
intrusion point-of-view, disposing of spent nuclear fuel deep in a host rock of no general 
interest is a solution that provides good radiological safety. 

Another interesting, but not surprising, observation is that the radionuclides dominating 
the dose differ between the calculation cases. The radionuclides dominating the dose in 
DS(F)-CANISTER-D and DS(F)-CANISTER-G are, as expected, the ones with highest 
radiotoxicity in the spent fuel inventory, especially isotopes of Pu and Am (see 
Figure 6-48). Almost the same radionuclides dominate the dose from the cases 
analysing the contaminated buffer (see Figure 6-49). However, when the contaminated 
material is further away from the canister, transport properties of the radionuclides start 
to be important. The set of radionuclides dominating the dose in the cases analysing 
contaminated backfill (see Figure 6-49) have high mobility in the near-field, such as 
radioisotopes of the elements Cs, C, Cl, I, Ra and Ag. This set of radionuclides is more 
or less the same as the ones analysed in the base and variant scenarios in the present 
assessment.   
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Figure 6-48. Expectation values of the effective dose for DS(F)-CANISTER-D, 
including only the radionuclides that at any time exceed a value of 10-6 mSv. 
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Figure 6-49. Expectation values of the effective dose for the calculation cases 
DS(F)-BUFFER-D (top) and DS(F)-BACKFILL-D (below). Radionuclides with doses 
more than about three orders of magnitude lower than the total dose are not shown in 
the figures. 
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6.4.4 DS(G) – Deep wells 

In the disturbance scenario addressing a deep well, two calculation cases, 
DS(G)-HOUSEHOLD_WELL and DS(G)-AGRICULTURAL_WELL, are defined (see 
also Table 4-5). These cases are stylised and hence differ significantly from the analysis 
of the calculation cases following the main biosphere assessment modelling chain (see 
Figure 2-2). The analysis of these deep well cases results in a set of dose conversion 
factors (DCFs) that have been applied to all repository calculation cases propagated to 
the biosphere assessment (see also Table 4-6). The models and derivation of the DCFs 
are documented in Biosphere Radionuclide Transport and Dose Assessment.  

The estimation of the rough magnitude of annual doses to a representative member of 
the most exposed group using these what-if cases is simply calculated by multiplying 
the radionuclide-specific DCFs with the activity releases from the repository. This 
section presents the DCFs for the two calculation cases (Table 6-18) and the resulting 
annual doses applying these factors to the near-field and geosphere releases resulting 
from analysing the repository calculation cases. Since the DCFs are not dependent on 
the surface environment development, they may in principle be applied throughout the 
whole assessment time window. The results presented below covers the first 50,000 
years after disposal, which covers the dose maxima during the whole assessment time 
frame for all analysed cases. 

The resulting annual doses when applying DS(G)-HOUSEHOLD WELL and 
DS(G)-AGRICULTURAL WELL to the near-field and geosphere releases in the 
repository Reference Case (BS-RC) are shown in Figure 6-50, together with the 
resulting annual doses in the biosphere Reference Case (BSA-RC).  

The resulting annual dose maxima when applying DS(G)-HOUSEHOLD WELL and 
DS(G)-AGRICULTURAL WELL to the near-field and geosphere releases in all 
analysed repository cases are shown in Figure 6-51 and 6-52.  
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Table 6-18. Dose conversion factors for DS(G)-HOUSEHOLD WELL and 
DS(G)-AGRICULTURAL WELL. Where decay chains are given, the DCFs are for the 
parent radionuclide and the decay products, assumed to be in secular equilibrium15. 

Nuclide(s) 
HOUSEHOLD WELL

(Sv/Bq) 
AGRICULTURAL WELL

(Sv/Bq) 

Be-10 9.9E-14 1.0E-13 

C-14 5.2E-14 7.9E-14 

Cl-36 8.4E-14 2.6E-13 

Ni-59 5.7E-15 7.2E-15 

Ni-63 1.4E-14 1.7E-14 

Se-79 2.6E-13 1.1E-12 

Sr-90  Y-90 2.8E-12 4.1E-12 

Zr-93  Nb-93m 2.3E-13 2.4E-13 

Mo-93  Nb-93m 4.1E-13 5.5E-13 

Nb-93m 1.4E-13 1.4E-13 

Nb-94 1.5E-13 1.6E-13 

Tc-99 5.8E-14 8.6E-14 

Pd-107 3.3E-15 4.2E-15 

Ag-108m 2.1E-13 5.1E-13 

Sn-126  Sb-126 4.5E-13 6.8E-13 

I-129 9.9E-12 1.5E-11 

Cs-135 1.8E-13 3.2E-13 

Cs-137 1.2E-12 2.1E-12 

Sm-151 8.8E-15 9.1E-15 

Ra-226  Rn-222  Pb-210  Bi-210  Po-210 2.0E-10 2.1E-10 

Th-229  Ra-225  Ac-225 5.5E-11 5.6E-11 

Th-230 1.9E-11 1.9E-11 

Th-232  Ra-228  Th-228  Ra-224 9.5E-11 1.0E-10 

Pa-231  Ac-227  Th-227  Ra-223 1.7E-10 1.7E-10 

U-233 4.6E-12 5.4E-12 

U-234 4.4E-12 5.2E-12 

U-235  Th-231 4.3E-12 5.0E-12 

U-236 4.2E-12 4.9E-12 

U-238  Th-234 4.4E-12 5.0E-12 

Pu-238 2.1E-11 2.1E-11 

Pu-239 2.3E-11 2.3E-11 

Pu-240 2.3E-11 2.3E-11 

Pu-241 4.3E-13 4.3E-13 

Pu-242 2.2E-11 2.2E-11 

Np-237  Pa-233 1.0E-11 1.0E-11 

Am-241 1.8E-11 1.8E-11 

Am-243  Np-239 1.8E-11 1.8E-11 

Cm-245  Pu-241 1.9E-11 1.9E-11 

Cm-246 1.9E-11 1.9E-11 

 

 

                                                 

15 Secular equilibrium is a situation in which the quantity of a radioactive isotope remains constant, because its 
production rate (due, e.g., to decay of a parent isotope) is equal to its decay rate. 
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Figure 6-50. The annual doses for DS(G)-HOUSEHOLD_WELL and DS(G)-
AGRICULTURAL_WELL applied to the near-field and geosphere releases in the 
repository Reference Case (BS-RC) and the annual dose to a representative person 
from the most exposed group in the biosphere Reference Case BSA-RC. 
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Figure 6-51. The annual dose maxima for DS(G)-HOUSEHOLD_WELL applied to the 
near-field releases (top) and geosphere releases (below) in the analysed repository 
calculation cases. 
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Figure 6-52. The annual dose maxima for DS(G)-AGRICULTURAL_WELL applied to 
the near-field releases (top) and geosphere releases (below) in the analysed repository 
calculation cases. 
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7 BIOSPHERE RELATED COMPLEMENTARY CONSIDERATIONS 

The following sections discuss the various comparisons introduced in section 2.2.3. The 
sections are ordered so as to present a logical sequence of discussion: 

 levels of radiation exposure seen in a wide range of different circumstances; 

 levels of risks associated with those levels of radiation dose; 

 radiation health risks compared with other human health risks, and 

 application of the above to the assessment results, leading to observations about 
the potential level of post-closure impact from the spent nuclear fuel repository 
at Olkiluoto. 

7.1 Levels of radiation dose that arise in different circumstances 

7.1.1 International Perspective 

UNSCEAR (2008), probably the most authoritative international reference, summarises 
radiation doses to the world population under the various categories of exposure as 
shown in Table 7-1. A similar distribution concerning natural radiation doses in the 
population of the United States and Canada is presented in NCRP (1987), along with a 
discussion of the significance of regional variations and of radon exposure and factors 
that affect it. The UK Health Protection Agency’s (HPA) review of radiation exposure 
of the UK population released in 2005 (HPA 2005), provides summary data as in 
Table 7-2. This reference is particularly useful as the compiled data were prepared 
relatively recently and collated in a consistent fashion so as to make comparisons 
relevant and consistent across a wide range of exposure situations.  

There are several key points to note from the above Tables. Firstly, the biggest 
contributor to average individual doses is from natural radioactivity, and the dominant 
contributor to that is due to radon and its short-lived progeny. HPA (2005) reported 
highest levels appear higher than those given by UNSCEAR, but not when account is 
taken of the UNSCEAR comment that doses can be much higher in some dwellings 
than in the typical range. It is important to note that modes of natural exposure other 
than radon are not nearly so variable and are also more or less unavoidable. The 
diagnostic medical dose average is potentially misleading, in that those subject to some 
form of diagnosis, such as computerised tomography scans, will receive a considerably 
higher dose than the average, and those who are not subject to diagnosis will receive 
none. Diagnostic techniques are selected on the basis of patient need, but the radiation 
itself does not actually confer a benefit to the patient, and optimisation of the techniques 
can be more broadly based and subject to general control. Therapeutic doses are not 
included as these are unavoidable if the therapy is to be effective. There is scope for 
optimisation but only on a patient-by-patient basis.  

