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Application for a Decision-
in-Principle concerning the 
Construction of a Nuclear 
Power Plant Unit – Olkiluoto 4

Th is publication does not include the following documents enclosed with 

the actual decision-in-principle application:

 

-  Extract from the Trade Register, 

Teollisuuden Voima Oyj  (Appendix 1)

-  Copy of the company’s Articles of Association and 

Register of Shareholders (Appendix 2)

-  Annual Report 2007, Teollisuuden Voima Oyj (Appendix 5.1)

-  Environmental Impact Assessment Report, Extension 

of the Olkiluoto Nuclear Power Plant by a fourth Unit  (Appendix 12.1)

 

 

More information:

Teollisuuden Voima Oyj

Olkiluoto

FI-27160 EURAJOKI

Tel. +358 2 83 811

www.tvo.fi 
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 OLKILUOTO 4

TO THE COUNCIL OF STATE

APPLICATION FOR A DECISION-IN-PRINCIPLE CONCERNING THE 
CONSTRUCTION OF A NUCLEAR POWER PLANT UNIT

APPLICANT

Teollisuuden Voima Oyj, hereinaft er “TVO”.

APPLICATION

Th e applicant requests for the Council of State’s decision-in-principle re-
ferred to in Section 11 of the Nuclear Energy Act confi rming that the con-
struction of the new nuclear power plant unit described in the ‘Scope of 
the application’ section is in line with the overall good of society.

SCOPE OF THE APPLICATION

Th e application concerns a nuclear power plant unit with a light water 
reactor of max. 4,600 MW thermal power and an electric power on the 
order of 1,000–1,800 MW that is to be located at the Olkiluoto power 
plant site owned by TVO.

Furthermore, the scope of the application includes the nuclear facilities 
associated with the operation of the new nuclear power plant unit at the 
same site, required for the storage of fresh nuclear fuel, interim storage of 
spent nuclear fuel, as well as the processing, storage and disposal of low- 
and intermediate-level operating waste.

JUSTIFICATION FOR THE APPLICATION

Following the justifi cation presented below, the applicant sees that TVO’s 
venture to build additional nuclear power as part of the required new 
base-load capacity is in line with the overall good of society, taking in-
to account Finland’s climate and environmental objectives, the secu-
rity of electricity supply, dependency on imports and a competitive and 
stable price of nuclear electricity. Th e current nuclear power plant site at 
Olkiluoto is suitable for the new plant unit. Th e new unit’s fuel and nu-
clear waste management can be organised similarly to the fuel and nu-
clear waste management of the currently operating units and by relying 
on their arrangements.
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Applicant

Th e applicant is TVO and its domicile is Helsinki. TVO is the owner and 
operator of the Olkiluoto nuclear power plant located in the municipality 
of Eurajoki. Th e combined production of the two plant units, Olkiluoto 
1 and Olkiluoto 2, currently accounts for approximately one-sixth of all 
electric power required in Finland. In addition, at Olkiluoto there is the 
Olkiluoto 3 plant unit under construction.

TVO owns 60 per cent of Posiva Oy, whose task is to take care of the fi nal 
disposal of spent nuclear fuel from the nuclear power plants of its share-
holders in Finland. Th e remaining 40 per cent of Posiva Oy is held by 
Fortum Power and Heat Oy (“FPH”), which is the owner and operator of 
the Loviisa nuclear power plant.

More detailed information about the applicant can be found in the ap-
pendices to this application.

During the construction of the Olkiluoto 1 and Olkiluoto 2 plant units at 
Olkiluoto and nearly thirty years of operation and during the construc-
tion of Olkiluoto 3, TVO’s personnel have gained signifi cant expertise in 
the construction and operation of nuclear power.

Th e operating results of the current plant units at Olkiluoto have been 
at the top level in the world. Finland has been the leading country in 
the world for about 20 years with regard to the annual capacity factor of 
nuclear power plants. Th e reliable operation of nuclear power plants is a 
proof of the high level of expertise in this fi eld in Finland. Th e high uti-
lisation degree also proves that there has been demand for TVO’s stable 
electricity production. Olkiluoto 3 has been one of the fi rst nuclear power 
plant units under construction in the western countries for more than ten 
years. Its construction has signifi cantly increased the company’s expertise 
in the design and construction of the next generation’s plant units.

General signifi cance and necessity of the venture

Electricity is a necessary basic commodity in society and its uninter-
rupted and secured supply constitutes a prerequisite for the operations of 
society, including the functions serving well-being and production in 
households and workplaces. Suffi  cient and reasonable priced electricity 
means improved quality of living and is in the general interest of all Finnish 
people, regardless of the social and regional location.

Th e production structure of electric power in Finland is one of the most 
diversifi ed in the world. Th e versatility of production forms for its part 
secures the supply and stable price development of electricity. Th e main-
tenance of the security and the economy of electricity production and the 
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mitigation of climate and environmental impacts require that the versa-
tility of electricity production is maintained without excluding any forms 
of production.

Alongside Finnish production, imports have played an important role in 
Finnish electricity supply. In 2007, imports accounted for 14 per cent of 
all electricity consumption, corresponding to the annual production of 
one large nuclear power plant unit. Finland is a net importer of electricity 
on the open Nordic electricity market where the supply and prices of elec-
tricity depend largely on the impact of rainfall for the availability of hy-
dropower.

Th e consumption of electricity has increased by an average of 2 per cent 
a year in Finland over the last ten years. Th e consumption is estimated to 
increase by an average of 1.2 per cent a year until 2020 and by an average 
of 0.7 per cent a year during the next ten years. In 2020, the need for new 
production capacity will be about 5,500 MW. Th e new production capac-
ity will cover the defi cit caused by the increasing demand for electricity, 
and by the reduction of old power plants and of imports.

TVO produces the base electric power, i.e. base-load, available at every 
moment of the day around the year. Th e need for base-load power is still 
increasing as the use of electricity in housing and services is becoming 
more versatile and as industrial production is increasing. Nuclear power 
is well-suited for base-load production because its production is practi-
cally independent of any external factors and the share of operating costs 
in the production cost of electricity is small.

In open competition on the electricity market, the investments of elec-
tricity producers to increase production are aimed at production forms 
which require, according to short-term market forces less capital but more 
expensive fuels. In the long term, this may increase the price of base-load 
power signifi cantly. Th is may also be the result if there are not enough 
investments to increase production.

Th e share of fuel costs in the overall price of nuclear electricity and the 
share of natural uranium cost, in particular, is small, resulting in stable 
prices of nuclear electricity. A stable electricity price lays the ground for 
long-term investment decisions in Finland. Because of the small share of 
costs of nuclear fuel, the domestic content of nuclear electricity is higher 
than that of production of base load power using fossil fuels.

Nuclear power does not cause greenhouse gas emissions, the mitigation of 
which Finland is committed to. With regard to impacts and expenses, the 
construction of additional nuclear power is the most effi  cient way to limit 
carbon dioxide emissions caused by electricity production in Finland.
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Schedule of the venture

Th e applicant has estimated that construction work for the power plant 
unit could be started in 2012 aft er the invitation to tender and construc-
tion licence processes following the decision-in-principle. Th e construc-
tion period for the plant unit will be approximately 6–8 years. Th e unit’s 
production could be started at the end of the decade. Th e scheduling of 
the fi nal investment decision will take into account the outlook for the 
shareholder’s electricity demand, the development on the electricity mar-
ket and the reduction obligations of greenhouse gas emissions valid at the 
time.

Profi tability and fi nancing of the venture

Th e planned nuclear power plant unit is fi nancially the least expensive op-
tion in the production of base-load power. Th e utilisation of the infra-
structure serving the existing plant units at the nuclear power plant site at 
Olkiluoto will have a signifi cant eff ect on the venture’s economic viability.

Renewable sources of energy have an increasing importance and foothold 
in Finland’s electricity acquisitions. However, they are not fi nancially or 
technically valid alternatives for the planned nuclear power plant unit to 
be implemented in the wide-scale production of base-load power.

Th e preliminary cost estimate for the power plant unit amounts to EUR 
3–4 billion depending on the size of the plant unit. Th e share of Finnish 
work, materials and equipment is estimated to account for about 35–45 
per cent of all investment costs.

According to calculations, the venture is fi nancially profi table. Experience 
indicates that nuclear power is inexpensive, particularly in the long term, 
as capital costs decrease. TVO’s fi nancial key fi gures and the ability to 
handle interest on loans and repayments will remain at a level satisfactory 
to fi nanciers throughout the construction period. According to analyses, 
the venture’s funding can be organised. Th e venture will not require State 
subsidies.

Plant type and time of operation

Th e nuclear power plant unit referred to in the application will be 
equipped with a light water reactor. Th e majority of the world’s current 
power reactors are light water reactors. Th e new unit can be either a 
boiling water or pressurised water reactor plant. Th e Olkiluoto 1 and 
Olkiluoto 2 plant units are boiling water reactor plants and Olkiluoto 3 is 
a pressurised water reactor plant.

Th e thermal power of the plant unit’s reactor will be a maximum of 4,600 
MW which has been used as the plant unit’s maximum thermal power in 
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its environmental impact assessment. Th e electric power of the plant unit 
will be approximately 1,000–1,800 MW.

TVO has carried out preliminary surveys on the feasibility of several nu-
clear power plant alternatives in Finland. Th ey represent the latest deve-
lopments in light water reactor technology with regard to their safety and 
economy-related properties. According to the investigations, there are 
several nuclear power plant alternatives available on the market that are 
feasible, without any changes or with reasonable changes, to be built in 
Finland. In addition, plant alternatives other than those targeted by feasi-
bility studies may be considered in the selection of the plant alternative to 
be implemented.

Th e planned technical operational lifetime of the new plant unit is ap-
proximately 60 years.

Safety and environmental impacts

In accordance with the Nuclear Energy Act, the starting point for the de-
sign, construction and operation of a nuclear power plant is that the plant 
must be safe and it shall not cause injury to people or damage to the envi-
ronment or to property.

Finnish nuclear power plants have had only a small number of incidents 
that have had safety implications or disturbed the use of plant units. None 
of these incidents has caused the allowed radiation doses for employees to 
be exceeded or any radiation hazard to the environment.

Th e new nuclear power plant unit will be designed to meet the interna-
tionally advanced safety requirements valid in Finland. In addition, the 
principles and instructions issued by the International Atomic Energy 
Agency (IAEA) and some other countries will be taken into account.

Th e direct and indirect impact of the planned nuclear power plant unit on 
people, nature, and the built environment has been assessed in accord-
ance with the Act on Environmental Impact Assessment Procedure. Th e 
Environmental Impact Assessment Report was submitted to the contact 
authority in February 2008. Appropriate attention will be paid to the as-
pects presented in the statements on the assessment report when develop-
ing the venture further.

Nuclear fuel and nuclear waste management

Fuel management of the new nuclear power plant unit can be implement-
ed reliably in a diversifi ed manner from several sources using similar ar-
rangements as for the existing plant units. Th e main principle is to use 
long-term agreements and reserve stocks for fuel.
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Th e intention is to use the same plans, methods and waste management 
facilities that are used for the existing nuclear power plant units. Th ere 
are disposal facilities for low- and intermediate-level operating waste at 
Olkiluoto, and these can be expanded to accommodate the needs of the 
new unit as well.

Spent nuclear fuel is to be disposed of in the fi nal disposal facility at 
Olkiluoto designed by Posiva Oy, which is owned by TVO and FPH. 
Th e spent fuel from the new nuclear power plant unit referred to in this 
application has been taken into account in Posiva’s plans regarding the 
fi nal disposal facility. Posiva is submitting a separate application for the 
Council of State’s decision-in-principle concerning the construction 
of the fi nal disposal facility for spent fuel expanded so that spent fuel 
from Olkiluoto 4 can be disposed of in the facility. Th e capacity of the 
expanded repository will be 9,000 tons of uranium.

Helsinki, 25 April 2008

TEOLLISUUDEN VOIMA OYJ

Pertti Simola  Rauno Mokka
President and CEO  Executive Vice President
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APPENDICES
 
Descriptions called for in Section 24 of the Nuclear Energy Decree:

1. Extract of the Trade Register

2.  Copy of the company’s Articles of Association and register of share-
holders

3. Description of the expertise available to the applicant

4.  Description of the nuclear power plant venture’s general signifi -
cance and necessity considering domestic energy supply, in particu-
lar, and its signifi cance considering the operation of other nuclear 
power plants in Finland and their waste management

5.  Description of the applicant’s fi nancial prerequisites for operations 
and the nuclear power plant venture’s economic viability

6. Overall fi nancing plan for the nuclear power plant venture

7. Outline of the technical principles of the planned nuclear facility 

8. Description of the safety principles followed

9.  Outline description of the ownership and occupation of the site 
planned for the nuclear facility

10.  Description of the settlement and other activities and the planning 
arrangements at the planned nuclear plant site and its immediate 
vicinity

11.  Assessment of the suitability of the planned site for its purpose and 
of land use restrictions in the plant surroundings caused by siting of 
the nuclear facility 

12.  Assessment report drawn up in accordance with the Act on Envi-
ronmental Impact Assessment Procedure and an account for the 
design criteria the applicant intends to apply in order to avoid envi-
ronmental damage and limit environmental burdens

13. Outline plan on nuclear fuel management

14.  Outline of the applicant’s plans and available methods for arranging 
nuclear waste management
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DESCRIPTION OF THE EXPERTISE AVAILABLE TO THE APPLICANT

CONTENTS

1. GENERAL

2. DEVELOPMENT OF COMPETENCE

3. COMPETENCE IN OPERATIONS

4. OUTSIDE EXPERTISE
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1. GENERAL

TVO’s line of business is to construct and procure power plants and power 
transmission equipment and to produce, supply and transmit electricity 
primarily to its shareholders. Th e company has built and is operating two 
nuclear power plant units, OL1 and OL2, at Olkiluoto in the municipality 
of Eurajoki and is building the OL3 plant unit at Olkiluoto.

When the operation of the OL1 and OL2 plant units started, most of the 
technical personnel involved in the construction phase were transferred 
to tasks in support of the operation and maintenance of the plant units. 
Th ose who have been involved at Olkiluoto from the very beginning have 
accumulated nearly 30 years of experience in the operation and mainte-
nance of the plant units, including the effi  cient implementation of annual 
outages. An indication of the company’s competence is that the high ca-
pacity factors of the Olkiluoto plant units have held the top positions in 
international comparisons for a long time.

