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1. INTRODUCTION

The Finnish nuclear power programme consists of operation of four power plant
units. Teollisuuden Voima Oy (TVO) operates two BWR units, Olkiluoto 1 and 2
(2x710 MWe), in Eurajoki on the west coast of Finland. The other two units, Loviisa
1 and 2 (2x445 MWe), are PWRs and are operated by Imatran Voima Oy (IVO) at
Loviisa on the south coast of the country.

In accordance with the Finnish Nuclear Energy Act the waste producers TVO and
IVO are responsible for their wastes. Until the year 1995, strategies followed by the
two utilities differed in regard to the management of spent nuclear fuel. IVO returned
spent fuel to the Russian fuel supplier, while TVO planned domestic arrangements
for final disposal. In 1994, however, the Finnish Nuclear Energy Act was changed by
the Parliament in such a way that the export of spent fuel from Finland is forbidden
from the beginning of 1997. In 1995, the utilities signed an agreement to cooperate in
the management of spent fuel. It was agreed that co-operation would be arranged
within a joint company, POSIVA Oy, of which TVO owns 60% and IVO 40%.
POSIVA started operations as a company in 1996 [1] and took over the final disposal
programme of spent fuel, which had been part of TVO's activities since the early
1980s until the year 1995.

POSIVA published at the end of 1996 several interim reports on the progress of the
research programmes [2]. These comprised summaries of site investigations and
technical plans as well as an updated safety assessment (TILA-96). Together with
these reports an updated plan for the objectives, strategies and main contents of the
programme in 1997-2010 was published.

2. TECHNICAL CONCEPT FOR FINAL DISPOSAL IN THE FINNISH
GEOLOGICAL CONDITIONS



Based on the Nuclear Energy Act the nuclear wastes produced in Finland shall be
disposed of in Finland. The whole country belongs to an area of old crystalline
bedrock. The first feasibility study on direct final disposal of spent fuel was published
in 1982. Since then, the programme has progressed in accordance with the Decision
of the Government in 1983, in which objectives and schedules for the programme
were defined.

Technical plans for the final disposal of spent fuel have been developed since the
early 1980s. In the first phase, the encapsulation was based on the Swedish KBS-3
concept, in which molten lead was used as filling material of the copper canister. The
next canister plan, published in the year 1990, was a composite consisting of an inner
steel container and an outer container of copper allowing encapsulation process at
room temperature. This concept has now been developed further in such a way that
encapsulation is based on the use of a copper canister consisting of a cast insert and a
copper mantle.

The plan for the repository is based on a network of horizontal tunnels to be
constructed in the bedrock at a depth of 300 - 700 meters. The estimated amount of
spent fuel accumulated at the Finnish power plants is 2,600 tU. Encapsulated spent
fuel will be emplaced in vertical holes bored in the floors of tunnels. In the holes,
canisters will be isolated from the bedrock by tightly compacted bentonite clay. As
soon as the last canisters have been emplaced, the encapsulation plant will be
dismantled and the tunnels and shafts sealed.

The work of the years 1997 - 2000 will concentrate on updating the design of the
encapsulation plant and on demonstration of different technologies.

Practical experience for the spent fuel final disposal project has been gained from
construction of the two Finnish final repositories for low- and medium-level nuclear
waste. TVO's repository, which was constructed in the bedrock of the Olkiluoto
power plant area, was taken into operation in 1992. IVO's similar repository has been
constructed in the bedrock of the Loviisa power plant area and is at the moment in
licensing phase.

3. APPROACH FOR SITE SELECTION AND IMPLEMENTATION

The site selection process started already in the early 1980s with a country-wide
survey of the principal geological features in Finland. The research has proceeded in
steps following the objectives of the 1983 Decision of the Government. In 1985,
about 100 potential areas suitable for site selection research were selected. Field
investigations including deep drillings to a depth of 1000 m aiming at selection of the
repository site were started at five areas in 1987. Detailed investigations continued at
three candidate sites in 1993 -1996: in Olkiluoto, Kuhmo and Snekoski. In 1996, a
preliminary study was carried out to determine the feasibility of locating the
repository in the bedrock the power plant island of Loviisa.

The interim report of 1996 on site characterisation summarised the work carried out
during the years 1993-1996. The programme was divided into three sub-programs: 1)
the baseline investigations describing the present conditions in the bedrock, 2) the
additional characterisation for the acquisition of complementary data, and 3) the
investigations for testing the earlier results and hypotheses to build confidence in
existing understanding.