  



202 
 

Table 7-1. Global average annual average radiation doses by source or mode of 
exposure (UNSCEAR 2008). 

Source or mode  
of exposure 

Annual average dose 
(worldwide) [mSv] 

Typical range of 
individual doses [mSv] 

Comments 

Natural sources of exposure 

Inhalation (radon gas) 1.26 0.2 - 10 Much higher in some dwellings 
than in the typical range 

External terrestrial 0.48 0.3 - 1 Much higher in some locations than 
in the typical range 

Ingestion 0.29 0.2 - 1  
Cosmic radiation 0.39 0.3 - 1 Dose increases with altitude 
Total natural 2.4 1 - 13 Sizeable population groups 

receive 10 – 20 mSv 

Artificial sources of exposure 

Medical diagnosis (not 
therapy) 

0.5 0 – several tens Individual doses depend on 
specific examinations 

Atmospheric nuclear 
testing 

0.005 Some higher doses near 
test sites still occur 

Average has fallen from a peak of 
0.11 mSv in 1963 

Occupational 
exposure 

0.005 0 – 20. Does not include 
accidents. 

Average dose to all workers is 0.7 
mSv. Most of the average dose 
and most of the highest exposures 
are due to natural radiation (radon 
in mines). 

Chernobyl accident 
(globally dispersed 
radionuclides) 

0.0002 In 1986, average dose to 
300,000 workers involved in 
recovery operations was 
nearly 150 mSv, and more 
than 10 mSv to more than 
350 000 other individuals. 

The average dose in the northern 
hemisphere has decreased from a 
maximum of 0.4 mSv in 1986. 
Thyroid doses were much higher. 

Nuclear fuel cycle 
(public exposure, from 
globally dispersed 
radionuclides 

0.002 Doses are up to 0.02 mSv 
for critical groups {living 
close to} at some nuclear 
sites.  

See UNSCEAR (2008) for further 
explanation) 

Total artificial 0.6 From essentially zero to 
several tens.  

Individual doses depend 
primarily on medical treatment, 
occupational exposure and 
proximity to test or accident 
sites. 

 

Occupational doses from artificial sources are those doses to workers commonly 
recognised as being radiation workers, for example, those in the health service carrying 
out radiology and radiotherapy, but also nuclear industry workers, some in defence, 
research, teaching, and general industry. The highest in the range for artificial (man-
made) sources is the group of workers involved in fuel reprocessing. However, the 
highest occupational exposures are due to natural sources. These include air crew, 
whose average annual dose is 2 mSv, due mostly to higher cosmic radiation exposure, 
and people who work in places where the natural radon level is high. The average of 1.6 
mSv per year has been determined (HPA 2005) based on those work locations where 
radon is subject to regulatory control. It is subdivided into two groups: workers in mines 
and caves, whose average is 0.7 mSv per year, and workers exposed to radon in other 
places subject to regulatory control, whose average is 5.3 mSv per year. This UK 
distinction could be reflected in many places; it reflects that control of exposure in 
mines and caves has a longer history of regulatory supervision than of radon in other 
places of work. Individual doses from disposal are completely dominated by effluent 
discharges rather than solid waste disposal.  
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Table 7-2. Annual individual exposure to the UK Population from all sources of 
ionising radiation (HPA 2005) 

Source Average annual dose 
[mSv] 

Range [mSv] Comment 

Natural Sources 

Cosmic 0.33 0.2 – 0.4 Including 0.03 mSv from air travel 
Terrestrial gamma 0.35 0.1 – 1.0  
Internal 0.25 0.1 – 1.0 Excl. radon and thoron 
Radon 1.2 0.3 - 100 Incl. daughters 
Thoron 0.1 0.05 – 0.5 Incl. daughters 
Total natural 2.23 1 - 100  

Artificial Sources 

Medical 0.41 Not given Diagnostic dose to patients, i.e. 
excludes doses from radiotherapy 

Occupational: 
Artificial (man-made) 
sources 
 
 
 
 
Occupational dose from 
natural sources also 
include: 
 

 
0.006 

 
 
 
 
 

1.6 

 
0.1 – 0.8 

Does not include 
accidents. 

 
 
 

0.7 – 5.3 

 
Doses to recognised radiation 
workers. Range is the range of 
average doses from different 
industries.  
 
 
The natural exposure during 
occupation arises from:  
 cosmic ray exposure of air crew 
 radon exposure in mines and 

caves subject to regulatory 
control, and 

 radon in other workplaces 
subject to regulatory control. 

The range given is the range of 
average doses in these three 
categories. 

Fallout 0.006 Not given  
Consumer products 0.0001 <0.0001 – 0.30 Largest doses from natural 

radionuclides in photographic lenses 
Disposal  0.0009 <0.005 – 0.62 Range represents the range of 

assessed critical group doses at 
different sites in 2004 (HPA, 2005) 

 

Overall, it is very clear that radiation exposure in worker and public exposure contexts, 
is dominated by natural sources. The picture provided by UNSCEAR (2008) and HPA 
(2005) is not radically different from those in the other older references given at the 
beginning of this subsection, although there has been an upward trend in recent years in 
exposures from medical diagnostic procedures, due to their increased level of use and 
the higher level of use of computerised tomography. See for example discussion in 
Mettler et al. (2009). 

It can be argued that some aspects of radon exposure are not natural, although the 
source of the radiation is natural. For example, based on the information sources for 
Tables 7-1 and 7-2, levels are much higher inside housing that the outside natural 
atmosphere, and in recent years improved double glazing and roof insulation have 
reduced rates of air change thus increasing radon levels still further compared to an 
entirely natural environment, having a much larger effect on population exposure than 
the nuclear industry.  A more direct effect occurs in those cases where the source of 
radon in the home includes a contribution from building materials which contain 
Ra-226, but at levels that are higher than would occur otherwise because of materials 
processing by humans, such as breeze blocks made from coal ash (Green 1986). 
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7.1.2 Levels of radiation dose in Finland  

Summary information on radiation doses is provided by STUK16 and is reproduced in 
Table 7-3. The average annual effective dose for Finns being 3.7 mSv, where roughly 
half of the dose origins from exposure to radon in indoor air. 
 
The average annual radiation dose for Finns is marginally higher than the global 
average of 3 mSv, taking into account natural and artificial sources. This largely reflects 
the higher levels of radon found in residences in Finland, i.e. around 128 Bq/m3, 
compared with levels of 108, 77, 60, 60, 50 and 20 Bq/m3 respectively, in Sweden, 
Italy, Norway, Ireland, Germany and the UK (EC 1998). The other expected significant 
source of exposure, medical diagnostic procedures, at an annual average of 
about 0.5 mSv (Table 7-3). Again this is slightly higher than the global average 
indicated in Table 7.1. This may reflect the relative availability of health services in 
Finland compared with much of the world. Note that, as elsewhere, some Finnish 
people will have no diagnostic examinations in a particular year, but then may have 
many in the event of a serious injury or illness. 

STUK notes the variation in external background dose rate as ranging 
between 0.04-0.30 microSv/h17, approximately 0.35-2.6 mSv/y assuming full occupancy 
in the year at the location exhibiting the dose rate. This indicates significant variation 
from place to place within Finland, but is a similar range of variation to that indicated 
elsewhere in Table 7-1, taking account of the comments in the comments column. 
Variation in doses can also arise according to human habits, such as their source of 
water. Vesterbacka (2007) estimated a mean annual effective dose from natural 
radionuclides for users of drilled wells of 0.41 mSv/y, 0.05 mSv/y for users of wells dug 
in the ground, and 0.02 mSv/y for people using water from waterworks. 

Overall, it is concluded that the radiation exposure situation is broadly similar to that in 
other countries, but is higher than the global average due mainly to higher levels of 
natural radioactivity. A similar level of spatial variation is also indicated. 

Table 7-3. Annual effective doses to Finnish people from different sources (based on 
information provided by STUK. 

Source of the exposure Annual effective dose 
[mSv] 

Radon in indoor air 2.0 

Natural radioactivity in the body 0.36 

External radiation from the ground 0.45 

Cosmic radiation 0.33 

Medical X-ray exams 0.5 

Medical radioisotope exams 0.03 

Nuclear weapons tests and Chernobyl fallout 0.02 

Total (rounded) 3.7 

 

                                                 

16 www.stuk.fi/sateilytietoa/ihmisen_radioaktiivisuus/fi_FI/keskimaarainen_sateilyannos/ 
17 http://www.stuk.fi/sateilyvaara/en_GB/esim_annos/. STUK also note that the highest hourly dose rate measured in Finland during 

the Chernobyl accident was 5 µSv/h. 
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7.2 Health risks associated with different levels of radiation dose 

Health effects from radiation can be divided into a two major pairs of categories: 

1. somatic, which affect the person exposed, and heritable, which affect the 
descendants of the exposed person; and  

2. deterministic, which arise if the level of dose exceeds a threshold, and 
stochastic, which may arise after any level of dose, but, broadly speaking with 
the effect being more likely for higher doses. 