Figure 3–1 Total production of Olkiluoto 1 and Olkiluoto 2 and average capacity factor in 
1985–2007.

In addition, the company’s nuclear competence has been maintained and 
developed by the power upratings of the plant units and by their modern-
isation, by measures taken to prevent for severe accidents, the preparation 
of a probabilistic safety analysis (PSA), the use of a training simulator, the 
construction of interim storage facilities for low and intermediate-level 
waste, the construction of an interim storage facility for spent fuel, the 
construction of a repository for operating waste, the development of the 
fi nal disposal solution for spent fuel and the construction of OL3.
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2. DEVELOPMENT OF COMPETENCE

Competence exists in people and in organizational routines.

Employee turnover has been at a low level in TVO and it has mainly taken 
place through retirement. TVO has prepared for maintaining competence 
in connection with retirements.

Nuclear power plant operations are typically well-documented. TVO has 
accumulated extensive material during its history concerning the plant’s 
technical systems and the organisation’s operations. TVO operational 
systems and information and their uses have been documented extensive-
ly and comprehensively. Numerous manuals, operating and maintenance 
manuals including operational and preventive maintenance instructions 
in particular, control the operations in great detail. TVO has a good safe-
ty culture which is a signifi cant part of TVO’s organizational memory.

Figure 3–2 The duration of employment for TVO’s personnel.

Th e development of personnel competence consists of continuous actions 
controlled by the key competence areas derived from the company’s stra-
tegy and the competence requirements set for the personnel. Th e imple-
mentation of these requirements is monitored as part of supervisor ope-
rations in a coordinated manner at the company level. Th ese operations 
are supported by the competence management data system. Th e regular 
number of personnel training days has annually been about 9–10 days/
person and, in 2007, it was about 15 days/person. Th e increase resulted 
mainly from training related to the tasks of OL3.
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Figure 3–3 Training days for TVO’s personnel.

Th e company employs approximately 700 regular employees, 75 per cent 
of whom have technical or scientifi c educational backgrounds: there 
are 6 doctors, 4 licentiates, 111 Masters of Science in Engineering, 162 
engineers, 73 technicians and 15 master mechanics. In addition to those 
with a technical or scientifi c degree, the company employs people with 
fi nancial and legal expertise in the nuclear industry. Th e company sup-
ports its personnel’s participation in diff erent levels of post-graduate and 
continuing educational programmes.

Figure 3–4 Education of TVO’s personnel divided into educational levels.

Th e company has realised at an early stage that a signifi cant part of the 
current personnel has been in the company’s service for a long period, that 
personnel turnover has been minor and that large share of the person-
nel is retiring around 2010. Th e company has, well in advance, initiated 
actions to ensure that the accumulated know-how and plant knowledge 
can be conveyed to new competent employees. Examples of competence 
transfer projects implemented in TVO include mentor projects where the 
reti rement of key personnel has been/will be prepared for by recruiting 
followers as work partners 2–3 years before retirement, and the HILTI 
project aimed at planned operations supporting the transfer of tacit 
knowledge of technical experts. All of this is supported by good and com-
prehensive documentation concerning plant technology and procedures.
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3. COMPETENCE IN OPERATIONS

TVO has thirty years of experience in the operations of a nuclear power 
plant in Finland. An important part of operations is the management of 
the operating staff ’s competence (control room personnel). TVO is con-
tinuously monitoring the recruitment need of personnel and trainee 
teams have been started in 2003, 2004, 2006 and 2007 (each including 
4–8 people). Th e members of the trainee teams will be licensed operators 
aft er two years of training. TVO is constantly working on developing the 
selection procedures for operating personnel. TVO has highly developed 
practices for the training of operating staff . For example, the operating 
experience of its plant and other plants is continuously utilised as part of 
the operating personnel’s basic and further training. Th e operating per-
sonnel have about 15 training days a year concerning plant technology 
and procedures.

Part of the training is carried out using the simulator, for which TVO has 
clear updating practices. TVO also has extensive experience in the utili-
sation of the simulator and wide competence in the didactic special fea-
tures of simulator training. In addition to plant technology, the simulator 
is used to train procedures, such as control room communications. Th e 
operating personnel’s competence management also includes the mainte-
nance of licenses and diff erent indications of work skills, for which TVO 
has standardised procedures. Operations constitute work in three shift s, 
including special requirements. Over the years, TVO has accumulated 
vast experience in manage the burden of shift  work.

Figure 3–5 Control room of the training simulator for OL1 and OL2 plant units.
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Simulator training comprised 630 training days in 2006 and a total of 930 
training days in 2007 for the maintenance and development of the control 
room personnel’s professional competence. Th e OL3 project has enabled 
wide-scale recruitment of new professionals. People who will develop in 
the operational tasks through tasks at the construction and implemen-
tation stages have been employed in the OL3 project. Th e future control 
room personnel of OL3 (about 35 people) were recruited in 2005 to be 
trained for the tasks. Th e OL3 project has increased the broad interna-
tional cooperation of the company’s experts.
 

4. OUTSIDE EXPERTISE

TVO also uses suppliers in its operations to the extent necessary. Th e 
principle has been to establish connections with institutions, companies 
and organisations representing the highest possible expertise in sectors 
related to the company’s operations. Th e company has valid agreements 
on maintenance and expert services with several Finnish and foreign par-
ties. TVO has long-term cooperation agreements with key plant, compo-
nent and service suppliers. Th e expertise and competence of suppliers is 
inspected using regular assessments.

TVO has excellent long-term relationships with higher educational insti-
tutes and universities providing education in nuclear and energy technol-
ogy. Th e company is taking active part in the institutes’ research and de-
velopment projects and supports students by off ering training positions 
and possibilities to complete a thesis project in TVO.

TVO has participated and is participating in a number of national and 
international nuclear power development programmes. Th is will produce 
information about the latest development in the fi eld and maintain func-
tional connections to experts in the fi eld. Th e company’s representatives 
are actively involved in the operations of Finnish and international or-
ganisations in the fi eld of energy and nuclear power.

Th rough broad operational experience and the OL3 project, TVO has ex-
tensive and fresh expertise and competence in the requirements of the 
design, construction and operations of nuclear power.
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1. GENERAL SIGNIFICANCE OF THE VENTURE

A reliable and uninterrupted supply of electricity in all situations and self-
suffi  ciency of its supply constitute starting points for social operations for 
each citizen, for industry, services and foreign trade. An un interrupted 
supply of electricity at a reasonable price for private consumers and at a 
competitive price for business are prerequisites for the Finnish economy 
and well-being.

Th e venture referred to in the application primarily supports the reduc-
tion of carbon dioxide emissions in electricity production, the reduction 
of dependency on the import of electricity and fuels becoming more 
expensive and the replacement of old and removed production capacity 
using an emission-free option. In addition, provisions shall be made to 
cover the increases electricity need by using emission-free power plants.

Th e presented nuclear power plant unit as part of a diversifi ed Finnish 
ener gy mix will increase the self-suffi  ciency and reliability in the electri city 
supply, will reduce emissions and produce electricity at a competitive price. 
Th e signifi cance of reasonably-priced Finnish electricity will be empha-
sised in a situation where many European countries are more dependent 
on imported electricity and gas, resulting in tighter competition and more 
pressure to increase prices.

High-quality function of the energy system is particularly important in 
Finland. Despite the effi  cient use of energy, Finnish energy consumption 
per citizen is one of the greatest in Western countries. Th is is caused by 
the high standard of living, energy intensive industry structure, the cold 
climate and long distances.

In order to maintain and secure stable economic growth and positive 
employment development, it is important that Finland has favourable 
operational conditions for investments. Even though the electronics and 
IT industries have increased their share in our industrial production, the 
energy-intensive forest, chemical and metal industries play a central role 
in exports which forms the backbone of our welfare state. Th e share of 
the energy-consuming heavy industry of Finnish energy needs is nearly 
40 TWh (27 TWh in forest industry, 6 TWh in basic chemical industry, 
5 TWh in metal processing) constituting more than 40 per cent of the 
total electricity consumption in Finland. Reliable electricity supply at a 
reasonable price is a prerequisite for the existence of these branches.

Th e mitigation of climate change is one of the biggest challenges for 
mankind. Th rough the decision issued in 2007, the European Union is 
committed to reduce greenhouse gas emissions by 20 per cent by 2020, 
compared to the level in 1990. Th e emission reduction will be 30 per cent 
if countries outside Europe will be committed to similar reductions in 
emissions. Emission trading is a central control method selected within 
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the EU to reduce emissions. Th e European Commission proposes separate 
country-specifi c binding objectives for sectors outside emission trading, 
such as traffi  c, services, households and farms. Th e objectives were issued 
on 23 January 2008. Th e proposed objective for Finland in the sector out-
side emission trading means that greenhouse gas emissions are reduced 
by 16 per cent compared to the level in 2005. Energy production causes 
about 80 per cent of Finland’s greenhouse gas emissions. Annual carbon 
dioxide emissions in electricity production have been 10–25 million tons 
over the recent years. Th erefore energy solutions have a central signifi -
cance in climate change mitigation. Th e means for reducing emissions in-
clude the increase in energy effi  ciency and investments in low-emission 
and emission-free forms of energy, such as renewable energy sources and 
nuclear power.

Future energy solutions must be carried out so that the reliability and rea-
sonable prices of energy supply can be secured, while taking care of the 
environment particularly in preventing climate change. Th is requires in-
vestments in improved energy effi  ciency and versatile energy production 
without excluding any forms of production from the energy mix.

Electricity demand and the future outlook in Finland

Increased use of electricity has and will be connected to the increase in 
standard of living. Finland’s gross national product has increased over 
the past decades, apart from the recession at the beginning of 1990s. Th e 
share of basic industry using plenty of electricity in the gross national 
product is high. Th e use of electricity has increased in all end user sectors 

– in industry, services and households.

Th e entire industrial sector used more than 50 per cent of all electricity in 
Finland. In 2007, the electricity consumption in industry was 47.8 TWh. 
Th e forest industry had a share of 58 per cent, the metal industry 17 per 
cent, the chemical industry 14 per cent and other industry and construc-
tion 11 per cent. Service production, including services produced by the 
private and public sector, consumed 16.2 TWh of electricity. Housing and 
farming consumed 13.9 TWh. Th e share of housing consists of household 
electricity, real estate electricity for multi-storey buildings and terraced 
houses and the electricity used by holiday homes. Th e energy need for 
electric heating amounted to 9.1 TWh.

Despite the continuous improvement in energy effi  ciency, electricity con-
sumption will continue to increase in Finland. According to the WM 
(With Measures) scenario of the former Ministry of Trade and Industry, 
updated in 2005, the total consumption of electricity will amount to ap-
proximately 105 TWh in 2020 and 108 TWh in 2025. In the WAM (With 
Additional Measures) scenario for more effi  cient actions, the total con-
sumption of electricity will amount to 102 TWh and 105 TWh.
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Th e estimate of demand for electricity in 2020 and 2030 published by the 
Confederation of Finnish Industries (EK) and the Finnish Energy In-
dustries in November 2007 had similar results for the future estimates 
of electricity use as the ministry. Th e estimate is based on a vision of a 
well-to-do and successful Finland. Th e estimate for demand is based on a 
favourable economical development and a steady growth that will lead to 
improved standard of living for citizens.

According to the estimate, the use of electricity will increase to 106.5 
TWh by 2020 and to 115 TWh by 2030. Th e average annual increase will 
be about 1.2 per cent until 2020, and 0.7 per cent between 2020 and 2030.

Future industrial development will be a central factor in the assessment 
of the outlook for electricity needs. Th e need for industrial electricity is 
estimated to grow in all sectors. Th e increased demand for electricity in 
the forest industry is mainly based on renovation and new investments, 
through which the production capacity will also increase. In addition, the 
manufacture of paper grades with a higher processing degree will require 
more electricity business. Th e growth estimates of the need for electricity 
in the metal industry are based on expansion investments in production. 
According to the report, the need for electricity in the forest industry in 
2020 is estimated to amount to 32.3 TWh (+4.6 TWh compared to 2007), 
10.9 TWh in the metal industry (+2.9 TWh), 7.7 TWh in the chemical 
industry (+0.8 TWh) and 6.0 TWh in other industry and construction 
(+0.8 TWh). Th e total energy need in industry in 2020 is estimated to 
amount to 56.9 TWh (+9.1 TWh compared to 2007).

Th e electricity need in the service sector is estimated to increase by an 
average of 1.9 per cent a year from 2008 to 2030. Th e increased demand 
for services and the resulting need for more electricity in services results 
mainly from the increase in standard of living. Th e need for electricity 
in services and traffi  c (mainly rail traffi  c) is estimated to amount to 19.9 
TWh in 2020 (+3.7 TWh).

Th e need for electricity in housing, farming and electric heating is estimat-
ed to amount to 26.2 TWh in 2020 (+4.2 TWh). Th e increase in electricity 
needs for housing comes mainly from a greater number of households 
and bigger apartments. Th e use of electricity is reduced by the estimated 
improvement in the energy effi  ciency of devices, even though the increase 
in the number of electric devices eats up a share of the savings arising 
from the improved effi  ciency.

Energy effi  ciency

Th e signifi cance of energy effi  ciency has increased in recent years. Th e 
main reasons include increased energy expenses and the prevention of cli-
mate change, the signifi cance and impacts of which have got more atten-
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tion. Th e future of Finland’s energy effi  ciency is aff ected signifi cantly by 
the energy effi  ciency decisions issued by the European Union, according 
to which energy effi  ciency should be improved by 20 per cent by 2020. In 
addition, the emissions trading sector, such as households, traffi  c, services 
and part of industry, is controlled by the Energy Services Directive which 
sets a binding 9 per cent energy saving target for these operators in 
2008–2016.

In Finland energy effi  ciency is at a high level compared to the internation-
al situation. Finland is one of the world’s leading countries in energy ef-
fi cient combined heat and power production. Central element in improv-
ing the effi  ciency of energy use is energy effi  ciency agreements between 
the state and operators. Th e long-term agreement system were deepened 
and expanded through agreements signed at the end of 2007, involving 
the business community and municipalities. Th e traffi  c sector is also in-
volved in the agreement entity. Th e agreement system covers 60 per cent 
of end use of energy in Finland.