The baseline investigations have thoroughly characterised the groundwater chemistry
and its variations of the sites, as well as, summarised hydrological observations at the
sites. Saline groundwaters were found at Olkiluoto and preliminary results indicate
that the salinity increases towards the depth. The state of the rock stress measured in
deep boreholes correlates well with the general knowledge of rock stress in Finnish



bedrock. Based on the interpretation of additional characterisation some
complementary structural features have been added, and some changes in earlier
features have been made to the bedrock models. The results obtained confirm the
former conclusions on the properties of the bedrock at each site, and indicate that the
safe disposal would be possible to achieve at every site.

In the feasibility study of Loviisa the geological evaluation was mainly based on the
previous investigations at the island. For this study the complementary geological
mapping has been carried out on the Loviisa power plant island and on the
surrounding area with a radius of 20 km. The dominating rock type, Rapakivigranite,
does not differ from the respective rock types at the other investigation sites. The
structure of the bedrock is rather simple and the fracture zones important to
groundwater flow easier to predict. The information from hydrogeochemistry
indicates an increasing salinity towards the depth.

The feasibility study supported the suitability of the island for site characterisation,
and in the beginning of 1997 a decision was made to start deep drillings also at
Loviisa. Thus, the sites that are now being studied are in Olkiluoto, Loviisa,
Snekoski and Kuhmo. The field investigations at the sites are largely completed with

the exception of Loviisa. In addition to the technical and scientific work, POSIVA
has launched an environmental impact assessment programme at the four sites.

The next milestone of the disposal programme is to select the site in the year 2000.
The next important phase after the site selection is the construction of an exploratory
shaft at the chosen site. The construction of this shaft is scheduled to start in 2003.
From this shaft complementary studies will be made to confirm the properties of the
bedrock. Construction of the final disposal facility, consisting of an encapsulation
plant and a deep repository, should start during the 2010s. Operation should begin
around 2020 and will continue several decades.

4. SAFETY ASSESSMENTS AND DEVELOPMENT OF CRITERIA

The TILA-96 report is a continuation and update of the earlier TVO-92 safety
analysis. Provided that no major disruptive event hits the repository, initially intact
copper canisters preserve their integrity for millions of years and no significant
amount of radioactive substances will ever escape from the repository. Impacts of
potential canister failures have been analysed employing conservative assumptions,
models and data. In the case of single canister failures, the results show that the
margin to the proposed regulatory criteria is more than three orders of magnitude in
the dose rate and more than four orders of magnitude in the release rates into the
biosphere. Even in the extreme cases, where all 1500 canisters are assumed to be
initially defective or to "disappear" simultaneously at 10 000 years in the "worst
possible location" in the repository, the proposed safety criteria would be fulfilled.
When realistic modelling and data are used in the consequence analyses, the results
show negligible releases and doses.

The most apparent difference between the candidate sites for the spent fuel repository
is that Olkiluoto and Loviisa are presently located at the coast of the Baltic Sea,
whereas Snekoski and Kuhmo are inland sites lying about 200 meters above the sea
level. At the depth of 500 meters, groundwater is brackish or saline in Olkiluoto,
whereas it is fresh in Snekoski and Kuhmo. Because of the ongoing postglacial land
uplift Olkiluoto, too, is likely to become an inland site after some thousands of years.

The TILA-96 report suggests that in the further site characterisation and evaluation of
the candidate sites emphasis should be laid on three topics: 1) Evaluation of the
geological structure and fracturing of the bedrock, 2) Identifying of bedrock volumes,
where the repository could be constructed, and their assessment from the construction
point of view, 3) Assessment of geochemical conditions (the role of brackish and



sulphate-rich, saline, and very saline groundwaters).

TILA-96 confirms that the planned system for spent fuel disposal fulfils the proposed
safety criteria. The nuclear energy legislation defines two categories of safety
regulations: the general ones are issued by the Government while the detailed ones
are issued by the Finnish Centre for Radiation and Nuclear Safety (STUK). STUK is
also in charge of making proposal for the general regulations. STUK has prepared the
draft of a proposal for general regulations concerning the disposal of spent nuclear
fuel. These regulations have been targeted to give support to Decision in Principle
process and site selection.

Considering the siting the draft contains among others:
site selection can be based on the investigations from the ground surface
site shall, as a whole, be favourable and the information gained from
characterisation shall be consistent
at the planned depth, adequately large and intact blocks of bedrock shall exist
for the construction.