Somatic and heritable effects are both taken into account in the control and regulation of 
radiation doses and risks, see below and Table 7.4 

HPA (2010) summarises deterministic health effects arising at different levels of acute 
radiation exposure, ranging from a slight decrease in blood cell count and almost certain 
survival for doses in the range 500 – 1000 mGy, to certain death at doses above 
30 000 mGy. These levels of exposure are very much higher than those typically 
associated with future releases from radioactive waste repositories, except in the case of 
exposure of people directly exposed in the course of inadvertent human intrusion (Smith 
et al. 2013).   

Deterministic effects do not play a significant role in discussion safety cases for 
radioactive waste disposal, but they may nevertheless be of interest to some 
stakeholders, and it may be useful to be explicit and clear that no such effects will arise 
from a repository unless the repository is intruded into shortly after disposal takes place 
(Smith et al. 2013). While this is not impossible, inadvertent disturbance or even misuse 
of HLW is far more likely if the material is retained at the surface. 

The stochastic effects of main interest are cancer and the induction of genetic 
abnormalities (hereditable effects) in the off-spring of the exposed individual. The 
International Commission on Radiological Protection (ICRP) and United Nations 
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) are the most 
authoritative advisory bodies on stochastic radiation risks. The most recent published 
general recommendations by the ICRP are in ICRP Publication 103 (ICRP 2007). They 
present updated detriment adjusted nominal risk coefficients for stochastic effects 
(cancer induction and heritable effects) after exposures  at low dose rates, as well as the 
previous values given in ICRP Publication 60 (ICRP 1991), as summarised  in 
Table 7-4. 

Table 7-4. Nominal Risk Coefficients expressed as percent induction per Sievert of 
effective dose. 

Exposed 
population 

Cancer Heritable effects Total

Pub. 103 
(2007) 

Pub. 60 
(1991) 

Pub. 103 
(2007) 

Pub. 60 
(1991) 

Pub. 103 
(2007) 

Pub. 60 
(1991) 

Whole 5.5 6.0 0.2 1.3 5.7 7.3 
Adult 4.1 4.8 0.1 0.8 4.2 5.6 
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These risks coefficients were determined on the basis of a linear no-threshold dose-
effect relationship. Para 65 (ICRP 2007) notes that ICRP continue to adopt the Linear 
No-Threshold (LNT) hypothesis for relating dose to risk. According to this, incremental 
doses to individuals below 100 mSv will produce a directly proportionate increment in 
the probability of incurring cancer or heritable effects due to the radiation. Above 
100 mSv, the risk may not be directly proportional, depending on the dose rate at which 
it is delivered. 

The IAEA has endorsed ICRP’s approach and most recent recommendations in its 
revised Basic Safety standards (IAEA 2011c). They have also been endorsed by the UK 
Health Protection Agency (HPA 2010), who also concluded that doses of interest in 
terms of public exposure arising from radioactive waste management are very low, two 
orders of magnitude less than the average annual doses from natural background 
radiation. Risks at such very low doses can only be estimated on the basis of 
observations after exposure of population groups at much higher doses and that the 
estimated risks for these very low doses, while uncertain, are as likely to be 
overestimates as underestimates. These comments reflect uncertainties in risks per unit 
dose at very low dose rates. 

Given the significance of radon exposure in the above data, it is important to 
acknowledge the significant literature given over to analysis of lung cancer deaths from 
indoor radon and the cost effectiveness and potential of policies to reduce them, as 
discussed in Gray et al (2010). 

7.3 Radiation health risks compared with other human health risks 

Average annual individual radiation health risks can be estimated as the product of the 
annual individual dose, e.g. 3.7 mSv in Finland (Table 7-3), with the nominal risk 
coefficients in Table 7-4, e.g. 5.7% per Sv for the whole population. This indicates a 
lifetime risk of a serious deleterious health effect of 2.1·10-4 from one year of exposure.  

The annual individual risk linked to the requirement (see Table 1-1) that the annual dose 
to the most exposed people shall remain below the value of 0.1 mSv corresponds to a 
lifetime risk of a serious deleterious health effect of 5.7·10-6 (from one year of 
exposure). 

HSE (2001) provides useful information about the characteristics of risks from different 
kinds of activities and phenomena and presents them in the context of risks from 
radiation and nuclear facilities. These can be summarised as follows. 

Comparing the degree (level of consequence) and probability of the various risks is not 
an easy task. Different kinds of risks have to be compared in different ways. Some kinds 
of risk, such as being killed by lightning or in a road accident or by some other violent 
cause, are borne by large numbers of people or even by everyone all the time, so it is 
reasonable to give the chance per million per annum, even though some people would 
have a better chance than others, if for example they avoided areas known for major 
storms. 

Some kinds of risk need to be compared in a way that takes account of the extent to 
which the risk is being run. For example, to compare the risks of death from by air, road 
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or rail we need to express it as a proportion of the number of kilometres or the number 
of journeys travelled. 

Estimating the annual chance of certain major events, in the current context, such as a 
very unlikely release scenario, also presents difficulties. Estimates of this kind can 
sometimes be based on direct or historical experience. It is known, for example, how 
many major fires occur each year in any of the developed countries, and the same trend 
can be expected to continue, more or less. Sometimes, however, these estimates 
represent no more than a complex set of expert judgements based on a variety of factors 
such as the rate of failure of engineering components.  

Some others, such as estimating the chance of an aircraft crash, represent a scaling 
down of world experience. As a result, all of them are subject to various sources of 
error. Moreover, some estimates may be overstated, e.g. those that depend on 
engineering judgement because of the caution and pessimism that it is customary to 
build into such estimates. Others will be understated because, for many hazards, they 
compare only the chance of immediate death, ignoring that the hazards also carry with 
them a risk of injury or ill health or of delayed death. 

Another factor is that some technological risks are modified because of attitudes to the 
nature of the hazard. The radiation risks to patients associated with medical diagnosis 
are, in general terms, substantially outweighed by the benefits, and the risks are 
accepted, even though other areas of radiation exposure give rise to considerable 
concern. It is possible that this acceptance is linked to trust of the medical profession, 
even to the extent that acceptance may be overly afforded (Timmins 2011). 

Recognising these important reservations, the tables 7-5 and 7-6 below give some idea 
of how the different risks compare with each other in size and probability. They are 
based on data from the UK but for general comparison purposes are considered broadly 
applicable to any developed country.  

Table 7-5.Annual risk of death for various United Kingdom age groups based on deaths 
in 1999 (HSE, 2001). 

Population group Risk as annual
experience 

Risk as annual
experience per million 
 

Entire population 1 in 97 10 309 

Men aged 65-74  1 in 36 27 777 

Women aged 65-74 1 in 51 19 607 

Men aged 35-44 1 in 637 1 569 

Women aged 35-44 1 in 988 1 012 

Boys aged 5-14 1 in 6 907 145 

Girls aged 5-14 1 in 8 696 115 
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Table 7-6. Annual risk of death for various causes averaged over the entire population. 
(HSE 2001) 

Cause of death Annual risk 

Cancer  1 in 387 

Injury and poisoning  1 in 3 137 

All types of accidents and all other external causes 1 in 4 064 

All forms of road accident 1 in 16 800 

Lung cancer caused by radon in dwellings 1 in 29 000 (a) 

Gas incident (fire, explosion or carbon monoxide poisoning) 1 in 1 510 000 

Lightning 1 in 18 700 000 

(a) This figure would be expected to be higher in Finland, in proportion to the higher 
radon levels and doses noted above. However, the differences are small compared to 
the differences in risks for the listed causes of death. 

 
7.4 Application of biosphere related complementary considerations 

The material provided in the previous sub-sections, combined with the results of the 
dose calculations presented in Section 6, especially for the Reference Case, allow the 
following observations about the potential level of impact from the spent nuclear fuel 
repository at Olkiluoto. 

The annual dose maxima to a representative person within the most exposed group 
presented in Chapter 6 of this report ranges from about 1·10-7 mSv up to about 2·10-4 
mSv. These doses are assessed on the basis of release of radionuclides in groundwater. 
They are compared with the regulatory annual dose constraint of 0.1 mSv which applies 
to the repository for such releases, and may also be compared with internationally 
recommended (IAEA 2011c) dose limits for workers of 50 mSv in any single year, and 
for the public of 1 mSv. The same limits are adopted in Finland (Radiation Decree 
20.12.1991/1512).  

These assessed doses are very much lower than those arising from a wide range of 
sources (see Tables 7-1, 7-2 and 7-3) natural background sources e.g. cosmic radiation, 
and much lower than those from other natural sources but which are enhanced by 
human behaviour, e.g. living in houses with low air-exchange rates and/or constructed 
from materials containing technologically enhanced levels of natural radionuclides. 
They are also very much lower than doses received by many people at some time in 
their lives in the course of medical diagnosis, and very much lower than doses received 
by many people in the course of their occupation as radiation workers. They are much 
lower than the average individual doses received worldwide during the period of 
atmospheric testing of nuclear weapons.  