Th e central parts of the agreements include the recognition of the poten-
tial to improve energy effi  ciency and the implementation of actions re-
quired for improved effi  ciency. In 1998–2006, the operators within the 
scope of the agreements had improved the effi  ciency of their electricity 
use so that 1.7 TWh of electricity is saved every year compared to a situ-
ation where actions had not been implemented. In addition, the contrac-
tual operators have the possibility to implement a similar amount of more 
effi  cient electricity use if the actions are fi nancially profi table.

As the organisation responsible for the OL4 venture, TVO does not have 
access to any energy conservation means that would allow replacement of 
the quantity of electricity produced by the new nuclear power plant unit 
while continuing the operations of the shareholders and other electricity 
consumers as planned.

1.1. Current status of electricity supply and future outlook in Finland

Finland utilises diff erent sources of energy in its electricity production in 
a versatile manner. Th e diversifi cation supports maintenance of supply, 
competition on the open electricity market and, as a result, the availabil-
ity of electricity as competitively as possible.

In 2007, 90.3 TWh of electricity was used in Finland. Combined pro-
duction of electricity covered 29 per cent of this need. Th e share of nu-
clear power was 25 per cent and that of other condensing power 16 per 
cent. Th e import of electricity from Russia, Sweden, Norway and Estonia 
amounted to 14 per cent of the total electricity need in 2007. Th e share of 
wind power was 0.2 per cent.
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On the basis of the Electricity Production Scenarios in 2030 issued by the 
Finnish Energy Industries, the need for maximum electric output and the 
available capacity in Finland will develop according to fi gure 4–1.

Figure 4–1 Capacity available during maximum consumption: current plants and the 
plants for which an implementation decision exists at the beginning of 2008.

According to the fi gure, the diff erence between the maximum need and 
the current capacity will increase to 2,800 MW before the new fi ft h nu-
clear power plant unit is completed and will decline to 1,200 MW aft er its 
completion. Th en, the diff erence will increase to about 5,500 MW in 2020 
and about 8,400 MW in 2030.

1.2. Alternatives for electricity supply

1.2.1. Renewable energy sources

Renewable energy sources can be utilised in the production of electricity 
and heat and as a raw material for biofuels for traffi  c. Renewable energy 
sources in Finnish electricity production include hydropower, biomass 
(mainly wood but also fi eld biomass), waste and wind power. Solar po-
wer cannot be utilised to a signifi cant extent in Finland in the foreseeable 
future.

In March 2007, the European Union decided to increase the use of renew-
able energy sources in the EU area to constitute 20 per cent of the total 
energy consumption. Th is overall objective will be divided into member 
state-specifi c obligations. In its directive proposal issued on 23 January 
2008, the European Commission proposed a binding objective of 38 per 
cent for renewable energy in the consumption of end energy in Finland in 
2020. Th is means an increase of nine percentage points in renewable en-
ergy compared to the level in 2007. Th e directive proposal does not deal 
with the methods of how renewable energy should be used in electricity 
and heat production and traffi  c. Th is division will be carried out in each 
member state.
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Hydropower

Hydropower is used to produce 12.8 TWh of electricity a year during 
average fl ow years, i.e. about 15 per cent of the total electricity consump-
tion in Finland. Th e production varies according to the water situation. 
Th e diff erence between a dry and a wet year in Finnish hydropower pro-
duction is about 5 TWh, i.e. 5 per cent of the total electricity need.
 
Th e production of hydropower can be increased in Finland. A large part 
of Finnish hydropower resources has already been utilised in electricity 
production. In addition, the Rapid conservation law limits the possibili-
ties of using hydropower. Th e largest possibilities of increasing the use 
of hydropower are the Vuotos and Kollaja projects and the Ounasjoki 
River. Production can also be increased by developing regulation, reduc-
ing by-pass fl ow, building unprotected rapids (mostly in small and micro 
hydropower production) and renewing the existing hydropower plants. 
According to the estimates of the Finnish Energy Industries, the quantity 
of electricity produced through hydropower can be increased annually by 
1.3 TWh by 2020.

Electricity consumption varies at diff erent times of day, on diff erent 
weekdays and during diff erent seasons. Electricity production must cor-
respond to electricity consumption at all times. As a result, balancing 
power is required, for which balanced hydropower is well-suited. In order 
to even out variation in electricity need depending on seasons, leachate 
is to be stored in water systems so that it can be used during consump-
tion peaks. Short-term regulation adapts electricity production according 
to daily variation in consumption which is 25 per cent of the average at 
maximum. Balancing hydropower can also balance wind power produc-
tion which is fully dependant on weather.

Forest and fi eld biomass and waste

Wood, fi eld biomass and waste produce nearly 10 TWh of electricity, i.e. 
about 11 per cent of the total electricity need in Finland. Wood-based 
fuels are mainly used in combined heat and power production (CHP) in 
forest industry in Finland. Th e most important wood-based fuels in in-
dustry include bioliquid created in pulp processes and industrial waste 
wood. In practice, Finnish energy production utilises all of the wood 
material not viable for further industrial processing. Nearly all of the 
wood-based electricity, including the production of district heating, is 
produced in combined CHP in Finland. According to the estimates of the 
national energy and climate strategy in 2006, the volume of CHP can be 
increased to more than 32 TWh by 2020 compared to the current level. 
Th e electricity is produced using peat, coal, natural gas and biomasses, of 
which wood is the most important.

TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  7(16)
 OLKILUOTO 4
  APPENDIX 4

OL4_PAP_eng_FINAL.indd   27OL4_PAP_eng_FINAL.indd   27 5/30/08   2:12:08 PM5/30/08   2:12:08 PM



Increased energy use of wood is strongly aff ected by the development of 
the amount of forest industry production and the production structure. 
Th e amount of wood energy in forest industry can vary a great deal from 
year to year depending on changes in utilisation rates, and the felled vol-
ume in forests may vary depending on production in the forest industry. 
Th e increase in the wood energy volume in the forest industry is mainly 
tied to the increase in production volumes.

For wood energy, signifi cant growth potentials are related to forest energy, 
i.e. wood chips obtained through fi nal and intermediate harvesting and 
from stumps. Th e economic viability of the use of forest chips is signifi -
cantly aff ected by the transportation distance of the wood material. Emis-
sion trading makes wood even more competitive compared to fossil fuels 
and peat. Wood harvesting also has an eff ect on regional employment. 
Th e use of forest chips amounts to 3 million cubic metres a year at the 
current level. In 2010, it is estimated to amount to 5 million cubic metres. 
Th e production of fi eld energy, i.e. reed canary grass, has increased sig-
nifi cantly in recent years. In 2007, the cultivation area of fi eld energy was 
nearly 20,000 hectares, whereas energy plants were cultivated in an area 
less than 2,000 hectares at the beginning of the millennium. According to 
the estimate of the Ministry of Agriculture and Forestry, the cultivation 
area of reed canary grass could be increased to about 100,000–150,000 
hectares by 2020. Reed canary grass is mainly used in CHP.

Recycled fuel produced from waste is also noteworthy but marginal en-
ergy source which can be used to reduce the amount of waste transported 
to landfi ll sites and, as a result, the environmental and health hazards 
caused by landfi ll sites. Recycled fuel can also be used to reduce the use of 
fossil fuels. Several waste incineration plants are currently being planned 
in Finland.

Wind power

At the end of 2007, Finland had nearly a hundred wind power plants that 
produced a total of 0.2 TWh of electricity, constituting about 0.2 per cent 
of the total electricity need in Finland. Th e best regions for increasing 
wind power are the coastal areas. Sea areas constitute the best production 
areas for wind power. Even though the theoretical increase potential of 
wind power is signifi cant, it cannot be used to solve the need for addi-
tional capacity of base load power.

In practice, the construction of wind power is limited by production 
costs and regulations related to regional land use. Th e investment costs 
for wind power built at sea are 50–80 per cent higher than those built on 
land. Wind power plants must also be regionally accepted.

Th e improvement of competitiveness is one of the central challenges for 
wind power. As a result, the state grants investment support for wind 
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power, the amount of which has been 20–30 per cent of the building costs 
depending on the project. In addition, wind power receives production 
support amounting to EUR 6.90/MWh.

Th e production of wind power is fully dependent on the amount of wind. 
A wind power plant produces one-fourth of the amount of electricity that 
could be produced in a power plant of a diff erent type and a similar size. 
In order to even out variations in wind power production, the other elec-
tricity production mechanism has to adapt to the changing production of 
wind power and produce the additional electricity required. Because of 
the varying production and high production costs wind power is not suit-
able for the production of base load power.

Solar power

Currently, solar power has such high production costs in Finnish condi-
tions that it can only be used reasonably in certain special applications. It 
is typically used in summer cottages and in technical systems in distant 
locations or behind diffi  cult transportation connections, such as IT link 
stations and beacons.

1.2.2. Nuclear power

In Finland 22.5 TWh of electricity was produced in 2007 using nuclear 
energy, amounting to about 25 per cent of the total electricity consump-
tion. Th e third nuclear power plant unit at Olkiluoto will increase the 
amount of nuclear power by 13 TWh a year.

Th e majority of the production costs of nuclear power are formed of fi xed 
costs. Fuel amounts to about 15 per cent of the total expenses. As a re-
sult, nuclear power is well-suited for the production of base load power. 
In addition, the dependence of nuclear electricity’s production costs on 
fl uctuations in fuel price and exchange rates is low, because the share of 
the fuel in overall production costs is minor. Nuclear power plants do not 
produce carbon dioxide emissions and, as a result, the EU emission trad-
ing does not cause any additional costs.

1.2.3. Coal

Power plants that use coal as fuel produced a total of 12.7 TWh of elec-
tricity in 2007, corresponding to about 15 per cent of the total electric-
ity consumption in Finland. 8.5 TWh was produced in power plants that 
produce only electricity and the remaining volume was produced in CHP 
plants. Coal is a signifi cant fuel in combined heat and power production 
in e.g. Helsinki, Turku and Vaasa.

As balancing power and backup power during dry years, condensing coal 
power has a central role on the Nordic electricity market. In addition to 
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Finland, Denmark has signifi cant condensing power capacity based on 
coal. Th e EU emission trading has a signifi cant eff ect on the price of elec-
tricity produced using condensing coal and other fossil fuels. If the price 
of an emission allowance is EUR 20/ton of CO

2
, the calculated electricity 

production costs of condensing coal power plants are increased by about 
EUR 16 per megawatt hour if the plant has to acquire emission rights.

Carbon dioxide emissions of coal power plants can be reduced signifi -
cantly through carbon dioxide capture and storage. Th is technology can-
not yet be utilised commercially, but research and product development 
are carried out around the world. According to preliminary estimates, 
the capture and storage of carbon dioxide will increase the production 
costs of condensing coal plants by tens of euros per megawatt hour.

1.2.4. Natural gas

In 2007, natural gas was used to produce 10.3 TWh of electricity in Fin-
land, covering more than 11 per cent of Finland’s electricity consumption. 
Most of it was produced in combined CHP plants. In Finland, natural gas 
is only used in southern Finland where the natural gas network extends 
to. Th e natural gas network is planned to expand to the Turku region. All 
of the natural gas used in Finland is imported from Russia.

Also the use of natural gas creates carbon dioxide emissions advancing 
greenhouse eff ects. Because of the properties of natural gas and its elec-
tricity production technology, the emissions are about one half compared 
to a similar coal power plant. If the price of an emission allowance is EUR 
20/ton of CO

2
, the costs of condensing electricity produced using natural 

gas will increase by EUR 10 per megawatt hour.

1.2.5. Peat

In 2007, peat was used to produce 6.6 TWh of electricity in Finland, cov-
ering 7.3 per cent of the total consumption. Approximately one half of 
peat electricity was produced in CHP plants and the rest in condensing 
power plants. Power plants that use peat mainly use multi-fuel boilers 
where several fuels can be utilised at the same time. Peat is oft en used 
together with wood.

Even though peat is a slowly renewable biofuel according to many re-
searchers, its emissions are calculated in international greenhouse gas 
inventories as if it was a fossil fuel. As a result, the EU emission trading 
causes additional costs to condensing peat electricity. If the price of an 
emission rights is EUR 20/ton of CO

2
, the production costs of peat elec-

tricity will be increased by nearly EUR 20 per megawatt hour.
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1.2.6. Import

In 2007, the volume of imported electricity was 12.6 TWh covering 14 per 
cent of the electricity need. Th e volume of imported electricity depends on 
the Nordic hydrological balance. Approximately one half of the electricity 
consumption in the Nordic countries is covered by hydropower. Th e dif-
ference in hydropower production between a dry and wet year is annually 
about 70 TWh in the Nordic countries. In dry years, condensing power 
produced in Finland and Denmark is exported to Norway and Sweden, 
and correspondingly, in rainy years, electricity produced by hydropower 
is imported from Norway and Sweden to Finland and Denmark.

In 2007, 10,2 TWh of electricity was imported from Russia corresponding 
to more than 80 per cent of the total imported electricity volume. Im-
ports from Russia are signifi cantly aff ected by the suffi  ciency of the coun-
try’s electricity production capacity in the regions surrounding Finland. 
According to estimates, the possibilities of importing electricity will be 
reduced as compared to previous years because of the increase in elec-
tricity consumption in the St Petersburg region in particular. Russia may 
even become a buyer of electricity on the Nordic market, which may have 
a remarkable impact on Finland’s electricity balance.

1.2.7. A summary of the supply alternatives for the additional electricity required

With regard to renewable energy sources, the production of hydropower 
can be increased by 1.6 TWh from the current situation at an annual level. 
Th e use of biomass will be mainly focused on combined heat and power 
production and its volume can be increased to about 32 TWh a year from 
the current level. Increase in wind power production must take into ac-
count its variability, the resulting need for balancing power and its high 
production costs.

