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Introduction
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Nuclear power plants in Finland

LoviisaOlkiluoto
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Owner: Teollisuuden Voima Oyj
Type: BWR
Capacity: 2 x 860 MWe
Commercial operation: 1979 & 1982
Type: PWR 1x1600 MWe
Under construction

Owner: Fortum Power and Heat Oy
Type: PWR
Capacity 2 x 488 MWe
Commercial operation: 1977 & 1981



Organising of nuclear waste management

SUPERVISION

Radiation and Nuclear Safety 

TEOLLISUUDEN VOIMA OYJ FORTUM POWER AND HEAT OY

LICENCES

Government

Ministry of Employment
and the Economy
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Radiation and Nuclear Safety 
Authority (STUK)

POSIVA OY

Consultants, Contractors,
Universities, Research Institutes

MANAGEMENT OF 
FUNDING

The State Nuclear Waste 
Management Fund

Ministry of Employment
and the Economy



Implementation of waste management

Interim storage
of spent nuclear fuel

Teollisuuden Voima Oyj Fortum Power and Heat Oy

Olkiluoto power plant Loviisa power plantInterim storage
of spent nuclear fuel
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Operating waste 
repository

Disposal of spent nuclear fuel

Posiva Oy

Operating waste 
repository



Nuclear waste management - background

� Studies on different options for spent fuel management were 
started already during 1970s by power companies

� First feasibility study on geological disposal of spent fuel in 1982
� Decision of Government in 1983 on long-term strategy for the 

nuclear waste management
� Primary option: Exporting spent fuel permanently abroad
� Secondary option: Geological research aiming at site selection in 2000 

and start of disposal in 2020and start of disposal in 2020
� Research into long-term safety and development of technical 

design started in 1983
� KBS concept developed by Swedish SKB selected as technical 

solution
� New Nuclear Energy Act 1988

� Government’s policy decision needed, safety authority and local 
community have right of veto in decision making process

� Amendment of Nuclear Energy Act in 1994
� Nuclear waste to be disposed of in Finland
� No export or import of nuclear wastes
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40 years’ effort

2012

2020 Start disposal of 
spent fuel

Construction of ONKALO and 
confirming investigations at 
Olkiluoto 

Construction of disposal facility

Application for 
construction licence

2018 Application for
operation licence

Test operation and commissioning
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1983

2001

Government’s decision on
objectives and time schedule

Site 
investigations 

Olkiluoto 

VLJ-repositories

Decision-in-Principle by 
Government and Parliament

1978 Start of feasibility studies for geologic disposal

KPA -Spent fuel storage

Site selection 



Disposal of spent fuel - Challenges
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Posiva concept for disposal of spent fuel

� Finnish legislation in practice stipulates a direct disposal of 
spent nuclear fuel.

� The basic principles for disposal were endorsed by the 
Government.
� The repository will be located in crystalline bedrock at Olkiluoto.
� The disposal will be based on the KBS-3 concept.
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� The site suitability shall be confirmed through underground 
characterisation of the intended host rock.
� An underground rock characterisation facility, ONKALO, is now 

under construction

� In parallel, progress is being made in the development of the 
technology needed for the implementation of the disposal.



Site selection
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Site selection research programme 1983 - 2000

Site Identification

1983 - 1985

Preliminary Site

Characterisation 1986 - 1992

Detailed Site

Characterisation 1993 - 2000
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More than 100 candidate sites 
were identified



� Long-term (millions of years) geological stability, in 
terms of major earth movement and deformation, 
faulting, seismicity and heat flow

� Small groundwater flux at repository depths
� Stable geochemical/hydrochemical conditions at depth 

(characterised by reducing environment and a relative 

Suitable geological environment for deep disposal
(required by safety concept and practical implementation)
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(characterised by reducing environment and a relative 
equilibrium between water and rock forming minerals)

� Good engineering properties which allow construction 
of the repository by normal working methods and safe 
operation of the repository

J Palmu



Outcome of site characterisation 
and evaluation
� Field investigation focused 

� Developing bedrock models (site descriptive model)
� Obtaining hydrological data
� Obtaining hydrogeochemical data
� Acquiring rock mechanical information

� Hydrological modelling and hydrogeochemical 
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� Hydrological modelling and hydrogeochemical 
modelling key areas in site evaluation
� Main purpose of the modelling was to answer question ”is the 

site good enough”

� Conclusion: 
� All sites have the potential to serve as a host for the deep 

repository 

J Palmu



Main scientific and technical results

� The crystalline bedrock of Finland is suitable for the selected 
safety concept
� The role of the bedrock is to provide a stable environment for the EBS 

to retain their good isolation properties

� It is possible to locate suitable sites for the deep repository
� Bedrock volumes having advantageous chemical, hydrological and 

rock mechanical properties can be identified and characterized
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rock mechanical properties can be identified and characterized