The number of people in the group receiving the assessed doses for the Reference Case 
presented in Figure 6-10 is of the order of a few tens. Other people could also be 
exposed but at still lower doses, as presented in Figure 6-11, and the number of people 
involved is still relatively small, of the order of a few thousands. The dose to any 
individual in the population of Finland due to releases from the repository at any time in 
the future would be very considerably lower than that arising from many other sources, 
assuming future exposure levels of population are similar to that of the present day. 
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The annual individual health risks associated with the levels of dose presented in 
Figure 6-10 can be estimated using the nominal risk coefficients presented in Table 7-4. 
Thus the maximum risk of a serious deleterious health effect from one year of exposure 
to an adult assuming the maxima presented in Figure 6-10 is the product of 4.2·10-2 (risk 
per Sv) and 2·10-7 (Sv) would be 8.4·10-9, or about 1 in 120,000,000. This level of risk 
can be compared with those from different sources in Table 7-6. These data are from the 
UK, but similar considerations apply in other European countries such as Finland. 
Based on the data presented above, it may be noted that the individual risk of death 
from radon induced lung cancer in Finland is several 1000 times greater than the 
maximum assessed for the spent nuclear fuel repository, and that risk applies to 
everyone in Finland today, not to a very few people living in the far future.  

Assessment of the expectation value of annual individual doses from inadvertent human 
intrusion is a regulatory requirement (Guide YVL D.5, 316). The assessed values range 
up to about 5·10-3 mSv, implying similarly low risks to health compared to other 
radiation sources and other risks to health as those discussed above for groundwater 
releases. It is noted that the risks associated with inadvertent human intrusion are a 
combination of a high individual consequence and a very low probability of occurrence. 
Having in mind the uncertainties associated with estimation of probabilities of human 
actions, it is noted that disturbance of waste stored at the surface for thousands of years 
would appear to be much more likely. The approach adopted is consistent with the 
preferred strategy for the management of all radioactive waste, which is to contain it 
(i.e. to confine the radionuclides to within the waste matrix, the packaging and the 
disposal facility) and to isolate the waste from the accessible biosphere (IAEA 2011a). 
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8 KNOWLEDGE QUALITY ASSESSMENT 

This chapter summarises the key outcomes of the Knowledge Quality Assessment 
(KQA) performed as a part of the biosphere assessment process. Details on the KQA is 
documented in the BSA-2012 supporting reports (Biosphere Description, Biosphere 
Data Basis, Terrain and Ecosystems Development Modelling, Surface and Near-Surface 
Hydrological Modelling, Biosphere Radionuclide Transport and Dose Assessment and 
Dose Assessment for Plants and Animals).  

The KQA is an iterative process that spans the different stages in the biosphere 
assessment process and the broader safety case. Its aim is to foster communication of 
assumptions and uncertainties throughout the assessment chain in a systematic and 
comprehensive manner. The different aspects covered by the KQA were developed on 
the basis of (Ikonen 2006, Hjerpe 2006, Broed 2007, Broed et al. 2008, Haapanen et al. 
2009, Ikonen et al. 2010, Helin et al. 2010, Hjerpe & Broed 2010, Hjerpe et al. 2010), 
with respect to the generic regulatory requirements on compilation of the safety case 
(especially Guide YVL D.5 and its predecessor Guide YVL 8.4), and comprise the 
following. 

 Main applied and available data and information: source and handling of data, 
where were the data used, do they fit the purpose (also addressed by data quality 
evaluation, see below); where data are not used, what would have been the impact 
of including the available but unused data and why were such data not used. 

 Main assumptions: assumptions, their impact and potential for alternative 
interpretations. 

 Main uncertainties: uncertainties in the input data and those produced during the 
interpretation or modelling process, their cause, whether the uncertainty has been 
assessed (qualitatively or quantitatively), means to resolve and whether it would 
help the further assessment. 

 Data quality: the basis for confidence that the data and underlying process 
understanding reach an appropriate level of quality. 

 Overall consistency: consistency within the biosphere assessment, with previous 
versions, correspondence with other relevant models and science in general. 

Since the KQA process is overarching in application to the biosphere assessment with 
iterative development of its components, the results and assessment given here are those 
applicable to the present stage of the programme.  

As discussed in Section 2.1, understanding of the surface environment, projections of 
the development of the surface environment and radiation exposure estimates are the 
main products of the overall biosphere assessment. The summary of the overall 
knowledge quality in the biosphere assessment process is discussed below in respect to 
these three products. 
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8.1 Knowledge quality in the understanding of the surface environment 

Generally, the knowledge quality in the understanding of the surface environment is 
good. For the present assessment, an exhaustive compilation of site data and regional 
studies was not prepared, as the time span from the previous edition, the 2009 
Biosphere description (Haapanen et al. 2009), was short in terms of that needed for 
conducting, analysing and undertaking quality assurance for field studies (Biosphere 
Description, Section 6.2). Hence, the KQA performed in the 2009 Biosphere description 
(Haapanen et al. 2009, Chapter 12) is still valid as updates have been minor. The need 
for an updated and expanded compilation of site data and regional studies underlying 
the next edition of the Biosphere description is recognised. 

However, some field studies have been conducted since the previous edition of the 
Biosphere description − most relevantly in respect of the input to the further biosphere 
assessment, field work on aquatic plants and fish (Kangasniemi et al. 2011, 
Kangasniemi & Helin 2013), the mire environment (Haapanen et al. 2012) and 
concentration ratios for crops (Helin et al. 2011) and for fauna (Helin 2013). 

The major improvement since the 2009 Biosphere description (Haapanen et al. 2009) 
regarding the knowledge quality in the understanding of the surface environment have 
not been in the understanding itself (although there has been some development also in 
that respect), rather in how the information is utilised throughout the safety case. The 
way the information is synthesised and presented in Biosphere Description gives, 
together with Features, Events and Processes, direct input to both the formulation of 
surface environment scenarios and to the safety assessment modelling. In other words, 
the links between the understanding of the surface environment and the safety 
assessment modelling have been substantially strengthened and also made significantly 
more visible. 

8.2 Knowledge quality in the surface environment development 
projections 

This section briefly summarises the KQA of the TESM modelling (Terrain and 
Ecosystems Development Modelling, Section 8) and the underlying data basis 
(Biosphere Data Basis, Section 21.1). In this section, also the KQA of the related 
surface and near-surface hydrological modelling (SHYD) is briefly evaluated as an 
integral companion of the TESM.  

Generally, a credible set of projections of the future ecosystems at the Olkiluoto site and 
how humans may use the area for agricultural purposes has been produced. The SHYD 
modelling gives realistic results on the release paths in the overburden and on the water 
balance of biosphere objects in the TESM projections propagated to the hydrological 
modelling. 
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Main applied data 
The key data applied in the TESM modelling comprise various data sets, including 
(Biosphere Data Basis): 

 topographical and bathymetric data (digital terrain model), 

 land uplift model parameters, 

 present top soil and sediment types and their thicknesses,  

 hydraulic properties of soil and sediment types, 

 climatic data (especially sea level, precipitation and temperature; either based on 
observations or produced via climate modelling), 

 runoff formation and discharge of the rivers draining at present to the eastern end 
of the model area (the Eurajoki and Lapinjoki Rivers), 

 accumulation and decay rates of organic matter in the catotelm of peat bogs, 

 threshold height of the groundwater table supporting peat-forming vegetation 
(location of peat bogs), 

 accumulation rate of gyttja in reed beds, 

 calibration dataset on reed bed extent,  

 cropland suitability and allocation factors (derived from the present regional 
setting where possible),  

 a wealth of groundwater table observations, water flux measurements etc. used in 
the calibration of the SHYD model, and 

 identification criteria for the biotopes and dimensions of the overburden 
compartments common to all the assessment modelling. 

For nearly all the data, information is available from the site or from the Reference area. 
The largest data gaps in the TESM modelling are that: 

 the spatial distribution of dating information on past sea levels around the 
Olkiluoto site is irregular, and 

 data on gyttja accumulation are determined indirectly from a single formation (the 
Olkiluodonjärvi mire at the site). 

The Olkiluoto site scale surface hydrological model (SHYD) was calibrated and 
validated in the present day conditions using the input data provided by the Olkiluoto 
Monitoring Programme (Vaittinen et al. 2008, 2009, 2010, 2011a and 2012 and 
Haapanen 2008, 2009, 2010, 2011 and 2012).  The monitoring results can be divided 
into two parts: 1) data needed for monitoring the state of the environment during the 
construction work and 2) the data collected as input for biosphere modelling for long-
term safety purposes. Naturally, these data partly overlap and both data sets are used in 
the SHYD model for model calibration and validation. 

During the next 10 000 years the terrain and ecosystem development is to a large extent 
driven by the postglacial crustal uplift. All the spatial and temporal input data 
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(excluding meteorological data) needed in the surface hydrological modelling were 
provided by the UNTAMO toolbox. The specific outputs given by UNTAMO toolbox 
are time-dependent evolution of the biosphere objects.  