Th e aforementioned forms of production are not solely suffi  cient to cover 
the defi cit between electricity consumption and production capacity. Th e 
main option for covering the defi cit is to increase the production of con-
densing power. Fuels to be used in condensing production include peat 
or fossil fuels, such as coal or natural gas. Condensing power can also be 
increased through nuclear power which is a very good option worth in-
creasing compared to peat and fossil fuels when considering the security 
of supply, the competitive production costs of electricity and the restric-
tion of emissions. Th e plant unit referred to in the application will account 
for a signifi cant part of the defi cit in capacity to be created in Finland and 
will reduce Finland’s dependency on imported electricity.
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2. ENVIRONMENTAL IMPACT ASSESSMENT FOR ELECTRICITY PRODUCTION

Diff erent energy sources have a diff erent environmental impact with re-
gard to their quantity and extent. Some of the impact is related to the pro-
duction of fuel, some to the construction of power plants, some to energy 
production and some to the decommissioning of power plants.

Th e environmental impact can be assessed in a number of ways. Life cycle 
analysis is a method used to assess the environmental impact caused by 
a product, process or action during its life cycle. Th is analysis also identi-
fi es the impact that is not caused at the energy production site or its im-
mediate vicinity.

Th e most signifi cant greenhouse gas emission in energy production is 
carbon dioxide. A number of reports have been prepared for the carbon 
dioxide emissions of diff erent forms of electricity production. Th e World 
Energy Council (WEC) has prepared a summary including information 
from several diff erent reports. Th e results are presented in fi gure 4–2.

Figure 4–2 Greenhouse gas emissions of different forms of energy, in electricity 
production only, as equivalent carbon dioxide volumes per produced electric energy. 
The fi gure presents the maximum (top) and minimum (low) emissions obtained through 
different life cycle inspections. Source: World Energy Council.

Carbon dioxide emissions are increased in energy production by the 
combustion of coal, oil, natural gas and peat. Biomass is considered to 
be a neutral fuel for climate change because the carbon dioxide released 
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in its combustion is bound back to nature as plants grow. Hydropower, 
wind power, nuclear power and solar energy do not directly increase 
the carbon dioxide content in the atmosphere. However, these forms of 
energy production cause some quantities of greenhouse gas emissions 
that are caused by the procurement of materials and fuels, component 
manufacturing, transportation and the construction and decommission-
ing of plants.

In addition to carbon dioxide, environmental impacts are caused by sul-
phur dioxide, nitrogen oxide and particle emissions that also vary from 
one form of electricity production to another. Tables 4–1 and 4–2 present 
an estimate of the emissions created if the fourth production unit is not 
built at Olkiluoto. Because it is diffi  cult to accurately estimate the pro-
duction structure of electricity at the end of 2010s, the environmental 
impacts are assessed in a situation where the electricity capacity of the 
fourth Olkiluoto production unit would be replaced with production 
from the current average Nordic production capacity.
 
Table 4–1 Estimated emissions of sulphur dioxide (SO

2
), nitrogen oxides (NO

X
) and 

carbon dioxide (CO
2
) in a situation where the annual production of OL4 would be replaced 

in accordance with the average Nordic distribution of electricity production in 2005.

Table 4–2 Estimated particle emissions in a situation where the annual production of OL4 
would be replaced in accordance with the average Nordic electricity production in 2006.
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Avoided emissions 
tons/year

Finland
kg/MWh

Sweden
kg/MWh

Norway
kg/MWh

Denmark
kg/MWh

Electricity 
production’s 
weighted value 
kg/MWh

Production 
8 TWh 

Production 
14 TWh 

CO
2

258.34 19.73 5.61 552.49 115.73 925,818 1,620,182

SO
2

0.37 0.04 0.03 0.50 0.15 1,189 2,080

NO
x

0.47 0.03 0.01 1.22 0.23 1,828 3,199

Average emissions in electricity production

Avoided emissions 
tons/year

Production 
2006, GWh 

Electricity 
production, 
effi ciency

Nominal 
emission 
factor,
mg/MJpa

Share of 
total 
production 
2006

Production 
8 TWh 

Production 
14 TWh

Coal 42.9 45% 17.5 11.2% 125.1 219.0

Oil 3.1 45% 15.0 0.8% 7.8 13.6

Peat 6.3 42% 17.5 1.6% 19.7 34.5

Natural 
gas

19.6 57% 1.5 5.1% 3.9 6.8

Biofuels 19.5 42% 17.5 5.1% 60.9 106.7

Waste 4.2 42% 3.7 1.1% 1.1 4.9

220 385

OL4_PAP_eng_FINAL.indd   33OL4_PAP_eng_FINAL.indd   33 5/30/08   2:12:08 PM5/30/08   2:12:08 PM



Currently and in the foreseeable future, condensing coal power is, for 
most of the year, the form of production that is the most expensive in the 
running order within the Nordic electricity market area. If the new nu-
clear power plant unit replaces condensing coal power production in full, 
the avoided emissions will be, according to the best technology available, 
6–10 million tons for carbon dioxide and several thousands of tons for 
acidifying emissions, depending on the size of the plant (Table 4–3).

Table 4–3 Avoided emissions (tons/year) in a situation where the new nuclear power 
plant would fully replace condensing power produced by coal.

3. IMPACTS ON EMPLOYMENT AND THE REGIONAL STRUCTURE 
AND ECONOMY

Th e most substantial parts of the nuclear power plant investment consti-
tute earth construction, the construction of power plant buildings and 
the procurement of equipment. Th e construction of the power plant unit 
is estimated to take about 6 to 8 years.

Th e employment eff ect of constructing a new nuclear power plant unit 
is substantial. Th e direct employment eff ect in Finland is expected to be 
12,000 to 15,000 man-years. Th e indirect employment eff ect in Finland is 
expected to be 10,000 to 13,000 man-years. Th e domestic content of the 
nuclear power plant unit is estimated to be 35–45 per cent.

Th e venture’s employment eff ects in foreign countries exceed those in Fin-
land. However, signifi cant part of foreign work will be carried out in Fin-
land. Th e foreign plant supplier’s operations on site will have economic 
eff ects through diff erent factors, such as the demand for construction site 
services, short- and long-term accommodation for foreign employees and 
trade in consumer goods.

Th e fourth nuclear power plant unit will require approximately 200 peo-
ple of operating personnel, and the increased need for outsourced serv-
ices will correspond to the work input of approximately 100 people. An-
nual outages will require approximately 700 to 1,000 people of suppliers’ 
labour force. Th e annual value of maintenance investments in the fourth 
plant unit will be EUR 20 million on average.

Th e construction of the new nuclear power plant unit will increase real 
estate tax income in the municipality of Eurajoki by a few million euros. 
Th e increase in real estate tax income will begin during the construction 
period and continue throughout the entire service life of the plant. Mu-

TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  14(16)
 OLKILUOTO 4
  APPENDIX 4

CO
2

SO
2

NO
x

Small particle

8 TWh 5,924,127 3,288 3,288 219

14 TWh 10,367,223 5,751 5,751 383
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nicipal tax on salaries will be increased by EUR 2 million a year in the 
region as the number of regular employees in the nuclear power plant at 
Olkiluoto will increase by approximately 300 people.
 

4. IMPACT ON THE NORDIC ELECTRICITY MARKET

Finland, Sweden, Norway and Denmark constitute a uniform Nordic elec-
tricity market area created during the last ten years as the countries have 
opened their electricity markets for competition. Electricity consumption 
within the Nordic electricity market area is about 400 TWh a year. Th e 
share of hydropower is one half, nuclear power constitutes one-fourth 
and conventional thermal power about one-fourth.

Th e price of electricity is determined on the Nordic electricity exchange 
on the basis of demand and supply and the Nordic marginal production 
cost as shown in fi gure 4–3.

Figure 4–3 Variable production costs and the running order of power plants on the 
Nordic electricity market.

As illustrated in the fi gure above, the variable production costs of hydro-
power are the lowest in comparison to other forms of production. Nuclear 
power comes next in the running order. It is followed by combined heat 
and power production in industry and communities, the volume of which 
depends directly on the heat need by industry and communities at each 
time. Th e production of pure condensing power is generally more expen-
sive than combined heat and power production and, as a result, it comes 
next in the running order.

Th e new nuclear power plant unit will increase the share of nuclear power 
production by the marginal cost curve illustrated in the fi gure above. As 
a result, the need for using more expensive forms of production will be 
reduced. Th is will reduce the market price of electricity.
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5. THE VENTURE’S SIGNIFICANCE FOR OTHER NUCLEAR POWER PLANTS 
AND NUCLEAR WASTE MANAGEMENT

Th e new nuclear power plant unit will be located at the power plant site 
at Olkiluoto where there are two operational nuclear power plant units 
and the third unit is under construction. Th e plant area contains infra-
structure that serves the OL1, OL2 and OL3 units and that the new unit 
will utilise. For example, the distribution of general expenses related to 
administration, operations, maintenance and guarding over four units 
will signifi cantly reduce the price of produced electricity. Th e use and 
maintenance of the new nuclear power plant unit will be supported on 
the nuclear power plant competence and services created by correspond-
ing functions in the OL1, OL2 and OL3 units.

Th e Olkiluoto power plant site has an interim storage facility for spent 
nuclear fuel serving nuclear waste management of the existing plant units 
and has fi nal disposal facilities for low- and intermediate-level nuclear 
waste. Th ese facilities will be expanded for the requirements of OL3 in 
the near future. Th e nuclear waste management of the new unit will be 
supported by these existing facilities, the design of which takes into ac-
count the possibility of expanding the capacity.

Th e nuclear power plant’s licence holder will be responsible for the im-
plementation and costs of the plant’s nuclear waste management. TVO’s 
existing and planned nuclear waste management arrangements or simi-
lar arrangements are also appropriate for managing nuclear waste from 
the new power plant unit. Th e company’s available and planned arrange-
ments can be used for the management of all nuclear waste produced in 
the current and future plant units.
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1. THE APPLICANT’S FINANCIAL PREREQUISITES FOR OPERATIONS

1.1. Shareholders and users of electricity

TVO’s line of business is to construct power plants to produce, supply and 
transmit electricity primarily to its shareholders.

Th e company’s shares are divided into series so that the rights and obliga-
tions of the OL1 and OL2 power plant units are directed at the A-series 
shares, the rights and obligations of the OL3 project are directed at the 
B-series shares and the rights and obligations of the Meri-Pori coal-fi red 
power plant are directed at the C-series shares. Th e ownership shares of 
diff erent sets are described below.

Table 5–1 TVO’s shareholders and shareholding of different series of shares in 
percentage, 1 January 2008. 

Th e largest shareholder in the company is Pohjolan Voima Oy (PVO), 
whose owners are Finnish forest industry companies, municipalities and 
towns as well as energy companies owned by them.

Th e shareholders of Etelä-Pohjanmaan Voima Oy are mostly distribution 
companies owned by the municipalities in the province of Etelä-Pohjan-
maa.

Fortum Power and Heat Oy is part of Fortum Group, whose principal 
owner is the State of Finland. Th e company’s business comprises the pro-
duction, sales and transmission of electricity and heat. Its customers in-
clude distribution companies owned by towns and municipalities, indus-
trial companies and other major consumers of electricity. Fortum Power 
and Heat Oy owns and operates the Loviisa nuclear power plant.

Kemira Group is a chemical industry company operating in four business 
areas: Kemira Pulp&Paper, Kemira Water, Kemira Speciality and Kemira 
Coatings. Kemira’s largest owners are Oras Invest Oy (16.6 per cent) and 
the State of Finland (16.5 per cent).

Oy Mankala Ab is a company owned by the City of Helsinki which pro-
duces and procures electricity primarily for its shareholders.
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Karhu Voima Oy is part of the German E.ON energy group.
 
Users of electricity produced by TVO include Finnish society and elec-
tricity consuming industry. Th rough the shareholding energy companies 
and other companies, TVO’s electricity is distributed to about 60 Finnish 
industrial and electricity companies.

TVO’s shareholders are responsible for the variable and fi xed annual costs 
in accordance with the Articles of Association. Each of the company’s 
shareholder is responsible for the company’s fi xed annual costs, includ-
ing interest on loans and instalments according to the number of shares 
owned regardless of whether the shareholder in question has used its 
share in the electricity generated by the company. In addition, each share-
holder is responsible for the variable annual costs in the proportion it has 
consumed the electricity generated or transmitted by the company.

Th e company sells the electricity it produces to its shareholders at cost 
price without aiming at profi t. Th e shareholders and the Articles of 
Association maintain that TVO has sound fi nancial prerequisites for its 
operations.

1.2. Financial position of the company

Information about the company’s fi nancial position can be found in the 
enclosed fi nancial statements for 2007 included in the Annual report.

According to the fi nancial statements, the company’s balance sheet total 
on 31 December 2007 stood at EUR 2,951 million. Shareholders’ equity 
and similar items amounted to EUR 826 million. Th e amount of debt 
was EUR 2,011 million, of which debt owed to the Finnish State Nuclear 
Waste Management Fund (VYR) and further lent to the company’s share-
holders amounted to EUR 648 million, and subordinated shareholder 
loans amounted to EUR 179 million. 15 per cent of the company’s loans 
are allocated to the A-series, 80 per cent to the B-series and 5 per cent to 
the C-series.

Approximately EUR 800 million has been spent on annual maintenance 
investments, including investments in infrastructure, during the current 
service life of the OL1 and OL2 plant units. In addition, the low-pressure 
turbines and generators of both plant units will be renewed and, as a re-
sult, their nominal output capacity will increase to 885 MW from the 
current 860 MW. Th e investments will amount to about EUR 100 mil-
lion and will be implemented during 2010 and 2011. Approximately EUR 
1,285 million of the investment in the OL3 project were implemented by 
the end of 2007.
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1.3. Funds for nuclear waste management

TVO’s liabilities for nuclear waste management (the estimated future ex-
penditure for decommissioning plant units and the management of nu-
clear waste produced until now) stood at EUR 1,080 million at the end 
of 2007. EUR 928 million of this amount has been collected in the Finn-
ish State Nuclear Waste Management Fund. Th e diff erence is covered 
through securities. Th e amount in accordance with the liabilities will be 
collected to the Finnish State Nuclear Waste Management Fund pursuant 
to the Government decision in 2008–2012.

Th e new OL3 plant unit under construction will join TVO’s preparation 
system for nuclear waste management when the plant unit starts operat-
ing and the assets required will be collected as part of electricity price to 
the Finnish State Nuclear Waste Management Fund.