� The differences between the site candidates studied are small
� The differences between the sites are less significant than the 

heterogeneity within a site

� For more detailed characterisation for design and evaluation an 
underground characterisation, testing and demonstration is 
needed

J Palmu



Site for deep repository

� Olkiluoto site was selected on the basis of
� Systematic research and development work
� Assessment of environmental impacts
� Political consideration in decision making process
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Rationale for selection of Olkiluoto

Based on the site evaluation and safety assessment safe disposal 
of spent fuel is possible to implement at all sites investigated
Based on the EIA the conditions for successful implementation are 
more favourable in Eurajoki and Loviisa
Olkiluoto has some advantages

Higher degree of flexibility for construction due to the larger land area
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Higher degree of flexibility for construction due to the larger land area
Smaller need for transportation, a greater amount of spent fuel 
already exists at Olkiluoto
The changes in the living conditions and amenity are seen as very 
minor by the local public
The possibilities for conflicts caused by the project are by the local 
public small
The project has been adopted as an important part of community's 
future strategy

J Palmu



Decision-making
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Nuclear facility licensing process in Finland

Application for 
DECISION IN PRINCIPLE 

Construction
permit

Environmental
permit

Other 
permits

CONSTRUCTION 
LICENCE

granted by the 
Government in acc. with 

Permits in 
accordance with 

Water 

DECISION IN PRINCIPLE
in acc. with the Nuclear Energy Act 
- Decision by the Government  
- Parliamentary ratification 

Environmental Impact Assessment 
EIA 
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OPERATING LICENCE 
granted by the Government in 

acc. with the Nuclear Energy Act 

Construction of a nuclear facility

Start of commercial operation of the nuclear facility 

Periodic and licensing 
inspections 

Government in acc. with 
the Nuclear Energy Act 

Water 
legislation 



Decision on the disposal of spent fuel

POSIVA
Application for the

Decision-in-Principle

GOVERNMENT
Making the

STUK - RADIATION AND
NUCLEAR SAFETY

AUTHORITY
Evaluation of safety

May 1999
January 2000
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Making the
Decision-in-Principle

PARLIAMENT
Ratification of 

the Decision-in-Principle

EURAJOKI
MUNICIPALITY

Supporting statement by
the municipal council

January 2000

February 2001

December 2000

May 2001



Important milestones

� Licensing shall occur in accordance with Nuclear 
Energy Act

� Decision in principle in 2001
� Spent fuel from Olkiluoto 1-2 and Loviisa 1-2
� Shall be disposed of in repository built at Olkiluoto
� Olkiluoto selected site
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� Olkiluoto selected site

� Decision in principle in 2002
� Spent fuel from OL3
� Shall be disposed of at the same repository at Olkiluoto

� Target time schedule
� Disposal shall be commissioned in 2020
� Preparedness for construction  in 2012

J Palmu



Site confirmation
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Site investigations focused in Olkiluoto
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Location of ONKALO



Investigations for site confirmation 2000

� Main objectives:
� Verification of the earlier conclusions on site suitability
� Definition and identification of suitable rock volumes for 

repository space
� Characterisation of the target host rock for repository design, 

safety assessment and planning of construction work
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safety assessment and planning of construction work

J Palmu



Stages of site characterisation

� Stage 1
� Surface-based investigations before the construction of the 

ONKALO access tunnel (->2004, will continue in all stages)

� Stage 2
� Construction of the ONKALO access tunnel and shafts with 

parallel site investigations (2004-2009)
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parallel site investigations (2004-2009)

� Stage 3
� Construction of the characterisation level of the ONKALO 

with associated underground site investigations (2010-2012)

J Palmu



Objectives of underground rock 
characterisation
� Confirmation/modification of the present conclusions 

on site suitability
� Detailed underground characterisation of a rock 

volume representative of the actual host rock for 
repository 

� Development of approach for identifying suitable rock 
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� Development of approach for identifying suitable rock 
volumes for repository tunnels and deposition holes

� Testing and demonstration of repository technology 
in actual conditions

J Palmu



Implementation of geological disposal
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General design conditions

Loviisa 1-2
operation 50 y

1,000 tU

2,500 tU

Fortum

TVO

Posiva
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Olkiluoto1-2
operation 60 y