Main assumptions 
The main assumptions in the input data to the TESM modelling are listed in Table 8-2 
of Terrain and Ecosystems Development Modelling. About one third of the main 
assumptions were classified to be within the range of possibilities, but without the 
possibility to currently evaluate their likelihood. Another third of the main assumptions 
were related to conceptualisations that correspond to the likely or expected 
characteristics and development paths, and almost all the rest were stylised 
conceptualisations of the properties and behaviour of the system, such as assuming a 
constant accumulation rate of gyttja. Some of these assumptions in the input data arise 
from the characteristics of the model that they are used in. 

Assumptions made within the TESM modelling as a whole are, naturally, numerous, but 
considering their impacts on the radionuclide transport modelling and dose assessment, 
the central assumptions made are that: 

 the future land uplift follows the arctangent functions fitted to the observations of 
past development (the model of Påsse 2001), 

 dimensions of river channels are based on hydraulic radius (cross-section area) 
where the width of the channel is related to the discharge and the depth is 
calculated, 

 sedimentation and erosion in water bodies has not been considered by default, 
except for gyttja accumulation under reed beds (see below), and in some 
calculation cases a model having only the basin volume controlling the overall 
sedimentation rate has been employed (a more suitable model based on estimating 
the physical exposure on the bottom has been developed but not yet qualified for 
the assessment use), 

 erosion on land has been assumed insignificantly small (not included in the model 
except in one calculation case), 

 peat formations are raised bogs with a size determined by the balance between 
peat production and decay and by a hydraulic constraint on lateral expansion, 

 peat bog locations are based on the estimated groundwater table being close 
enough to the surface, 

 formation of reed vegetation is constrained by physical exposure, water depth and 
magnitude of underwater currents; bottom type is ignored, and same parameters 
are used for both sea and lakes, 

 accumulation of gyttja occurs only under reed beds and with constant 
accumulation rate, 

 location of croplands is based on a fraction of total land area to be allocated for 
cultivation of each crop type (derived from regional data) and on the suitability of 
the locations based on a classification taking into account the topsoil type, the 
terrain slope and the slope aspect towards the sun, and 
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 the closest adequate freshwater source is used for irrigation, and for most crops 
the distance of irrigation water transport is limited (the exceptions being 
vegetables and cultivated berries and fruits, which are irrigated irrespective of the 
transport distance, and pastures, which are not irrigated at all). 

All the main assumptions listed above are related either to availability of data or to 
computational limitations (several modules need to be run iteratively for a large 
modelling area over the 10 000-year assessment time window for each case), or both. 
However, the modelling as a whole is reasonably realistic and produces plausible results 
in comparison with similar ecosystems at present.  

The primary goal of the hydrological model was to compute vertical and horizontal 
water fluxes in the biosphere objects. In the hydrological modelling it was assumed that 
vertical fluxes can be computed as area-averaged values from all 10x10 m2 pixels 
inside the delineated biosphere objects and horizontal fluxes can be computed by 
summing the horizontal inflows and outflows through the object boundaries. Vertical 
fluxes were aggregated to correspond the storages of the conceptualised radionuclide 
transport model. The method adopted here is based on calculating average vertical and 
horizontal fluxes for biosphere objects from the results of the full 3D-model, i.e. it was 
not necessary to develop any simplified hydrological model for the biosphere objects.    

In site scale model the bedrock is computed at the same time with the overburden but in 
regional scale model it was assumed that bedrock fluxes can be computed in two steps. 
In the first step of the analysis steady-state recharge/discharge to/from bedrock was 
computed for all computational pixels and these results were stored as raster files and 
used as the lower boundary condition of the regional scale model in the second step.  
The accuracy of this simplification is discussed in Surface and Near-Surface 
Hydrological Modelling.   

Main uncertainties 
The main uncertainties in the input data to the terrain and ecosystems development 
modelling are discussed in Terrain and Ecosystems Development Modelling, 
Section 8.2. The topographical model has been made statistical, i.e. for all points also an 
uncertainty estimate is given (5th and 95th percentiles), and also for the land uplift model 
input data have been derived statistically in one of the datasets in which also sea-level 
constraints from dated archaeological finds are utilised. However, connecting these 
uncertainties to the uncertainties in the end product is a complicated area being 
developed in a Ph.D. thesis project. Also, further development of the topographical, 
overburden and land uplift models themselves has been planned. 

Also sedimentation into lakes is a potentially major uncertainty, but development of a 
physically based model sufficiently taking into account expected differences in the 
sedimentary conditions and in the supply of material within the model area is still under 
development, due to a number of details warranting development of deeper insight prior 
to qualifying the model for assessment use. The possible impact of sedimentation also 
in deeper areas of the lakes, in addition to the accumulation under reed beds applied as 
default, has been included in several TESM calculation cases and also in another of the 
cases propagated to the full assessment by using a stylised model. 
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The main uncertainties of the end products created in the modelling process are related 
to the uncertainties of the input data and the uncertainties in the model, illustrated by the 
list of main assumptions (see above). 

According to the uncertainty and sensitivity analysis carried out in Surface and Near-
Surface Hydrological Modelling the most important input data that have effect on 
vertical and horizontal water fluxes in biosphere objects are climate scenario, drainage 
density, soil hydraulic properties and interception and transpiration parameters.   

The uncertainty involved in predicting the yearly precipitation rate, which is depending 
on the climate scenario assumptions, for the period of next 10 000 years is the input data 
that has the biggest influence on vertical and horizontal fluxes in the biosphere objects 
during the safety assessment period. Increase in precipitation increases throughfall and 
horizontal fluxes and also vertical fluxes especially in the uppermost layers of the soil 
profile.  

In forested areas, the drainage density and horizontal hydraulic conductivity affects the 
average horizontal outflow from biosphere objects. Interception and transpiration have 
been measured on the Olkiluoto Island. Therefore, the uncertainty in the parameters 
related to interception and transpiration is much smaller than uncertainty included in the 
three other input data. 

Sensitivity assessment and data quality 
As projecting the development of the terrain and ecosystems in a rather large modelling 
area is a wide and also computationally demanding task, no systematic sensitivity or 
uncertainty assessment has been performed on this part of the biosphere assessment. 
However, it can be deduced that the factors affecting most the radionuclide transport 
modelling and the dose assessment are dominated by the uncertainties in the topography 
and in the land uplift model (also, see above): the highest doses arise from food 
produced in terrestrial objects and thus whether a specific spot in the model will be 
terrestrial or aquatic affects the higher end of the dose distribution, and this is further 
regulated by the topography and in respect to the timing of the landscape evolution by 
the land uplift18. As outlined above, a Ph.D. thesis project is ongoing and the interim 
results, as yet mostly unpublished, have been used already in the present assessment. 

Overall consistency 
The terrain and ecosystems development modelling (TESM) with the present version of 
the UNTAMO toolbox produces similar results to earlier TESM campaigns (Terrain 
and Ecosystems Development Modelling, Chapter 2) being also similar to related 
approaches (Mäkiaho 2005, Rautio et al. 2005, Ojala et al. 2006) even though the input 
data and models have been greatly improved recently. It can be argued that, as a whole, 
the main aspects of development of the surface environment at the Olkiluoto site are 
well known and the biotopes and their key properties have been identified (Biosphere 
Description, Chapter 2; Biosphere Data Basis, Chapter 3). The conceptual picture of 

                                                 

18 The land uplift may also affect the water levels in lakes and at the coastline as well as the location of streams (rivers) as the 
spatially distributed rate results in crustal tilting. So far in the simulations, these effects have been found to be minor. 
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retreating sea, enlarging present islands, continuation of the main rivers and appearance 
of lakes around the site has remained the same.  

The surface and near-surface hydrological model has been verified against analytical 
solutions where possible and its results have been compared with independent 
monitoring data from the site (Karvonen 2008, 2009a-c, 2011). The model results agree 
well with the site observations. 

8.3 Knowledge quality in the radiation exposure estimates 

This section briefly summarises the KQA of the landscape modelling and the 
assessments of doses to humans (details in Biosphere Radionuclide Transport and Dose 
Assessment) and to plants and animals (details in Dose Assessment for Plants and 
Animals). Furthermore, the underlying data basis (Biosphere Data Basis, Sections 15 
to 20) is addressed. 

8.3.1 Landscape modelling 

The KQA has been performed on the two distinctive parts of landscape modelling: a) 
the generic structure of a biosphere object and its associated deterministic radionuclide 
transport compartment model, and b) the landscape model set-up; these are treated 
separately below.  

Structure of biosphere objects 
As discussed in Section 5.5, each biosphere object comprises one, or a few, connected, 
multi-compartment models, which in mathematical terms are systems of ordinary 
differential equations. This section addresses the information in the generic structure of 
biosphere objects (Figure 5-7), i.e. the information that is independent of where in the 
modelled area the biosphere object is located. 

Main applied data 
The biosphere objects, at a generic level, include many parameters and utilise many data 
sets; the main data applied are as follows:  

 Parameters values related to the geological cycle, such as distribution coefficients 
and carbon concentrations in the overburden, and sedimentation and resuspension 
rates (Biosphere Data Basis, Chapter 15). 