Th e same procedures will be applied to the new OL4 plant unit.
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Table 5–2 Development of Teollisuuden Voima Oyj’s key fi gures. Financial statements 
according to the Financial Accounting Standards (FAS).

 r 2004 2005 2006 2007

Electricity sales (GWh)

 Olkiluoto 1 7,001 7,208 6,956 7,317

 Olkiluoto 2 7,072 6,984 7,278 7,032

 Meri-Pori 1,797 250 1,509 1,374

 Total 15,870 14,442 15,743 15,723

Assets in VYR (€ million) 793 827 864 928

Turnover (€ million) 217 199 227 225

Fuel costs 69 44 65 66

Nuclear waste management costs 23 27 29 49

Other income and expenses 90 94 106 101

Capital costs 58 59 56 57

EBITDA -23 -24 -29 -48

Investments 382 647 272 227

Equity 229 408 408 604

Appropriations 322 298 269 221

Loans from fi nancial institutes 375 967 1,063 1,183

Loans from shareholders 179 179 179 179

Loan from VYR 573 595 620 648

Balance sheet total 1,745 2,519 2,639 2,951

Debt/equity ratio (%) 62.3 46.0 42.5 43.6

equity + appropriations + loans from shareholders

balance sheet total –  loan from the Finnish State Nuclear 
Waste Management Fund (VYR)

Debt/equity ratio, % = 100 x
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1.4. Risk management and insurance

TVO has a comprehensive risk management plan that is revised regular-
ly. Risk management is monitored by the company’s Board of Directors. 
Risks are to be minimised primarily through internal actions and to be 
covered through insurance.

Th e company has a valid nuclear unit material damage insurance for both 
Olkiluoto 1 and Olkiluoto 2. Property is insured for its full value and the 
insurance includes separate coverage for decontamination costs.

A separate nuclear liability insurance is valid for each nuclear power plant 
unit Olkiluoto 1 and Olkiluoto 2 up to the amount of liability required 
by law. Th e insurance will pay for damages that TVO as the operator of 
the nuclear facilities is liable to compensate for by virtue of the Nuclear 
Liability Act (484/72) and its amendments. Th e Finnish nuclear liability 
system is based on the Paris Convention and the Brussels Supplementary 
Convention.

Th e insurance amount for each nuclear unit in 2008 is 210 million Special 
Drawing Rights (SDR) referred to in the Nuclear Liability Act. At the cur-
rent exchange rates, this corresponds to approximately EUR 230 million 
per plant unit.

For the OL3 project, the company has full value insurance during con-
struction. In addition, the company has delay insurance, transportation 
insurance and liability insurance for the OL3 project.

As the Nuclear Liability Act changes, the plant holder must take up insu-
rance or security by the amount of EUR 700 million with a 30-year limi-
tation of actions in personal injuries covering all environmental damage.

2. ECONOMIC VIABILITY OF THE VENTURE

2.1. General

Th e venture will increase the production of foreseeable and stable base 
load power with low production costs. Th e long-term production costs of 
electricity will have a crucial impact on power plant investment decisions 
of the applicant and its shareholders.

Th e venture’s economic viability will be examined below on the basis of 
electricity production costs. It is in the overall good of society that elec-
tricity is produced in as inexpensive manner as possible. For this purpose, 
the costs of electricity produced using alternative power plant types suit-
able for the production of base load power will be compared and certain 
central issues related to the production costs will be examined. Key fac-

TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  5(9)
 OLKILUOTO 4
  APPENDIX 5

OL4_PAP_eng_FINAL.indd   43OL4_PAP_eng_FINAL.indd   43 5/30/08   2:12:12 PM5/30/08   2:12:12 PM



tors related to the economic viability of the nuclear power plant invest-
ment will also be presented.
 

2.2. Cost structure of the options for electricity production

Several national and international estimates have been prepared for the 
costs arising from the alternative production options for base load elec-
tricity. Local conditions have a signifi cant eff ect on the results.

Th e cost structures of base load electricity produced using diff erent pow-
er plants and fuels diff er from each other signifi cantly. Th is is illustrated 
below in the fi gure in Section 2.3 by dividing the total production costs 
of each production alternative into capital, operational and fuel costs. In 
addition, any expenses arising from carbon dioxide emissions must be ac-
counted for.

Power plants producing electricity in a stable and foreseeable manner 
where electricity can be produced in suffi  ciently large units are the most 
suitable for the production of base load power.

Nuclear power and wind power are the most capital intensive forms of 
production but nuclear power is the best-suited for base load power pro-
duction because of its steady and high utilisation rate. Among the exam-
ined base load power alternatives, nuclear power is clearly the most capi-
tal-intensive, while natural gas was the least capital-intensive.

Th e share of investment costs in electricity production costs (without any 
emission trading costs) is about 60 per cent for nuclear power, 25 per cent 
for coal, more than 10 per cent for natural gas, about 30 per cent for peat 
and more than 30 per cent for wood. Th us the investment costs have a sig-
nifi cant eff ect on the economy of nuclear power. On the other hand, the 
large share of investment costs makes the costs arising from elec tricity 
produced using nuclear power stable and predictable.

Th e share of fuel costs in the total electricity production costs varies 
greatly between the examined forms of production.

For nuclear power, the share of fuel costs in the calculations is only about 
15 per cent of the total electricity production costs, whereas the share is 
far greater in other energy sources – generally more than one half of the 
production costs. Th e small share of fuel costs makes the nuclear power 
costs stable and predictable.

Th e fuel costs for nuclear power comprise the raw uranium, its conversion 
into material suitable for the enrichment process, uranium enrichment, 
and the manufacture of fuel elements. Th e share of the actual raw mate-
rial, i.e. uranium, is approximately one half of the fuel costs, so the share 
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of uranium in the production costs for nuclear electricity is about 7–8 per 
cent. Th e rest of the fuel costs comprise the other phases of fuel manufac-
turing, which constitute normal industrial production and whose costs 
can be reliably predicted.

Th e dependence of nuclear power production costs on fl uctuations in fuel 
price and exchange rates is low because the share of the fuel in the to-
tal production costs is minor. Th e dependence of production costs on the 
market prices of coal, natural gas, peat and wood is signifi cant for these 
corresponding forms of electricity production. Th is will signifi cantly in-
crease the insecurity of long-term estimates for these alternatives. Fur-
thermore, the price of electricity produced by coal or natural gas is very 
sensitive to foreign exchange rate fl uctuations.

Th e forms of production using fossil fuels (coal, gas and peat) include 
costs arising from carbon dioxide emissions, increasing their production 
costs substantially.

2.3. Reports and calculations prepared

TVO has prepared calculations for the power plant venture’s economic 
viability and funding. Th e reports prepared indicate that nuclear energy 
has the lowest production costs.

With regard to investment costs for nuclear power plants, the calculations 
are based on TVO’s experiences and preliminary price information and 
implementation schedules received from some nuclear power plant sup-
pliers. Correspondingly, fuel and operational costs are based on the real-
ised and estimated costs for Olkiluoto.

On the basis of the reports prepared, the total investment costs for the 
new nuclear power plant, including interest during construction, will 
amount to EUR 3–4 billion depending on the size and plant type. Th e in-
vestment costs include costs for connections to the infrastructure and nu-
clear waste management as well as interest during construction calculated 
using 5 per cent interest rates over the estimated construction period.

Th e costs for the alternative forms of production for base load electric-
ity have also been compared in the study conducted by the Lappeenranta 
University of Technology in 2008. Th e results are presented in fi gure 5–1.

Th e study compared the cost structures and production costs of nuclear 
power, coal, natural gas, peat, wood and wind power using diff erent an-
nual operating volumes. Th e study proved a 1,500 MW nuclear power 
plant to be the least expensive option when the plants were used for base 
load power production and the operating rate was 8,000 hours a year.
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Figure 5–1 Electricity production costs for the base load power options using an 8,000 
hour operating rate (apart from wind power whose operating rate is 2,200 hours). Real 
rate of interest 5 per cent, price level January 2008, emission allowance price EUR 
23/t CO

2
, wood and wind without any support. Source: Lappeenranta University of 

Technology 2008, Professor Risto Tarjanne.

In the estimate, the new production unit is located at a plant site where 
other units are already operating. As a result, the capital costs do not ac-
count for any infrastructure costs, such as network connections, road 
connections, port, fresh water management, wastewater treatment sys-
tems, environmental monitoring and standby arrangements.

2.4. Realised electricity production in the current Olkiluoto plant units

Th e electricity production of the current plant units at Olkiluoto has var-
ied between 14.1 TWh and 14.3 TWh over the past fi ve years. Production 
costs are estimated to increase slightly in the near future because of the 
increased cost estimates related to increased fuel costs and fi nal disposal 
of nuclear waste.

Th e net electric power of the Olkiluoto 1 and Olkiluoto 2 plant units are 
860 MW aft er the turbine modernisation implemented in 2005–2006. Af-
ter the turbine and generator renewals to be implemented at the end of 
the decade, their net power will increase to 885 MW.

Th e annual production objective of the OL3 plant unit under construc-
tion is 12–13 TWh on the basis of the utilisation rate assessed for the fi rst 
years.
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Th e electric power of the new planned nuclear power plant unit will be 
1,000–1,800 MW depending on the plant type selected. Based on the 
above and the utilisation rate assessed for the fi rst years the planned an-
nual production objective is 8–14 TWh.
 

2.5. Summary

According to the reports prepared, nuclear power is the most economi-
cal option among the compared alternatives. In addition, costs can be re-
duced further as the new power plant unit will be built in the existing 
plant at Olkiluoto, in which case the built infrastructure can be utilised.

A special benefi t of nuclear power is the long-term predictability of pro-
duction costs. Because nuclear power does not generate greenhouse gas 
emissions and does not cause any related additional costs, the competi-
tiveness of nuclear energy is assumed to improve in the future.

Th e additional construction of nuclear power is a strategic investment for 
the energy policy of the entire nation and it will have a long-term stabilis-
ing eff ect on the price level of electricity within the entire market area.

If the new plant unit’s electricity production is valued at the long-term 
market price, the venture will produce suffi  cient profi t on the invested 
capital. Furthermore, the company’s fi nancial key fi gures and its ability 
to manage funding are at a level satisfactory to fi nanciers.

3. APPENDICES

Teollisuuden Voima Oyj, Annual Report 2007
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1. INVESTMENT

Th e preliminary cost estimate for the venture is on the order of EUR 3 
to 4 billion depending on the size and type of plant. Th e cost estimate 
includes interest during the construction time.

With regard to the investment costs of the nuclear power plant unit, the 
calculations are based on TVO’s own experience, as well as preliminary 
pricing information and implementation schedules received from nuclear 
power plant suppliers.

Th e amount of investment costs will be specifi ed in more detail when 
binding off ers are received from plant suppliers.

2. SCHEDULE

According to the preliminary venture implementation schedule, the fi -
nancing of the basic investment will be distributed over approximately 
seven years. Actual construction work at the plant site will take some six 
to eight years.

3. SOURCES OF FINANCING

Financing will be arranged so that the shareholders commit themselves 
to increasing the company’s share capital and/or providing loans to the 
company at terms and conditions that allow the use of diversifi ed sour-
ces of debt fi nancing. Most of the venture costs will be fi nanced through 
loans from fi nancial institutions and the capital markets. Furthermore, 
fi nancing arranged by the plant supplier may possibly be utilised. Th e 
venture will not need fi nancial support from society.

4. STAGES OF FINANCING

Financing shall separately consider the characteristics of the construction 
stage and the operating stage. Th e sources of fi nancing and their interre-
lations may be diff erent during the construction stage and the operating 
stage.
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5. REPAYMENT OF LOANS

Th e venture is estimated to increase TVO’s debt by some EUR 2.5 to 3.0 
billion. At the end of 2007, the company had EUR 1.36 billion of loans. 
Once the Olkiluoto 3 project is completed in 2011, the total amount of 
loans is estimated to be approximately EUR 3.5 billion. Th e company’s 
long-term target is to maintain an equity ratio of approximately 25 per 
cent.

Th e substantial proportion of debt fi nancing is made possible by the ex-
cellent operating history and operational reliability of the existing power 
plant units, the predictability of the production costs of nuclear power, 
as well as the fact that the company’s shareholders will commit to using 
the power produced for the entire service life of the plant. According to 
TVO’s Articles of Association, the company’s shareholders are responsible 
for annual costs specifi ed in the Articles of Association, including interest 
and instalments of loans.

Th e intention is to repay the external debt required for the venture in ap-
proximately 30 years. Th e planned service life of the plant unit is approxi-
mately 60 years.

6. SUMMARY

Taking into account the above plans concerning equity and debt capital, 
fi nancing for the venture can be arranged in a way that is satisfactory to 
the parties.
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1. POWER PLANT PROCESS

Th e planned new nuclear power plant unit will operate on the principle 
of a light water reactor plant. Heat generated by uranium fuel is used to 
produce high-pressure steam. Th e steam is conducted to a turbine that 
drives an electric generator. In its basic principle, a nuclear power plant is 
a steam power plant, just like a coal-fi red power plant.

In the reactor, the fuel is in small pellets approximately one centimetre 
in diameter, encased in gas-tight fuel rods of approximately four metres 
in length. Th e fuel rods are assembled into fuel assemblies, and there are 
hundreds of these in the reactor. Th e typical amount of uranium fuel in 
the reactor is on the order of one hundred tonnes.

Natural uranium consists mainly of two isotopes: 99.3 per cent of the iso-
tope U-238 and 0.7 per cent of the isotope U-235. Fuel for light water reac-
tors is manufactured by enriching the uranium to contain slightly more 
than 3 per cent of the isotope U-235, with the rest being isotope U-238.

During operation, the U-235 in the fuel produces energy and is trans-
formed into fi ssion products. A fraction of the isotope U-238 is trans-
formed into plutonium, which also produces energy. Depending on the 
degree of enrichment, spent fuel contains almost 96 per cent U-238 and 
approximately 3 per cent fi ssion products, as well as a total of more than 1 
per cent fi ssionable uranium and plutonium.

Light water reactor plants may be either boiling water reactor plants or 
pressurised water reactor plants. At Olkiluoto, the nuclear power plant 
units Olkiluoto 1 and 2 currently in operation are boiling water reactor 
plants, while the Olkiluoto 3 unit under construction is a pressurised wa-
ter reactor plant. Th e Loviisa plant is a pressurised water reactor plant.