Olkiluoto 3
operation 60 y

2,500 tU

2,000 tU

J Palmu



KBS-3 disposal concept: two alternatives

KBS-3V
KBS-3H

Host rock

Oct 9, 2008 J Palmu 29

Canister

Bentonite

Backfill

Canister

Bentonite

Host rock

Host rock



Encapsulation plant

1
2
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3
2

64 5

1. Canister receipt and storage
2. Fuel handling cell
3. Copper lid welding cell
4. Welding inspection
5. Canister surface cleaning
6. Canister lift



Canister design: three versions

� Copper canister
� Long-term tightness
� Wall thickness 50 mm
� Length 3.6 m; 4.7 m; 5.2 m
� Diameter 1.052 m

� Cast iron insert
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� Cast iron insert
� Mechanical strength
� Nodular cast iron
� For 12 / 4 fuel assemblies

� Total number ca. 2800
� LO ca. 700
� OL1-2 ca. 1200
� OL3 ca. 900

LO1-2 OL1-2 OL3



Safety concept

Oct 9, 2008 J Palmu 32



Safety concept

Safe disposal

Long-term isolation

Retention, retardation and dilution by other barrie rs

Proven 
technical 

quality of the 
EBS

Favourable 
near-field 

conditions for 
container
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Retention, retardation and dilution by other barrie rs

Slow release from 
the spent fuel

Slow transport in 
the geosphere

Slow diffusive 
transport in the buffer

Favourable, predictable bedrock and groundwater con ditions Well-known material properties

Robust system design (insensitive to imperfections)

J Palmu



It follows from the safety concept that (1)

� A high priority will be given to any activities to ensure 
the high quality of encapsulation

� The primary role of the bedrock consists in creating 
sufficiently stable and predictable ambient conditions 
that lead to expected longevity of the canisters; its 
secondary role consists in a release barrier.
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secondary role consists in a release barrier.
� There is a need for backfilling and sealing systems 

that restore and maintain the natural conditions in the 
host rock as close to baseline conditions as possible

J Palmu



It follows from the safety concept that (2)

� Because the possibility of a leaking canister cannot 
be totally excluded, other barrier functions of the 
near-field are important. This means focus on 
groundwater redox and pH conditions and quality of 
the bentonite buffer.

� The disposal system as a whole must be robust 
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� The disposal system as a whole must be robust 
enough to stand the test of various disruptive 
scenarios, even if such are deemed to have a low 
probability of occurrence.

J Palmu



Present focus: ONKALO
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ONKALO
Underground rock characterisation facility

� The suitability of site for disposal will be verified by 
means of research made in ONKALO
� Research at different depths during ONKALO construction
� Final verification at disposal depth

� Design target: Utilisation of ONKALO during con-
struction and operation of underground repositorystruction and operation of underground repository
� Design and construction according to requirements set for 

nuclear facilities

� Provides an opportunity for Posiva to learn repository 
implementation
� Disposal technology can be tested in real conditions
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ONKALO lay-out and technical information

TECHNICAL DATA
� Excavation volume 340,000 m3

� Access tunnel 
� length 5 km
� inclination 1:10
� size 5.5 x 6.3 m

� Total length of tunnels and 
shafts 9 km

Access 
tunnel

Exhaust air 
shaft
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shafts 9 km
� Shaft diameter 3.5 & 4.5 m
� Depth

� characterisation
level 420 m

� lowest level 437 m

SCHEDULE
� Excavation start 2004
� Characterisation level 2009
� Excavation completed 2011

Characterisation 
level

Personnel 
shaft

Intake air 
shaft



ONKALO on ground level

Encapsulation plant

Research building

Gate building
Storage
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Washing hall /
Repair shop

Shaft 
building

Tunnel
technology

Office

Sedimentation pools

Retaining
walls

Storage hall



ONKALO excavation started in summer 2004
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ONKALO site in summer 2008
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ONKALO entrance in summer 2007
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Excavated tunnel
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Raise bored shaft
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Progress of excavation in October 2008
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ONKALO investigations

� Main goals
� Provide data for modelling
� Provide data for construction and design of ONKALO and 

the repository
� Provide data for safety analysis and overall site 

characterisation

� Investigations
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� Investigations
� Tunnel mapping
� Probe holes
� Pilot holes
� Characterisation holes
� Investigation niches
� Hydrological measurements

J Palmu



Conclusions and the way forward
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Suitability of crystalline basement 

� Investigations and analyses have shown that different 
crystalline bedrock environments could be suitable 
for spent nuclear fuel disposal

� In crystalline rock engineered barriers provide the 
main isolation of radionuclides

� Bedrock provides stable environment for the � Bedrock provides stable environment for the 
engineered barriers and also to some extent isolation 
of radionuclide releases

� Repositories for low- and intermediate level wastes 
are already in operation 
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Schedule of spent fuel disposal
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Disposal facility above and underground
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