 Parameter values related to the biological components of the object, such as 
standing biomass, annual biomass production and loss rates, net primary 
production, carbon concentrations in vegetation, concentration ratios from soil to 
terrestrial plants, and concentration ratios from water to aquatic plants (Biosphere 
Data Basis, Chapter 17). 

 Parameter values related to radionuclide transport in water bodies, such as 
suspended solids concentration and amount of dissolved inorganic carbon (DIC) 
in lakes, rivers and the sea, and distribution coefficients to suspended solids 
(Biosphere Data Basis, Chapter 16). 

 Parameter values related to human habits, especially related to irrigation practices, 
such as preferences on sources to use for irrigation water (Biosphere Data Basis, 
Chapter 18). 
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Main assumptions 
Key assumptions underpinning the basic biosphere objects (see Figure 5-7, left) and the 
associated radionuclide transport compartment models are as follows. 

 Each compartment is assumed to be a homogenous entity. This means that 
radionuclides entering a compartment are treated as being fully and 
instantaneously mixed within the compartment. This is a standard approach in the 
modelling of the transport and fate of radionuclides in the environment). 

 The geosphere releases are, in the base scenario, directed into the nearest 
compartment immediately overlying the bedrock, hence into the deep overburden. 
The impact of this assumption is assessed in a variant scenario (Section 6.3.5). 

 C-14 released from the geosphere is fully mixed with stable carbon; the excess C-
14/C-12 ratio is not affected by C-14 other than that released from the repository. 

 C-14 in the release is readily transformed into bioavailable forms by microbial 
activity (Avila & Pröhl 2008). 

Key assumptions underpinning the super-objects (see Figure 5-7, right) are as follows. 

 Both terrestrial ecosystem types (forest and cropland) but only one aquatic 
ecosystem type (lake, river, coast or sea) may exist in a super-object at a specific 
time-step. 

 Within a super-object basic biosphere objects are connected according to Figure 
5-7. The arrows in the figure represent the main discharge paths between the 
possible ecosystem types, following the direction of the groundwater flow. If, at 
a given time, any one of the ecosystem types does not exist, the figure is 
interpreted as implying that the flux of nuclides enters the next ecosystem object 
(or exits the super-object). 

 In the case where a super-object contains both an open-water, and a reed-
covered aquatic object, this is implemented as two separate aquatic biosphere 
objects having a rapid water exchange between them. The downstream flux of 
radionuclides is from the open-water part as long as this part exists, and 
otherwise from the reed-part. If no aquatic object exists at a given time-point, 
the flux out of the super-object follow the order given in Figure 5-7. 

Main uncertainties 
Solving transport modelling problems with compartment modelling is a common 
approach and is not associated with any great uncertainties. The largest uncertainties 
arise from either the conceptual model or the parameter values that aggregate a number 
of real-life processes into simplistic transfer factors necessitated by the computational 
demands.  

Landscape model set-up 
The delineation of the biosphere objects (Section 5.2) is used to create a landscape 
model. This section addresses the process of creating the landscape model from the 
delineation and the generic biosphere objects, and how the landscape model develops 
with time, i.e. it addresses the information that is dependent on where in the modelled 
area the biosphere object is located. 
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Main applied data 
The data sets applied in the landscape model set-up are mainly the results from other 
modelling activities in the safety assessment, mainly the groundwater flow and 
radionuclide transport modelling in the geosphere, the terrain and ecosystems 
development modelling and the surface and near-surface hydrological modelling. The 
main parameter values originating from the TESM modelling are the following. 

 The radionuclide release rates from the geosphere and their discharge locations to 
the surface environment (from Assessment of Radionuclide Release Scenarios for 
the Repository System). 

 The biotope(s) each biosphere object comprises and the biotope development with 
time. 

 Geometrical properties, such as the area of each biotope in the biosphere objects 
and the thicknesses of the compartments.  

 Water mixing and shared water bodies (see section 5.5). 

 Irrigation sources, i.e. from which freshwater biosphere object the irrigation water 
is assumed to be drawn for each irrigated cropland objects at a given time-step. 

The main parameter values originating from the SHYD modelling are the following. 

 Vertical water fluxes between the compartments within the biosphere objects. 

 Horizontal water fluxes between the biosphere objects. 

 Locations of shallow wells and horizontal water fluxes into the wells. 

Main assumptions  
The main assumptions made in the landscape model set-up are as follows. 

 If a biosphere object that receives direct releases from the geosphere consists of 
both aquatic and terrestrial ecosystem types, the releases are assumed to the 
aquatic ecosystem. 

 The inheritance of activity inventory from one shrinking basic biosphere object to 
another one is the areal rate of change divided by the area of the shrinking object. 

 The lateral flux of radionuclides (C-14) from the air (canopy) compartment is 
considered as a loss from the modelled system, and is not assumed to follow any 
specific direction. 

Main uncertainties 
The outcome of the present assessment indicates that the main uncertainty related to the 
landscape model set-up is associated with the discharge locations to the surface 
environment. This issue was already recognized in BSA-2009 (Hjerpe et al 2010, 
Section, 9.3.2) and the interfacing between the geosphere and biosphere modelling has 
been strengthened in the present assessment to better assess the impact of this 
uncertainty. This will be further addressed in the subsequent assessment.  
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8.3.2 Radiological impact analysis 
The KQA of the radiological impact analysis, focusing on deriving the dose quantities, 
has been performed for humans and for plants and animals; these are treated separately 
below. 

Doses to humans 
The knowledge quality underpinning the radiological impact analysis for humans is 
generally good. The main areas where the knowledge quality may be improved are to 
further strengthen the data basis underpinning the productivities of edibles and 
concentration ratios, and increase the comprehensiveness in the assumptions on 
exposure characteristics (such as widening the range of land use scenarios and assessing 
the level of conservatism in the selected approach by testing assumptions with a higher 
degree of realism). 

Main applied data 
The main data sets used, and their sources, when assessing doses to humans are: 

 time-dependent properties of each biosphere object in the landscape model, 
especially important are the biotope types and their geometries; this information is  
provided by the TESM modelling; 

 time-dependent radionuclide-specific concentrations in the environmental 
media in each biosphere object; this information is  provided by as outcome of the 
LSM modelling; 

 site-specific and biotope-specific values for productivities of edibles; values are 
delivered by the biosphere description sub-process (Biosphere Data Basis, 
Chapter 19); 

 site-specific and biotope-specific values for aggregated concentration ratios; 
values are delivered by the biosphere description sub-process (Biosphere Data 
Basis, Chapter 19);  

 food and water intake rates, based on ICRP Reference Man (ICRP 1975, 2002); 

 dose coefficients for ingestion and inhalation (values recommended by ICRP 
(2006) for adults and dose coefficients for external radiation from radionuclides 
uniformly distributed to an infinite depth in soil or sediment (from Table III.7 in 
EPA 1993). 

Main assumptions 
The main assumptions when assessing doses to humans are: 

 present-day human habits remain unchanged over the next ten millennia; 

 exposure pathways other than ingestion of food from aquatic, terrestrial and 
agricultural ecosystems, ingestion of drinking water from freshwater surface 
waters and wells, inhalation of contaminated air and external exposure from 
ground are of minor importance; 

 each person in the exposed population consumes, as far as possible, only food and 
water that originate from contaminated areas; 
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 all (contaminated) edibles possibly produced from the different ecosystems at the 
site are consumed by humans, and that humans have no preferences regarding the 
mix of foods consumed; 

 the exposed population consists of adult men with average intake rates of food 
and water; 

 the annual landscape dose is the sum of dose maxima from each exposure 
pathway; and 

 the most exposed group is selected to consist of the 20 persons receiving the 
highest exposure, the group of ‘other people’ are the rest of the exposed 
population. 

Main uncertainties 
The overall uncertainty in the estimates of annual doses is mainly due to the 
uncertainties introduced in the selection of discharge locations to the surface 
environment (outcome of the bedrock groundwater flow modelling) and in the derived 
radioactivity concentrations in the environmental media (outcome of the LSM 
modelling). However, the radiological consequences analysis itself naturally also 
introduces uncertainties, but these are likely to have lesser impact on the final results 
than the uncertainties in the input information. 

Sensitivity assessment and data quality 
A limited sensitivity assessment has been conducted regarding the applied dose 
assessment process. The impact on the doses due to assumptions on the exposure 
characteristics has been assessed, mainly by analysing a range of dietary profiles. A few 
cases have also been analysed addressing humans habits, mainly the use of wells and 
assumptions underpinning the agriculture practices. In order to increase the 
comprehensiveness of the assessment, the sensitivity of the derived doses due to 
variations in human habits should be explored further. It would also be advantageous to 
assess the level of conservatism in the selected dose assessment approach by deriving 
doses using assumptions with higher a degree of realism. 

The quality of the applied data is generally high. Exposure parameters are based on 
high-quality data from ICRP and EPA, and the important geometrical properties of the 
landscape model are derived from credible projections in the surface environment 
development sub-process. The main parameters identified for which there is a need to 
strengthen the data basis, and thus the quality, are productivities of edibles and 
aggregated concentration ratios. 