1.1. Boiling water reactor plant

Within the pressure vessel of a boiling water reactor (BWR), water is cir-
culated through the fuel bundles in the reactor core by reactor coolant 
pumps or natural circulation. Th is heats the water to a typical tempera-
ture of approximately 290 °C, which makes it boil and generate steam at a 
pressure of approximately 70 to 75 bar.

Th e saturated steam is conducted through steam separators and a steam 
dryer located within the pressure vessel to a high-pressure turbine, an in-
termediate reheater and low-pressure turbines. Th e turbines are connect-
ed by a shaft  to a generator that produces electricity.

Th e steam coming from the low-pressure turbines is conducted to a con-
denser, in which it is condensed into water using sea water cooling. Th ere 
is underpressure in the condenser, meaning that in the case of a leak, sea 
water will leak into the process, not vice versa. From the condenser, the 
water is pumped through pre-heaters back to the reactor.
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Figure 7–1 The operating principle of a boiling water reactor plant.

1.2. Pressurised water reactor plant

Also in a pressurised water reactor (PWR) plant, fuel heats water but the 
reactor circuit is maintained at such a high pressure that the water will 
not boil. Th e pressure in the reactor is typically approx. 150 bar and the 
temperature is approx. 320 °C.

Th e pressurised water generates steam in separate heat exchangers belong-
ing to the primary circuit, also known as steam generators, from where 
the water is pumped back into the reactor. Th e steam circulates in the 
secondary circuit, driving the turbines and generator.

Figure 7–2 The operating principle of a pressurised water reactor plant.
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2. TECHNICAL DATA

Table 7-1 below presents some technical data on the prospective power 
plant unit. Th e fi gures are preliminary.

Table 7–1 Preliminary technical data on the plant unit.

Th e planned technical service life of the plant unit is approximately 
60 years.

3. PLANT ALTERNATIVES INVESTIGATED

Jointly with nuclear power plant suppliers, TVO has investigated the fea-
sibility of certain plant alternatives for being built in Finland. Th e investi-
gations have shown that there are several plant alternatives available that 
can be implemented in a way that complies with the Finnish safety re-
quirements, that are advanced by international comparison.

Other types of light water reactors beside those included in the feasibility 
studies so far may also come into question when choosing the plant alter-
native to be implemented.

Th e plant alternatives included in the feasibility studies are presented in 
Table 7–2 below in an alphabetical order by reactor type.

Table 7–2 Plant alternatives investigated.
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Quantity Value and unit

Electric power approx. 1,000 to 1,800 MW
e

Thermal power 2,800 to 4,600 MW

Overall effi ciency approx. 35 to 40%

Fuel Uranium dioxide UO
2

Consumption of uranium fuel approx. 20 to 40 tonnes/year

Average degree of enrichment approx. 2 to 5% U-235

Uranium content of reactor approx. 100 to 150 tonnes

Annual electricity production approx. 8 to 14 TWh

Need for cooling water approx. 40 to 60 m3/s

Reactor type Name Manufacturer Country of origin Electrical power MW

BWR ABWR Toshiba-
Westinghouse

Japan, Sweden Approx. 1,650

ESBWR GE Hitachi United States Approx. 1,650

PWR APR 1400 Korea Hydro & 
Nuclear Power 

South Korea Approx. 1,450

APWR Mitsubishi 
Heavy Industries

Japan Approx. 1,650

EPR AREVA France, Germany Approx. 1,650

OL4_PAP_eng_FINAL.indd   56OL4_PAP_eng_FINAL.indd   56 5/30/08   2:12:18 PM5/30/08   2:12:18 PM



Th e designs of the investigated plant alternatives are advanced in compar-
ison with the plants that are currently in operation. A signifi cant new fea-
ture in the investigated plant alternatives is that so-called severe accident 
management has been taken into account in their design from the very 
beginning. In these extremely unlikely accidents, the reactor core is as-
sumed to suff er severe damage (meltdown). Th e design of all of the plant 
alternatives also includes provisions for a large airliner crash.

Th e plant alternatives include so-called evolutionary plant types based on 
existing plants, as well as new passive plant types, the safety features of 
which are more extensively based on solutions known as passive. Th e op-
eration of passive equipment and systems is based on laws of nature, such 
as gravity, and various degrees of independence from external power.

In addition to safety, the design of the plant alternatives pays special at-
tention to economy. Structural solutions have been simplifi ed in order to 
reduce investment costs. A shortened construction schedule has also been 
one of the crucial objectives. In order to ensure problem-free operation, 
all of the plant alternatives share the aim of using equipment based on 
proven technology in systems essential to the production of electricity.

In the following, short descriptions of each plant alternative are provided 
in alphabetical order. Th e following basic information is presented for 
each plant alternative:

- reactor type, boiling or pressurised water reactor
- manufacturer and country of origin
- design approach, either evolutionary or passive
- approximate thermal power of the reactor
- approximate net electric output of the plant
- number of steam generator circuits for pressurised water reactors

Furthermore, the principles of implementation of the following safety 
functions are briefl y described for each alternative:

- reactor shutdown
- decay heat removal from the reactor
- emergency core cooling
- decay heat removal from the containment building
- severe accident management

More detailed descriptions of the plant alternatives will be submitted to 
the Radiation and Nuclear Safety Authority (STUK) for safety assess-
ment.
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3.1. ABWR

3.1.1. Basic information

Th e ABWR boiling water reactor plant by Toshiba of Japan represents the 
evolutionary approach but also includes some passive safety systems. Th e 
United States Nuclear Regulatory Commission granted type approval (de-
sign certifi cation) for ABWR in 1997. Th ere are three ABWR plant units 
in operation in Japan. Th e most recent of these, Hamaoka-5, is the refer-
ence for the version planned for Finland and has been developed further 
to account for Finnish safety requirements.

Th e thermal power of the reactor in the plant alternative is approximately 
4,300 MW. Th e net electric output of the plant is approximately 1,650 MW.

3.1.2. Safety functions

Reactor shutdown

One passive system is available for reactor shutdown, based on hydraulic 
insertion of the control rods into the reactor. Furthermore, there is one 
active system that inserts the control rods into the core using electric mo-
tors, and another active system that is based on pumping boron solution 
into the reactor. Each of these systems alone is able to safely shut down 
the reactor in connection with all anticipated operational transients, tak-
ing a single failure into account.

Decay heat removal from the reactor under normal operating pressure

An isolation condenser is available for decay heat removal from the reac-
tor. It consists of four heat exchangers and makes it possible to remove de-
cay heat without having to remove any coolant from the reactor. Further-
more, there is an active high-pressure makeup water system with three 
parallel independent subsystems each having 100 per cent capacity.

Emergency core cooling

An active low-pressure emergency cooling system is available for emer-
gency core cooling. It consists of three parallel independent subsystems 
each with 100 per cent capacity. In some situations, the operation of the 
low-pressure emergency core cooling system will additionally require re-
duction of reactor pressure, and to implement this, eight of the reactor’s 
eighteen relief and safety valves will contribute to the automatic depres-
surization function as necessary.
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Decay heat removal from the containment building

Th ere is an active system for the removal of decay heat from the contain-
ment building, comprising three redundant and independent subsystems 
each having 100 per cent capacity.

If steam is released into the containment building, for example in case 
of leaks in the reactor circuit, the rise of pressure and temperature in 
the containment can also be limited using a passive containment cool-
ing system. It comprises four heat exchangers that are connected to the 
upper drywell section of the containment. Th e steam in the containment 
will fi nd its way to the heat exchangers in which it is condensed, and the 
released heat is conducted to a water pool outside the containment. Th e 
condensate resulting from the steam is conducted back to the contain-
ment.

Severe accident management

Severe accident management is based on cooling the molten core mate-
rial discharged from the reactor at the bottom of the containment. For 
this purpose, a so-called core catcher is designed for the containment that 
ensures the coolability of the molten core and prevents it from getting 
into direct contact with the pressure-bearing parts of the containment. In 
order to ensure cooling, the space below the reactor pressure vessel is au-
tomatically fl ooded by draining water from the condensation pool. Flood-
ing will be triggered automatically by a signal indicating a rupture of the 
pressure vessel. A separate depressurization system exists for keeping the 
reactor pressure low in connection with a severe accident. Its valves are 
designed to stay reliably open also in conditions corresponding to a se-
vere accident.

With regard to its volume and pressure resistance, the containment is de-
signed so that the amount of hydrogen generated in complete oxidation of 
the zirconium inventory of the core can be retained within the contain-
ment building. In the long term, the pressure in the containment building 
can be reduced by releasing non-condensable gases into the environment 
through a fi ltered venting system. Th is can be done in a controlled man-
ner at a suitable time because containment pressure can be managed us-
ing the passive containment cooling system referred to above.

3.2. ESBWR

3.2.1. Basic information

ESBWR is a passive boiling water reactor plant by the American company 
General Electric Hitachi. Th e passivity is not limited to safety functions 
but also the circulation of coolant and the transfer of heat released in the 
fuel out of the reactor are based on natural circulation.
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No plant units of this type are in operation or under construction at 
present but a combined construction and operating licence application for 
one ESBWR unit is currently pending approval by the US Nuclear Regu-
latory Commission. GE has also initiated actions to obtain type approval 
for the plant alternative from the US NRC.

Th e ESBWR reactor has a thermal power of approximately 4,500 MW and 
a net electric output of approximately 1,650 MW.

3.2.2. Safety functions

Reactor shutdown

For the purpose of reactor shutdown, there is a passive system typical of 
boiling water reactor plants based on inserting the control rods into the 
core from below using pressurised nitrogen and water. Th e operation of 
hydraulic scram is supplemented in the normal manner through active 
electromechanical insertion of the control rods.

If, for any reason, the control rods could not be moved at all, rapid shut-
down of the reactor is also possible using a passive boron system com-
prising two circuits. Both circuits have a tank containing boron solution, 
the contents of which can be injected into the reactor using pressurised 
nitrogen gas. Each of the subsystems alone is able to bring the reactor to 
hot shutdown state.

Each of the three above mentioned systems alone is able to safely shut 
down the reactor in all anticipated situations where scram is needed.

Decay heat removal from the reactor under normal operating pressure

Decay heat removal from the reactor under normal operating pressure 
primarily takes place using isolation condensers. Th e isolation condensers 
comprise four parallel independent heat exchanger circuits, at least three 
of which are required to operate in accordance with the design bases for 
the system. Furthermore, each of the separate circuits is separately toler-
ant against single failure with regard to active functions (the opening of 
valves).

Th e system capacity together with reactor properties (large amount of wa-
ter, large steam volume) is suffi  cient to limit the increase in reactor pres-
sure at the closure of the steam line isolation valves so that not a single 
relief or safety valve needs to open.

Decay heat removal from the reactor at high pressure is also possible us-
ing the shutdown reactor cooling system that is originally categorised as 
an operating system. Th is system is also used for bringing the reactor to 
cold shutdown state. Th e system has two parallel branches, one of which 
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is suffi  cient to remove the decay heat generated by the reactor at normal 
operating pressure.

Emergency core cooling

Th e operation of the low-pressure emergency core cooling system, which 
is categorised as a safety system, is based on gravitational draining of wa-
ter from pools in the containment into the reactor. Th e system comprises 
four parallel circuits, each of which is further divided into two trains. Th e 
design basis for the system is a situation in which one subsystem has a 
pipe rupture preventing operation, and one of the two trains of another 
subsystem has a valve fault preventing operation. Th e system is started 
by blasting open a closing valve of the rupture disk type located in the 
pipeline.

Th e operation of the low-pressure emergency core cooling system requires 
rapid reduction of reactor pressure. A total of 10 of the reactor’s 18 nor-
mal relief and safety valves contribute automatically to this function. Th e 
steam released through these valves is conveyed to the condensation pool. 
Furthermore, there are eight depressurization valves that have no other 
tasks beside the automatic depressurization. Th e release from these valves 
is directed into the upper drywell section of the containment.

At low reactor pressure, emergency core cooling can also be achieved 
using a system consisting of two parallel circuits with 2 x 100 per cent 
capacity that is originally categorised as an operating system. However, 
start-up of the system requires manual action by the operators. Th e sys-
tem gets water from the condensation pool in the containment.

If the leak in the reactor circuit is minor, the required additional makeup 
water can also be obtained from the control rod drive hydraulic system 
categorised as an operating system. Th e system is able to pump water in-
to the reactor at full operating pressure but its capacity is only suffi  cient 
to compensate for relatively small leaks. Th e system gets water from the 
feedwater storage tank.

Decay heat removal from the containment building

Decay heat removal from the containment building can take place in a 
completely passive manner in situations where the decay heat generated 
by the reactor can be transferred to the gas plenum of the containment 
building as steam. Th e steam can be condensed in six heat exchangers, 
which can be put into use in a completely passive manner without the op-
eration of any active device. From the heat exchangers, the heat is trans-
ferred to water pools outside the containment, and ultimately as steam to 
the environment. Th e volume of water in the pools is suffi  cient for decay 
heat removal for 72 hours without replenishment.
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Heat can also be removed from the condensation pool using an active sys-
tem comprising two subsystems that is categorised as an operating system 
and also caters to the task of cooling the fuel pools. Th e system can also 
be used for emergency cooling of the core at low reactor pressure as de-
scribed above in the section concerning emergency core cooling. Cooling 
the containment to a temperature less than 100 °C requires the operation 
of an active system.

Severe accident management

Severe accident management is based on cooling the molten core mate-
rial in the containment. For this purpose, the space below the reactor is 
equipped with a core catcher. Flooding of the core catcher will be trig-
gered automatically by a signal indicating a rupture of the pressure ves-
sel. Th e water used for fl ooding comes from the same tanks used for low-
pressure emergency core cooling. Th e pipelines used for fl ooding are also 
partially shared with the passive low-pressure emergency cooling system.

Th e passive containment cooling system referred to above is also able to 
operate in the conditions of severe accidents and prevent the containment 
pressure from exceeding the design limit of the building due to decay 
power.

Melt-through of the reactor pressure vessel at high pressure can be pre-
vented using the eight depressurization valves mentioned above in the 
section describing emergency core cooling. Th e valves are actually a type 
of blind fl ange that is opened by blasting. Such valves will thereaft er re-
main open in all conditions.