After the review period the general regulations will be submitted to
the Government for the approval.

5. ENVIRONMENTAL IMPACT ASSESSMENT

The Act on Environmental Impact Assessment Procedure came into force in 1994.
The EIA Procedure focuses on significant adverse impacts caused by a project and on
various alternatives for its implementation. The main parties involved in the EIA of
the final disposal facility are POSIVA as the implementor, Ministry of Trade and
Industry as the co-ordination authority and citizens whose circumstances and interests
may be affected. The Act emphasises the interaction between the public and experts.

The EIA Procedure has two phases. The first step for POSIVA is to draw up the EIA
programme and submit it to the co-ordination authority. The programme contains
information on how the environmental impacts of the project will be studied and
assessed. After submission of the programme the co-ordination authority announces
that the project is under preparation and parties involved can comment upon the
programme. Comments in this hearing process can be submitted in written or spoken
form.

The co-ordination authority compiles the comments by the citizens and experts.
These will be noted in the programme through the statement by the co-ordination
authority. Once the programme has been approved the second phase of the EIA
Procedure begins. The EIA studies aim at compiling the assessment report itself. The
assessment report shall be attached to the application for the Decision in Principle.
The hearing of EIA report will be held jointly with the hearing of the application
itself.

POSIVA started the planning for the EIA programme in the Spring 1997. The plan is
to submit the programme to the co-ordination authority at the end of 1997. The
assessment work has been planned to be carried out during 1998.

6. LICENSING STAGES AND ACCEPTANCE

The first step in Finnish licensing procedure is to apply the Decision in Principle
from the Government for the planned facility. The objective is to apply this decision
in connection of the siting decision before the end of the year 2000. Prerequisites for
a positive decision of the Government are that both the municipality proposed and
STUK approve the plan. Finally, the Parliament will have to endorse the decision. In
the later phases of licensing, a separate application will be made for a licence to



construct the facility around the year 2010 and for operation of the facility around
2020.

The application of the Decision in Principle may include several site candidates. The
decision procedure means that approval of at least one local council is needed to be
able to select a site for the facility. An essential task is therefore the distribution of
information about the studies being made and the principles of final disposal to local
decision-makers and the public. Long-term communication work has been needed to
allow people to become familiar with the planned project and to build public
confidence in the safety of final disposal.

POSIVA's communication program includes a variety of activities aimed at different
target groups. Press conferences, contact group meetings with municipality
representatives, open houses for the public, exhibitions, lectures to different groups,
visits to the drilling sites and to the existing repositories as well as the use of a variety
of written material are all included in the program. Since 1996, also newspaper
advertising has been used to deliver information about both nuclear waste
management and POSIVA to a wider number of people.

A fact increasing the local acceptance of the final disposal facility is that it will bring
significant tax income and about 100 jobs to the local municipality.

7. FINANCIAL PROVISIONS

An important element in the Finnish nuclear waste management is the availability of
finances for the needs of the programme in the future. To determine future financial
requirements, the cost estimates for nuclear waste management must be updated
regularly.

It is the duty of a waste producer to collect a fee in the price of electricity and annuall
set this aside in a fund to guarantee that money will be available in the future to cover
the costs of waste management. The fund and the securities must cover all the future
costs of the produced waste inventory. The Finnish nuclear waste management fund is
administered by the Ministry of Trade and Industry.

In September of each year the utilities submit to the Ministry their proposals for the
liabilities to be used as a base when defining payments that should be made into the
fund. These liabilities are estimates of the future costs of waste management based on
produced waste inventories and also include decommissioning costs. Liabilities have
to be calculated at current monetary values without discounting.

In 1997, TVO has contributed FIM 3.1 billion to the fund and IVO has contributed
FIM 1.6 billion, a total of FIM 4.7 billion. In the year 2000 the fund available to cover
the future costs of the Finnish nuclear waste management program will be about FIM
6 billion. The average contribution of nuclear waste management costs to the cost of
producing nuclear electricity is about 10%.

8. PROJECT ORGANISATION IN 1997 - 2000

The work aiming at the Decision in Principle and site selection by the end of the year
2000 has been organised into co-ordinated project management structure comprising
three programmes: P-2000 (site evaluation), T-2000 (final disposal technology) and
V-2000 (communication).