Overall consistency 
The dose assessment process applied is based on the approach used in the Biosphere 
assessment BSA-2009 (Hjerpe et al. 2010) and in the KBS-3H analysis (Broed et 
al. 2008). In the present assessment, the process has been refined to be fully consistent 
with the regulatory requirements, such as by adding the exposure pathways of ingestion 
of drinking water from shallow wells and ingestion of products from animal husbandry.  
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Doses to plants and animals 
Overall, data underpinning the dose assessment for plants and animals are good 
although significant data gaps are evident in relation to required concentration ratios. 
Strengthening the data base of concentration ratios, particularly for terrestrial 
representative organisms would therefore improve the overall knowledge quality of the 
assessment. 

Main applied data 
Many of the main data sets, and their source, used in evaluating dose to plants and 
animals are consistent with human dose assessment. The time-dependent properties of 
each biosphere and time-dependent radionuclide-specific concentrations in the 
environmental media are all consistent. Independent data are nonetheless required. 
These include: 

 Organism-specific values for geometry and mass of average individuals; values 
are based on data from site-surveys and expert opinion of local ecology experts 
(Biosphere Data Basis, Chapter 20); 

 Site-specific values for the occupancy of representative organisms within and 
between different biotopes; values are based on expert opinion of local ecology 
experts (Biosphere Data Basis, Chapter 20); 

 Site-specific values for the occupancy of representative organisms relative to 
environmental media (soil, sediment, water and air) in different biotopes; values 
are  based on expert opinion of local ecology experts (Biosphere Data Basis, 
Chapter 20); and 

Concentration ratios for each representative organism within broad ecosystem types; 
values are delivered by the biosphere description sub-process (Biosphere Data Basis, 
Chapter 20). 

Main assumptions 
The main assumptions when assessing doses to plants and animals are: 

 present-day species remain representative of those likely to be present over the 
next ten millennia and habits remain unchanged in relation to biotope and habitat 
occupancies; 

 representative organisms can be represented, for the purposes of dose assessment, 
by a simplified ellipsoid geometry; 

 the adult life stage provides appropriate species representation where no distinct 
differences in ecology/behaviour for juveniles; 

 uptake of radionuclides from biotopes in which feeding can occur for any 
representative organism is directly proportional to relative occupancy within 
biotopes such that no preferred feeding habitats are allowed for;  

 animals with a small spatial range (excluding semi-aquatic species) can be 
assumed to occupy a single biotope; 

 all terrestrial plants occupy the soil surface and aquatic plants either the water 
column or sediment surface and in soil/sediment occupancy of roots is excluded 
and for terrestrial animals with mass in excess of 6 kg are occupants of the above 
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soil compartment (due to limitations in dose assessment methodology for larger 
animals);  

 activity concentrations averaged across environmental media within a model 
compartment are representative of the exposure of a population inhabiting that 
model area; 

 uptake of radionuclides by different species is broadly linked to diet (omnivory, 
carnivory etc.); and,  

 landscape evolution over the next ten millennia results in similar soil conditions to 
present day such that site-specific concentration ratios remain applicable over the 
long-term. 

Main uncertainties 
As for the human dose assessment, the overall uncertainty in the estimates of dose rates 
to representative organisms is mainly due to the uncertainties introduced in the selection 
of discharge locations to the surface environment (outcome of the bedrock groundwater 
flow modelling) and in the derived radioactivity concentrations in the environmental 
media (outcome of the landscape modelling). However, there are additional 
uncertainties relating to the choice of concentration ratios to represent radionuclide 
uptake by representative species where site data are lacking. Concentration ratios can 
vary widely, potentially up to three or four orders of magnitude, and there may therefore 
be considerable uncertainty associated with internal dose rates for representative 
organisms, particularly where analogue approaches have been required to address 
concentration ratio data gaps. 

Sensitivity assessment and data quality 
A limited sensitivity assessment has been conducted to evaluate the impact on dose 
rates due to assumptions around animal biotope occupancy, allowing maximal dose 
rates to be evaluated assuming occupancy in the most limiting biotope occupied. The 
choice of representative organisms and use of multiple exemplars has also allowed the 
sensitivity of dose rate to variations in organism size and habitat occupancy to be 
evaluated. However, in order to increase the comprehensiveness of the assessment, the 
sensitivity of the derived dose rates due to variations in concentration ratios should be 
explored for those few organisms for which multiple data are available.  

The quality of the applied data is generally good although there are acknowledged 
limitations in relation to concentration ratios due to limited availability of site-specific 
data and data from wider resources for the range of representative species and 
radionuclides of interest. Concentration ratio is thus the main parameter for which there 
is a need to strengthen the data basis. 

Overall consistency 
The dose assessment process applied is based on the approach used in the Biosphere 
assessment BSA-2009 (Hjerpe et al. 2010). The assessment has been refined to be fully 
consistent with the regulatory requirements – to evaluate typical radiation exposures of 
terrestrial and aquatic populations in the disposal site environment, assuming the 
present kind of living populations – and to make maximum use of site data for 
representative species.  



224 
 

 

 
 



225 
 

9 OVERALL FINDINGS AND CONCLUSIONS 

This biosphere assessment, BSA-2012, has described the future, present, and relevant 
past conditions at, and prevailing processes in, the surface environment at the Olkiluoto 
site. The transport and fate of radionuclides calculated to enter the surface environment 
as a result of releases from the repository through the geosphere have been analysed, 
and possible annual doses to humans and absorbed dose rates to plants and animals 
arising from those releases of radionuclides have been calculated.  

The overall findings and conclusions of the biosphere assessment are summarised in the 
following sections. Section 9.1 provides a brief summary of the results from the dose 
assessment and puts them into perspective of the radiation protection criteria set out in 
the regulations (section 1.4). Section 9.2 discusses the link between the biosphere 
assessment and the assessment of radionuclide release scenarios for the repository 
system. Section 9.3 discusses the development and resolved issues since the previous 
biosphere assessment, BSA-2009, and Section 9.4 gives input that the present biosphere 
assessment has provided to Posiva’s RTD programme. Finally, the main conclusions 
drawn from the biosphere assessment are set out in Section 9.5. 

9.1 Radiological impact 

A set of biosphere calculation cases has been analysed for scenarios taking into account 
uncertainties in the radionuclide release discharge locations to the surface environment, 
the development of the surface environment, the radionuclide transport in the surface 
environment and in the exposure characteristics affecting the dose calculations.  

Annual doses to representative persons both within the most exposed group and among 
other people have been calculated. The results show that the derived annual doses are 
orders of magnitude below the regulatory constraints specified in the regulatory STUK 
Guide YVL D.5. Figures 9-1 and 9-2 show the annual dose maxima, and timing of the 
maxima, to a representative person within the most exposed group and a representative 
person among other people for the biosphere calculation cases presented in this report.  

Absorbed dose rates (typical dose rates) for a set of representative plants and animals 
have been calculated and the results show that exposures remain clearly below the most 
stringent of the screening or reference values proposed by Andersson et al. (2008) and 
ICRP (2008). The greatest dose rates were calculated for the what-if case 
DS(D)-HABITAT, which assumes that plants and animals have restricted occupancy 
within the most contaminated biotopes. The assumption is highly conservative, 
particularly in terms of population exposure such that spatial requirements are not 
allowed for and co-location of biosphere objects is neglected for transient species. It is 
the view of Posiva that the results show that the releases from the repository considered 
in this report would not cause a decline in biodiversity or other significant detriment to 
populations of plants or animal, on the basis of the best available scientific knowledge. 
Figure 9-3 shows the absorbed dose rate maxima, and timing of the maxima, in each 
biosphere calculation case presented in this report. 
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Figure 9-1. The annual dose maxima to a representative person within the most 
exposed group (Emost_exp) for each calculation case included in the biosphere assessment 
BSA-2012.  

 
Figure 9-2. The annual dose maxima to a representative person among other people 
(Eother) for each calculation case included in the biosphere assessment BSA-2012. 
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Figure 9-3. The absorbed dose rate maxima to the most exposed representative species 
for each calculation case included in the biosphere assessment BSA-2012. 

 
9.2 Link to the assessment of radionuclide release scenarios for the 

repository system 

The safety indicators calculated in this TURVA-2012 safety case comprise annual doses 
to representative persons within the most exposed group and among other exposed 
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fluxes out of the geosphere (geo-bio fluxes). The dose endpoints are considered in this 
report and the geo-bio fluxes are the main endpoint evaluated in Assessment of 
Radionuclide Release Scenarios for the Repository System. As discussed in 
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surface environment within the dose assessment time window occur in the repository 
Reference Case, in some sensitivity cases for the base and variant scenarios in the 
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scenarios (AIC-LI). Dose assessment has been carried out for these calculation cases 
and the results are presented in this report. 
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All parts of the biosphere assessment process have developed and matured since the 
previous biosphere assessment BSA-2009 (e.g., Hjerpe et al. 2010). Below, a few issues 
are high-lighted where the development has been especially significant. 
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Formulation of scenarios and calculation cases 
The approach to formulating dose assessment scenarios and deriving biosphere 
calculation cases presented in Hjerpe et al. (2010) has been further developed and has 
successfully been applied in the present assessment. Although the methodology to 
formulate scenarios and identify calculation cases is considered to have reached a 
mature stage, there is still work needed in order to reach a comprehensive level of 
scenario analysis (see Section 9.4). 