3.3. APR 1400

3.3.1. Basic information

APR 1400 is a pressurised water reactor plant of the evolutionary type 
jointly designed by the Korean companies KHNP/KOPEC/DOOSAN. It 
is based on the System 80+ concept developed by the American company 
Combustion Engineering. Th e fi rst four plants of this type are under con-
struction in South Korea, with scheduled commissioning between 2013 
and 2016.

APR 1400 has two steam generator circuits. Both steam generator circuits 
have two parallel cold legs and two reactor coolant pumps. Th e thermal 
power of the reactor is 4,000 MW, and the net electric output of the plant 
is approximately 1,450 MW.
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3.3.2. Safety functions

Reactor shutdown

Th ere is a reactor shutdown system, based on dropping the control rods 
into the core, which is typical in pressurised water reactors. Reactor shut-
down can also be ensured by pumping borated water into the reactor us-
ing the high-pressure emergency cooling system. Furthermore, according 
to the original design, the boron concentration in the reactor water can 
be increased by using the normal system for chemical and volume control 
of the primary circuit.

Decay heat removal from the reactor under normal operating pressure

An emergency feedwater system having 4 x 100 per cent capacity is avail-
able for decay heat removal from the steam generators. Two subsystems 
have electrical pumps, while two have pumps operated by steam turbines.

Emergency core cooling

Th ere are four parallel trains for emergency cooling of the reactor, each of 
them containing a high-pressure emergency cooling system and a pres-
sure accumulator. Th e water from the pressure accumulators will be re-
leased into the reactor in a completely passive manner once pressure has 
dropped suffi  ciently due to a leak in the primary circuit, for example. Th e 
pressure accumulators are equipped with fl ow limiters that release the 
water contained in the accumulators in a controlled manner and make 
it last longer. Th is has allowed the exclusion of a separate low-pressure 
emergency cooling system from the plant concept. Naturally, the high-
pressure emergency cooling system is also able to operate at low reactor 
pressure.

An advanced feature of the emergency core cooling system is that all 
emergency cooling water is injected directly into the reactor pressure ves-
sel through four nozzles. Th is improves the effi  ciency of emergency core 
cooling particularly in connection with accidents involving leaks from 
the cold legs.

Th ere are four parallel relief lines available for reducing primary circuit 
pressure. Th e released steam is conducted to the emergency cooling water 
storage pool in the containment, in which it will be condensed.

Th e combined capacity of the parallel trains of the emergency cooling 
system described above will be suffi  cient to ensure the cooling of the core 
also in case of a major pipe rupture in the primary circuit even if one sub-
system has a single failure preventing operation and another is simultane-
ously inoperable due to maintenance or repair.
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An active decay heat removal system consisting of two parallel circuits is 
available at low pressures and temperatures.
 
It can be used to transfer heat from the primary coolant to the ultimate 
heat sink. At low reactor pressures, the system can be connected to the 
containment spray system by operator action, which allows the pumping 
of water from the emergency cooling water storage pool into the reactor 
to supplement the emergency core cooling function.

Decay heat removal from the containment building

A containment spray system is available for decay heat removal from 
the containment. Th e system has two separate circuits with two parallel 
pumps in each. If desired, the system can be connected to directly cool the 
primary circuit and, correspondingly, the pumps within the decay heat 
removal system can be connected to spray the containment as necessary.

Severe accident management

Severe reactor accidents have been taken into account in the containment 
building design. Th e space below the reactor pressure vessel is designed 
to ensure the best possible spreading of molten core material discharged 
from the pressure vessel into a layer that can be cooled down. Th e fl oor 
area of the space below the pressure vessel is 0.02 m2 per thermal mega-
watt of rated reactor power. Th e space below the pressure vessel will be 
fl ooded as necessary by draining water to the space from the emergency 
cooling water storage pool. Th ere are two parallel lines for draining. In 
the space below the reactor pressure vessel, the steel liner ensuring the 
tightness of the containment is covered with a protective layer of concrete 
of at least 90 cm thickness in order to prevent the molten core material 
discharged from the pressure vessel from damaging the steel liner.

A primary circuit depressurization system is available for reducing reac-
tor pressure and maintaining it at a low level in connection with severe 
accidents.

Th e containment spray system mentioned above is available for decay heat 
removal from the containment aft er a severe accident.

Th e containment building is dimensioned so that the amount of hydrogen 
released in complete oxidation of the zirconium inventory of the core can 
be retained within the containment building. Th e hydrogen concentra-
tion and the pressure of non-condensable gases are regulated by control-
led combustion of hydrogen using catalytic recombiners as well as igniters.
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3.4. APWR

3.4.1. Basic information

APWR is a pressurised water reactor plant of the evolution type designed 
by Mitsubishi Heavy Industries Limited (MHI) of Japan. It is based on 
four-circuit PWR plants previously delivered by MHI. Th e APWR plant 
type is not yet in operation or under construction but the licensing proc-
ess for two plant units is underway in Japan.

APWR has four steam generator circuits. Th e thermal power of the reac-
tor is 4,450 MW, and the net electric output of the plant is approximately 
1,650 MW.

3.4.2. Safety functions

Reactor shutdown

Th ere is a reactor shutdown system, based on dropping the control rods 
into the core, which is typical in pressurised water reactors. Th e reac-
tor can be shut down independent of the control rods by increasing the 
boron concentration in the reactor water by using the normal system for 
controlling the primary circuit chemistry and water volume.

Furthermore, the primary circuit pressure can be rapidly reduced using a 
separate depressurization system. In this case, the emergency core cool-
ing system will automatically start to pump heavily borated emergency 
cooling water into the reactor, which will shut it down.

Decay heat removal from the reactor under normal operating pressure

Th ere is an active emergency feedwater system for the removal of decay 
heat from the primary circuit through the steam generators, comprising 
four parallel independent subsystems each having 50 per cent capacity. 
Two of these are equipped with electric pumps and two with pumps oper-
ated by steam turbines.

Emergency core cooling

Th ere are four parallel trains for emergency core cooling, each of them 
containing a high-pressure emergency cooling system and a pressure ac-
cumulator. Th e water from the pressure accumulators, which fulfi l the 
single failure criterion, will be released into the reactor in a completely 
passive manner once pressure has dropped to the release limit due to a 
leak in the primary circuit, for example. Th e pressure accumulators are 
equipped with fl ow limiters that release the water contained in the accu-
mulators in a controlled manner and make it last longer. Th is has allowed 
the exclusion of a separate low-pressure emergency cooling system from 
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the plant concept. Th e high-pressure emergency core cooling system is 
also able to operate at low reactor pressure.

An advanced feature of the emergency cooling system is that the high-
pressure emergency cooling system pumps its water directly into the reac-
tor pressure vessel through four nozzles. Th e water contained in the pres-
sure accumulators is released into the cold legs of the primary circuits.

Th ere are two parallel relief lines categorised as safety systems for reduc-
ing the pressure in the primary circuit, each having 100 per cent capacity 
with regard to successful emergency core cooling.

Th e combined capacity of the parallel trains of the emergency core cool-
ing system described above will be suffi  cient to ensure the cooling of the 
core also in case of a major pipe rupture in the primary circuit even if one 
subsystem has a single failure preventing operation and another is simul-
taneously inoperable due to maintenance or repair.

An active decay heat removal system, which constitutes a combined decay 
heat removal and containment spray system, is available at low pressures 
and temperatures. It can be used to transfer heat from the primary circuit 
coolant to the ultimate heat sink. Th is system comprises four parallel and 
independent subsystems, each with 50 per cent capacity. Depending on 
the situation, the system can be used to cool either the primary circuit or 
the emergency core cooling water pool located in the containment. At low 
reactor pressure, the system can also be connected to pump water from 
the emergency cooling water pool into the reactor by operator action, 
which will supplement the reactor emergency cooling function.

Decay heat removal from the containment building

Th e combined decay heat removal and containment spray system men-
tioned above is available for decay heat removal from the containment 
building. Th e system comprises four parallel and independent subsystems, 
each with 50 per cent capacity. Th e system can be used to cool the emer-
gency core cooling water pool located in the containment by circulating 
water in the pool through heat exchangers. Th e containment atmosphere 
can also be cooled by spraying water into it through fi ne spray nozzles. 
Th e sprayed water fl owing back will transfer heat from the atmosphere to 
the emergency core cooling water storage pool.

Severe accident management

Severe reactor accidents have been taken into account in the containment 
design. Th e space below the reactor pressure vessel is designed to ensure 
the best possible spreading of molten core material discharged from the 
pressure vessel into a layer that can be cooled down. Th e spreading area 
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will be fl ooded with water as necessary using the extinquishing water sys-
tem. In the space below the reactor pressure vessel, the steel liner ensur-
ing the tightness of the containment is covered with a protective layer of 
concrete in order to prevent the molten core material discharged from the 
pressure vessel from damaging the steel liner.

A completely dedicated primary circuit depressurization line is available 
for reducing reactor pressure and maintaining it at a low level in connec-
tion with severe accidents.

For decay heat removal from the containment aft er a severe accident, 
there is an active system separate from the containment spray system re-
ferred to above. It condenses steam from the containment atmosphere us-
ing intermediate circuit water circulating in special cooling spirals. From 
the intermediate circuit, the heat is removed to the atmosphere through 
another set of cooling spirals using the natural circulation of air.

Th e containment building is dimensioned so that the amount of hydrogen 
released in complete oxidation of the zirconium inventory of the core can 
be retained within the containment building. Th e hydrogen concentra-
tion and the pressure of non-condensable gases are regulated by active 
controlled combustion of hydrogen using igniters.

3.5. EPR

3.5.1. Basic information

EPR is an evolution type plant originally designed by Nuclear Power In-
ternational, which was originally a joint venture of the French company 
Framatome and the German company Siemens KWU. It is based on the 
most recently commissioned pressurised water plants in both countries. 
Th ese are called type N4 in France and type Konvoi in Germany.

EPR has four steam generator circuits. Th e thermal power of the reactor is 
4,590 MW, and the net electric output of the plant unit is approximately 
1,650 MW.

Th e nuclear power operations of Framatome and Siemens, including NPI, 
currently belong to the AREVA Group.

3.5.2. Safety functions

Reactor shutdown

Th ere is a reactor shutdown system, based on dropping the control rods 
into the core, which is typical in pressurised water reactors. Another rapid 
shutdown system independent of the control rods is an active emergency 
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boration system with two redundant and independent subsystems, each 
having 50 per cent capacity. Th is system is also capable of safely shutting 
down the reactor in all anticipated operational transients.

Decay heat removal from the reactor under normal operating pressure

Th ere is an active emergency feedwater system for the removal of decay 
heat from the primary circuit through the steam generators, comprising 
four parallel independent subsystems each having 50 per cent capacity.

Emergency core cooling

Th ere are four parallel trains for emergency core cooling of the reactor, 
each comprising a so-called intermediate-pressure emergency cooling 
system (operating range below 80 bar), a pressure accumulator and a low-
pressure emergency cooling system. Th ere are three parallel relief lines 
for reducing the pressure in the primary circuit, each having 100 per cent 
capacity with regard to successful emergency cooling.

Th e combined capacity of the parallel trains of the emergency core cool-
ing system described above will be suffi  cient to ensure the cooling of the 
core also in case of a major pipe rupture in the primary circuit even if one 
subsystem has a single failure preventing operation and another is simul-
taneously inoperable due to maintenance or repair.

At low pressures and temperatures, an active decay heat removal system 
is available for transferring heat from the primary circuit coolant to the 
ultimate heat sink. Th is system comprises four parallel and independent 
subsystems, each with 50 per cent capacity.

Decay heat removal from the containment building

Th ere is an active system for the removal of decay heat from the contain-
ment building comprising four parallel and independent subsystems, each 
having 50 per cent capacity.

Severe accident management

Severe reactor accidents have been taken into account in the containment 
design. Th e space below the reactor pressure vessel is designed to ensure 
the best possible spreading of molten core material discharged from the 
pressure vessel into a layer that can be cooled down. Th e spreading area 
will be fl ooded with water by a passively initiated function. A completely 
separate 1 x 100 per cent primary circuit depressurization line is available 
for reducing reactor pressure and maintaining it at a low level in connec-
tion with severe accidents. It is redundant in terms of active components 
(valves).
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Th ere is an independent active system for removing decay heat from the 
containment building aft er a severe reactor accident, comprising two in-
dependent subsystems with 100 per cent capacity in each.

Th e system can also be used for cooling down the structures below the 
reactor pressure vessel, thus facilitating the cooling of the molten core 
material.

Th e containment building is dimensioned so that the amount of hydrogen 
released in complete oxidation of the zirconium inventory of the core can 
be retained within the containment building. Th e hydrogen concentra-
tion and the pressure of non-condensable gases are regulated by means of 
passive, catalytic recombination of hydrogen and oxygen.
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1. GENERAL PRINCIPLES

In accordance with the Nuclear Energy Act, the starting point for the 
design, construction and operation of a nuclear power plant is that the 
plant must be safe and it shall not cause injury to people or damage to the 
environment or property. Th is is complied with through precautionary 
measures in design and construction, functions protecting the plant in 
cases of disturbance and damage, as well as functions limiting the conse-
quences of accidents.

Th e new nuclear power plant unit must fulfi l the currently valid safety 
requirements in Finland, the general principles of which are included in 
existing Council of State’s Decisions and Decrees currently in preparation. 
Detailed safety requirements are presented in the YVL guides published by 
the Radiation and Nuclear Safety Authority. Th is appendix describes how 
the appropriate safety principles are going to be applied in the venture.

2. DECISIONS/DECREES OF COUNCIL OF STATE

Th e design, construction and operation of the nuclear power plant shall be 
implemented in accordance with the Decision of Council of State on the 
general regulations for the safety of nuclear power plants (VNP 395/91). 
Th e contents of and compliance with the safety principles specifi ed in 
the Council of State’s Decision are discussed in more detail in Section 4 
below.

Th e arrangements to prevent unlawful actions against the nuclear power 
plant shall be implemented in accordance with the Council of State’s De-
cision on the general regulations for physical protection of nuclear power 
plants (VNP 396/91). Th is will be realised by extending the security ar-
rangements of the existing plant units to cover the new plant unit. Th e 
security arrangements will be discussed in more detail when applying for 
the construction and operating licences.