P-2000 aims at siting and the programme consists of two projects: one for site
evaluation and the other for EIA. The site evaluation project is an integrated approach
of site characterisation and safety assessment. In the field work geochemistry is one
of the key areas. One of the final targets is to summarise all the geological



information from the sites by the end of the year 2000. The safety assessment work
has two aims. TILA-99 will be compiled for the Decision in Principle process to
demonstrate the compliance with the general regulations and will be based largely on
the TILA-96 analysis. More comprehensive POSIVA-2000 has been planned to
summarise the results from the site selection research, development of technology
and safety assessment research.

T-2000 will update the technical plans by the end of 2000. V-2000 supports the
efforts to build the acceptance for the planned facility both at local and national level.

9. CONCLUDING REMARKS

The Finnish programme for national final disposal facility for spent nuclear fuel
started in the early 1980s and aims at commissioning the repository in 2020. The
results of site selection studies, which have now continued 10 years, show that the
Finnish crystalline bedrock offers favourable conditions for safe disposal.

Technical plans and designs have been developed in several phases for final disposal
canisters and for facilities needed. Safety assessments have been updated at intervals
of a few years according to data obtained in site investigations and studies of
technical barriers taking into account the development of technical solutions.

The main objectives of the programme were set up already in 1983 in the Decision
the Government. Now one important part of the programme, site selection, is
approaching the solution. One site of the four candidates should be selected in 2000
followed by start of construction of an investigation shaft in 2003.

The first step in Finnish licensing procedure is to apply the Decision in Principle
from the Government. A prerequisite for a positive decision is that the municipality
proposed approves the facility to be located on its area. This means that in addition to
technical and scientific work there is need to build public confidence in the planned
final disposal activities.
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NUCLEAR POWER IN FINUND

OIkiluoto
TVO

OIkiluoto I 710 MW
OIkiluoto 2 710 MW

Loviisa I 445 MW
Loviisa 2 445 MW
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DISPOSAL TUINEI

4,1m

Filling material



FIHAL DISPOSAL il;

OLKILUOTO FUEL
Height 4.4 m
Weight 20.8 t
11 bundles/canister

LOVIISA FUEL
Height 3.4 m
Weight 16.5 t
11 bundles/canister

101 1996



PRINCIPLE OF SITE SELECTION

Repository Area

Investigation Area

Regional Block
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SCHEDULE FOR SITE SELECTION
FINAL DISPOSAL OF SPENT FUEL

1983 - 1985 Screening and
identification of potential
investigation sites

1986 - 1992 Preliminary site
investigations

1993-2000 Detailed site
investigations

2000 Site selection

2000 - 2010 Investigation shaft
- construction and studies

2010 - 2020 Construction of final
disposal facility

2020 Start of final disposal

Po.lv.Oy 08/ 1996
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FINAL DISPOSAL
COST ESTIMATE

• Price level: December 1996
OIkiluoto I and 2 (480 TWh) and Loviisa I
and 2 (275 TWh)

9 Operational lifetime of NPPs: 40 years
* Amount of sf: 2660 tU (1911 canisters)

Million FIM
1160

Research shaft
Encapsulation plant 53S
Repository 560

2710

Research shaft 10
Canisters
Encapsulation plant
Repository

DECOMMISSIONING AND

Encapsulation plant 40
Repository

TOTAL 4140



NUCLEAR WASTE FUND 1997

• Teollisuuden Voima Oy / OIkiluoto I and 2
• Liability FIM 3518 million
• Fund FIM 3117 million

• Imatran Yoima Oy / Loviisa I and 2
• Liability FIM 2594 million
• Fund FIM 1558 million

t ivi n H IA / IOOA



:IA process and its role

EIA-
programme

report

Compiled based on guidelines
comments by citizens

Public announcement,
open for comments

s statement

Studies based on the programme
and statement

• assessment of the impacts of the
project and its alternatives

• an impact monitoring programme

Assessment report will be appended to the
application for decision in principle submitted
to the Government
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LOCAL INFORMATION
ACTIVITIES

;i Cooperation with local decision-
makers
• Bilateral contact groups
• Information events to local

councils and governments
m interaction with the public

• Open houses at drilling sites
and Posiva local offices

• Exhibitions
• Lectures to local groups

• Visits to the nuclear power plants
and waste management facilities

• Press conferences
• Distribution of information

material
• Brochures, periodicals
• Supplements in local

newspapers
IOH9?4
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