Assessing doses to humans 
The approach to assessing annual doses to representative persons within the most 
exposed group and among other exposed people has been continuously developed for 
several years and has now reached a mature stage. It is considered that the approach to 
calculating annual doses now fulfils all aspects required to enable assessment of 
compliance with the long-term safety radiation dose constraints set out in the 
regulations. Especially, for the present assessment, the potential exposure pathways 
have been completed by adding the use of contaminated products from animal 
husbandry and the use of contaminated household water originating from shallow wells. 

Assessing doses to other biota 
In the present assessment, typical absorbed dose rates to a set of representative species 
of plants and animals currently present at, or near, the site have been calculated. The 
developed approach is as mature as it can be considering how doses assessments for 
plants and animals are conducted internationally.  

9.4 Feedback to Posiva’s RTD programme 

This section summarises main aspects of the on-going work and identifies issues that 
provide input to the RTD programme at Posiva regarding the biosphere assessment. 

Transparency, traceability and robustness 
This is an issue in constant development where it is most likely that there will always be 
something that may be further improved. In the biosphere assessment BSA-2009 it was 
stated that the redundancy in the biosphere modelling capability should be strengthened 
(Hjerpe et al. 2010. p 173). The primary focus was to be on building an additional 
capability to perform radionuclide transport modelling as a complement to the 
modelling tool used. This work has partly been done by implementing the generic 
models for the basic biosphere objects in an alternative modelling tool – Ecolego19 
(Avila et al. 2003). This is an important step and has added confidence in the outcome 
of landscape modelling done in the more tailored environment, Pandora (Biosphere 
Radionuclide Transport and Dose Assessment), by performing verifying calculations. 
The next step is to extend the additional modelling capability to the landscape model 
level. How to resolve this will be a topic with a high priority for the future. 

Formulation of scenarios and calculation cases 
The time frame given for conduct the present biosphere assessment was about three 
years. The time it takes to analyse one scenario throughout the whole biosphere 
modelling chain is roughly one year. However, analysing scenarios is not a serial 
                                                 

19 http://www.ecolego.facilia.se 
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process and indeed it does not take twice the time to analyse two scenarios. 
Nevertheless, the manual and computational time required for analysing a scenario is 
long and a time frame of three years is not reasonable in order to obtain 
comprehensiveness in respect of the scenario analysis. With the biosphere assessment 
approach and modelling chain applied in the present assessment, a one to two year 
longer time frame would have been needed for the modelling alone. A topic for further 
development is to shorten the time required for analysing a scenario. This may be 
achieved by further automating interfaces in the modelling chain currently demanding 
the most manual work. Another possible issue to investigate is how to optimise the 
complexity of the landscape models in respect of their intended use.    

Conceptual modelling and assessment data basis 
In addition to the descriptions of the lines of development of the surface environment, 
site-specific models of storages and fluxes of the key elements (~nuclides) have also 
been established in the Biosphere description. However, some data gaps exist, 
especially regarding river ecosystems and more generally the data on the distribution of 
the key elements in the different biotopes, and this is reflected also in the input data to 
the assessment models. In addition, available data regarding site-specific sorption 
properties are scarce; the sorption experiments (mainly aimed at deepening the 
understanding of the factors affecting the sorption processes) will continue but also in 
situ data are needed to ensure adequate coverage of overburden types, variability within 
them and different environmental conditions. All these needs have readily been taken 
into account in the revision of the Olkiluoto monitoring programme (POSIVA 2012-01) 
and will be considered in more detail while compiling a detailed biosphere 
characterisation and assessment programme for the next few years (Posiva 2012 p. 246). 

Development in respect of the potential of degassing from soil and subsequent plant 
uptake of the gaseous forms of radionuclides other than C-14, which is addressed 
already in the present modelling, is also expected primarily through expanding the 
review of available literature. 

Release locations 
The results in the present analysis show that the uncertainties in the discharge locations 
to the surface environment have a significant impact on the estimates of radiation 
exposure (see for example Figures 9-1 to 9-3).  To manage this uncertainty, the present 
assessment has used a cautious approach when choosing the location for the single 
defective canister and the associated radionuclide migration pathways to the surface 
environment (details in Assessment of the Repository System Radionuclide Release 
Scenarios, section 6.2). It is recognized that there is a need to develop this further in 
collaboration with the geosphere modelling (Posiva 2012 p. 252). The modelling of 
release and migration pathways through the bedrock will be revised with the objective 
of obtaining a more accurate picture of the dispersion of release routes from different 
deposition holes and also from individual deposition holes for the purpose of supporting 
the selection of representative release pathways for the safety assessment. Since the 
release pathways from all deposition holes cannot be processed at the same time due to 
the computational restrictions in the models, a screening model will be developed for 
assessing the dose effects of different discharge points more accurately. Here, the route 
dispersion, the migration times, the retention of typical radionuclides or radionuclides 



230 
 

already selected for a specific case, as well as the most significant factors in the surface 
environment affecting the radiological impact, will be taken into account. 

This task links to the efforts to improve the overburden model at potential release 
locations; it is not within reasonable resources to add the required details for the whole 
site but this would be more realistic for limited areas. 

9.5 Conclusions 

The conclusions drawn from the biosphere assessment BSA-2012 are synthesised as 
follows. 

Understanding of the surface environment 
Posiva has a good understanding of the surface environment at the Olkiluoto site, how it 
may evolve during the first several millennia after closure of the repository, and how 
repository derived radionuclides may migrate and accumulate in it. Also, credible 
projections of land use by humans have been established, and a comprehensive 
methodology has been established to identify representative flora and fauna and their 
habitats and community structure for the dose assessment. Compared with earlier 
assessments, more site-specific data and longer time series have become available, and 
better interdisciplinary understanding has been established. Specifically, information in 
sectors such as agriculture and freshwater bodies has improved. 

Formulation of surface environment scenarios 
It is the view of Posiva that the present analysis cover the most important credible lines 
of evolution and that the set of scenarios is sufficiently comprehensive to support an 
application for construction. However, the identified set of surface environment 
scenarios is not yet as thoroughly scrutinised for comprehensiveness as the repository 
system scenarios are. This work is in progress and will further mature during the next 
iteration of the safety case. 

Projections of the development of the surface environment 
A number of terrain and ecosystem projections have been simulated that produce, in 
general, rather similar results across the variety of calculation cases. The most 
significant drivers of surface environment development are land uplift and sea--level 
changes, especially the rate of the coastline retreat and formation of terrestrial and 
freshwater areas, and whether croplands are assumed to exist in the scenario 
specifications. Even though only two simulation cases were propagated to the further 
modelling, the other cases are covered by these two or it is reasoned that they would not 
be of higher interest in the dose assessment; for example, a higher sea level would result 
in greater mixing in the sea and thus lower concentrations and doses, or if there is no 
cultivation of crops, contamination of wider areas through irrigation and the major 
exposure pathways to humans would be lacking. However, regarding the exposure of 
plants and animals, further work on scenario formulation, as outlined above, is required 
to better ensure the cautiousness of the ensemble of calculation cases in the dose 
assessment. 
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Radiation exposure estimates 
The models used in the landscape modelling have been improved and are considered to 
be fit for the purpose of the biosphere assessment. The generic compartment structure of 
the biosphere objects is now the same for all aquatic and terrestrial biotopes and the 
delineation of biosphere objects is made so that the areas change only inside the super 
objects. The landscape modelling has also been improved by applying data sets with 
higher quality; more site-specific data have been used and some site data now rely on 
longer time series. Furthermore, the information regarding agriculture and freshwater 
bodies is greatly improved. However, there remain further data to be gained for a 
mature and even more balanced assessment, cf. section 9.4. 

The annual doses to humans derived in the assessment are considered to be suitable for 
assessing compliance with the regulatory dose constraints. The absorbed dose rates 
derived in the assessment for a set of representative species are considered to be suitable 
to compare with internationally recommended screening or reference values in order to 
assess compliance with the regulatory requirements on biota other than humans. 

Annual dose maxima to humans in all calculation cases for the base scenario and variant 
scenarios are below the regulatory dose constraints, generally by more than two orders 
of magnitude. Absorbed dose rate maxima to a set of representative plants and animals 
remain clearly below internationally recommended screening and reference values in all 
calculation cases for the base scenario, variant scenarios and disturbance scenarios. It is 
the view of Posiva that the results show compliance with the regulatory requirements. 

Quality control and assurance 
Quality control and assurance measures have been adopted to ensure transparency and 
traceability of the calculations performed and hence to promote confidence in the 
analysis of the calculation cases. 
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