Th e arrangements to limit nuclear damage within the nuclear power 
plant and its area shall be implemented in accordance with the Council 
of State’s Decision on the general regulations for emergency response ar-
rangements at nuclear power plants (VNP 397/91). Th is will be complied 
with by extending the emergency response arrangements of the existing 
plant units to cover the new plant unit. Th e emergency response arrange-
ments will be discussed in more detail when applying for the construc-
tion and operating licences.

Th e Council of State’s Decisions referred to above are being revised, and 
the designation will change to Council of State Decree. Once the Council 
of State’s Decrees have entered into force, they will be complied with cor-
respondingly to the present compliance with Council of State’s Decisions.
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3. YVL GUIDES

Th e YVL guides published by the Radiation and Nuclear Safety Authority 
form a comprehensive set of regulations that provides detailed specifi ca-
tions of the level of safety required of nuclear power plants in Finland.

Th e nuclear power plant’s compliance with the requirements set forth in 
the YVL guides is proven by means of safety analyses that examine the 
behaviour of the plant in connection with disturbances and accidents. 
Th e safety analyses are presented to the authorities in connection with 
the plant’s preliminary safety analysis report when applying for a con-
struction licence. Th e fi nal safety analysis report supplements the safety 
analyses with the eff ects of details associated with the construction of the 
plant. Th e fi nal safety analysis report will be presented to the authorities 
when applying for an operating licence.

4. COMPLIANCE WITH SAFETY PRINCIPLES

4.1. GENERAL PRINCIPLES

4.1.1. General objective

Th e general objective is to ensure nuclear power plant safety so that nu-
clear power plant operation does not cause radiation hazards that could 
endanger the safety of workers or the population in the vicinity or could 
otherwise harm the environment or property.

Th is Appendix discusses how safety is ensured. Th e radiation exposure of 
employees during operation will be discussed in more detail when apply-
ing for the construction and operating licences. Th e environmental im-
pact is discussed in Appendix 12.

4.1.2. Safety culture

A good safety culture shall be maintained when designing, constructing 
and operating a nuclear power plant. Th e management of the organisa-
tion in question shall, by virtue of its decisions and actions, demonstrate 
its commitment to safety-promoting procedures and solutions. Th e per-
sonnel shall be motivated for responsible work, and an open atmosphere 
encouraging the identifi cation, reporting and elimination of safety-
endangering factors shall be promoted in the working community. Th e 
personnel shall have an opportunity to contribute to the continuous im-
provement of safety.

Th e maintenance and development of a good safety culture is aff ected 
by the attitudes and operating practices of all the parties involved in the 
nuclear power plant venture, including suppliers at various levels, the 
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power company and the regulatory authority. A good safety culture re-
quires that factors aff ecting safety must be identifi ed and that safety must 
be given priority in all situations where decisions must be made between 
safety and other factors, such as those related to fi nances, scheduling and 
production.

TVO observes the characteristics defi ned by the International Atomic 
Energy Agency (IAEA) as the criteria for assessing good safety culture. 
TVO has procedures in place for investigating and developing the state 
of the safety culture. Examples of this include the extensive self-assess-
ments of safety culture carried out in 2004 and 2007. TVO monitors the 
atmosphere of the organisation through regular job satisfaction surveys 
and also carries out other surveys to support the development of the or-
ganisation.

All parties involved in the nuclear power plant venture are required to 
have clear targets and principles defi ned and confi rmed by the highest lev-
els of management; when operating in accordance with these, all factors 
aff ecting safety will receive the attention called for by their signifi cance 
to safety. TVO aims at avoiding deviations in all sectors. Th is objective of 
zero tolerance shall be put into practice across all functions and organisa-
tions in the most comprehensive manner. Th e parties are required to have 
a quality/operations management system that supports and promotes 
the realisation of the characteristics of a good safety culture in practical 
operations.

TVO has a system for reporting deviations and near miss incidents. An 
incident report, special report or root cause investigation is prepared for 
the most signifi cant incidents in terms of the development of safety or 
operations. TVO uses a variety of indicators to monitor the state of oc-
cupational safety; for example, the OL3 construction site uses the TR in-
dex indicating the level of occupational safety. All TVO employees and 
subcontractors are required to have a valid occupational safety card and 
regularly repeated introductory training. Furthermore, training related 
to safety and the safety culture is arranged regularly, and attendance is 
supervised.

4.1.3. Quality management

A quality management system is prepared for the construction and oper-
ating stages of the nuclear power plant venture, and one of the subareas 
is quality assurance. Th e quality management system for the construc-
tion stage, which also covers the design stage, will be presented to the 
authorities for approval when applying for a construction licence for the 
plant. Th e quality management system for the operating stage shall be 
presented when applying for an operating licence. Quality management 
programmes shall be prepared in accordance with the requirements of 
YVL Guide 1.4.
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In addition to the applicant’s comprehensive quality management system 
covering the entire design and construction stage of the nuclear power 
plant venture, the main supplier of the plant unit and the fuel supplier 
will prepare separate quality management systems covering their opera-
tions. In addition to these, all organisations involved in the design, man-
ufacture, installation and commissioning of objects aff ecting the plant’s 
safety are required to have their own quality management systems cover-
ing their operations associated with the nuclear power plant venture.

At the operating stage, the quality management and assurance procedures 
will be arranged by observing the same principles applicable to the opera-
tion of the existing nuclear power plant units. Th e new plant unit will be-
come part of TVO’s activity based management system that covers all the 
nuclear facilities and functions located at the plant site.

All of the basic requirements for quality assurance stated in the YVL 
guides will be observed when preparing the quality management sys-
tems. Th e requirements set in the quality management system shall be 
categorised in accordance with their safety signifi cance so that the strict-
est requirements will apply to the products or functions most important 
to nuclear and radiation safety. Furthermore, requirements set forth in 
generally used quality management standards will be taken into account 
in the preparation of the quality management system.

4.1.4. Demonstration of compliance with safety regulations

Accident analyses and probabilistic safety analyses shall be carried out for 
the purpose of justifying the safety of the nuclear power plant and the 
technical solutions employed in its safety systems.

Analyses are used to prove the plant’s ability to overcome various distur-
bances and accidents with suffi  cient safety. Th e analyses deal with events 
that provide the best possible coverage of diff erent types of disturbances 
and accidents in terms of their nature and severity. Th e course of distur-
bances and accidents is estimated starting from the initiating event that 
triggers the situation and ending in a safe and stable state.

Th e preliminary safety analysis report submitted to the authorities in con-
nection with the potential application for construction licence includes 
analyses of anticipated operational transients, postulated accidents used 
as design bases for the safety systems and so-called severe accidents. Dif-
ferent acceptance criteria have been defi ned for diff erent classes of events 
in relation to the loads on the fuel cladding, pressure-bearing primary 
circuit and reactor containment building, as well as in relation to the 
environmental impact of the event. Th ese requirements are described in 
Sections 4.2.1 to 4.2.5 of this Appendix. Th e safety analyses prove the ful-
fi lment of these criteria.
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Th e analyses are carried out using calculation programmes whose ap-
plicability to modelling the phenomena in question has been proven, for 
example, by comparing the calculated results with measurement data ob-
tained from model or plant tests.

Probabilistic safety analyses are also used to support the design of the 
plant unit and its safety systems. Th ey will comprehensively account for 
operating experience from our own plants and other plants. Th e probabi-
listic models start with a wide range of identifi ed disturbances (so-called 
initiating events) and examine the operation of the plant unit’s safety sys-
tems in the event of those disturbances. Th e probabilistic models account 
for the frequency of the initiating events, single failures of systems and 
equipment, common-cause failures, as well as actions by plant personnel, 
including any human error. Probabilistic safety analysis is used to calcu-
late the combined risk eff ect of all identifi ed initiating events, rank the 
factors aff ecting nuclear safety in an order of importance and ensure bal-
anced design of the plant unit in terms of safety. A preliminary probabil-
istic safety analysis will also be submitted for inspection and approval by 
the authority as an attachment to the potential application for construc-
tion licence.

4.2. Design requirements for ensuring nuclear safety

4.2.1. Levels of protection

Prevention of disturbances

Th e so-called defence in depth principle is observed in the design of a nu-
clear power plant unit to ensure its safety. According to the principle, the 
aim is to block the progress of a disturbance at several successive levels. 
For both the safety and operating availability of the plant unit, it is the 
most preferable if the disturbance can be completely prevented. Th us the 
application of high quality requirements in the design, construction and 
operation of the plant unit is essential in order to prevent operating dis-
turbances and accidents.

Th e principle of defence in depth also requires that the plant unit be de-
signed and constructed so that its physical and technical properties coun-
teract the development of disturbances. One of the most important design 
requirements for the reactor is that it must inherently resist all changes in 
reactor power. Th is has been achieved by designing the reactor so that the 
expansion of vapour volume in the coolant or an increase in the coolant 
temperature increases the leakage of neutrons out of the core, which low-
ers reactivity and mitigates the increase of power. Increases in the tem-
perature of the uranium fuel itself also lower the reactivity. A correctly 
designed and dimensioned reactor is inherently stable with regard to mi-
nor power disturbances.
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Inherent stability alone is not enough for satisfactory resistance against 
disturbances with regard to operation of the plant unit. Th erefore the 
plant alternatives are equipped with control systems, the most impor-
tant of these being the systems for regulating the water level in the reac-
tor (BWR) or steam generator (PWR), as well as the reactor pressure and 
power. Th e task of the control systems is to eliminate small disturbances 
in the operating conditions of the plant so that their impact on plant unit 
operation and production is minimised.

Reactor protection system and anticipated operational transients

If a disturbance in the operating conditions of the plant unit is major 
enough, the inherent properties of the reactor and the control systems 
are not enough to eliminate its impact on plant unit operation. In this 
case, the reactor protection system must shut down the reactor in order 
to prevent the disturbance from developing into an accident. Most distur-
bances involving rapid reactor shutdown belong to the class of so-called 
anticipated operational transients. Anticipated operational transients are 
defi ned as events with a probability of one or more occurrences in a pe-
riod of 100 operating years.

Th e aim is to design the reactor protection system so that in most distur-
bances, rapid shutdown, also known as scram, is triggered on at least two 
conditions which are independent of each other. Th is way, failure in a sin-
gle scram condition does not prevent the protection system from working 
appropriately.

Safety systems at the plant unit and postulated accidents

In some cases the disturbance as such may be so major that reactor shut-
down alone is not enough to stop its development. In the case of such 
a postulated accident, it is the task of the plant unit’s safety systems to 
ensure fuel coolability and primary circuit integrity. Ensuring fuel cool-
ability means that the fuel must not melt or be dislocated. Th e tasks of the 
safety systems include, among others, reactor overpressurization protec-
tion, emergency cooling and removal of decay heat.

Th e safety assessments of the plant alternatives include an analysis of the 
following postulated accidents: breaks of the major pipelines in the pri-
mary circuit and a reactivity accident (control rod dropping or ejection). 
Th e overpressurization protection analyses can also be equated with the 
design basis accident analyses. Furthermore, in its most recent guidelines, 
the Radiation and Nuclear Safety Authority has required that anticipated 
operational transients where reactor scram does not work must be equat-
ed with accidents. Postulated accidents also include the so-called design 
basis accidents on which the dimensioning of safety systems is based. 
Compare Section 4.2.3.
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Severe reactor accidents

If an improbable multiple fault prevents the appropriate operation of the 
protection or safety systems during a disturbance, this may cause severe 
damage to the core. In this case, the defence in depth principle involves 
the pressure-bearing boundary of the containment building, the tightness 
of which will be ensured.

Th e measures for controlling severe accidents ensure the integrity of the 
containment building discussed in more detail in Section 4.2.2, slow 
down the increase of pressure within the containment building and, fi -
nally, if necessary, allow a controlled release through a fi ltered venting 
system. Severe accident management is discussed in more detail below in 
Section “Ensuring containment building integrity”.

4.2.2. Technical barriers for preventing the dispersion of radioactive materials

Dispersion of radioactive materials from the fuel of the nuclear reactor to 
the environment is prevented by means of successive barriers, which are 
the fuel and its cladding, the cooling circuit (primary circuit) of the nu-
clear reactor and the containment building.

Uranium fuel in the core is in the form of ceramic pellets that retain most 
of the radioactive materials formed in the uranium. Th ese pellets of ap-
proximately 1 cm diameter are enclosed in gas-tight fuel rods. Th e fuel 
rods are further bundled into fuel assemblies, and there are hundreds of 
these in the reactor. Th e typical amount of uranium fuel in the reactor is 
on the order of one hundred tonnes.

Th e reactor core is located inside a pressure vessel that also contains the 
water cooling the core. Within the pressure vessel of a boiling water re-
actor, reactor coolant pumps circulate water through the fuel assemblies. 
Th is heats the water to a temperature of approximately 290 °C, which 
makes it boil and generate steam at a pressure of approximately 70 to 75 
bar. In a pressurised water reactor, fuel also heats water but the reactor 
pressure vessel is maintained at such a high pressure that the water will 
not boil. Th e pressure in the reactor is typically approx. 150 bar and the 
water temperature at the core outlet is approx. 320 °C.

Th e reactor containment building forms a tight barrier preventing the dis-
persion of radioactive materials to the environment in accident situations.

Th e potential alternatives for pressurised water reactor plants have a full-
pressure containment building operating on the so-called dry principle; 
the reactor and its main cooling system are located inside the building. 
In most PWR alternatives, the containment building comprises two pro-
tective shells, one inside the other. Th e inner protective shell is made of 
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steel or pre-stressed concrete with a steel lining. Th e outer protective shell 
is made of reinforced concrete. Constant underpressure is maintained in 
the space between the outer and inner protective shells, preventing even 
the smallest leak from the containment building from entering the out-
side atmosphere. In the original design of some pressurised water reactors, 
the containment building is single-walled, made of pre-stressed concrete 
and sealed with a steel lining.

Th e containment building in the boiling water reactor alternatives oper-
ates on the pressure suppression principle. Th ere is a water pool inside the 
containment building that serves as a heat sink and a source for emer-
gency core cooling water and containment spray system water in certain 
accident situations. Th e containment building is made of reinforced con-
crete. Tightness is ensured using a lining plate of steel. Th e containment 
building is surrounded by the reactor building, which is ventilated in an 
accident situation through a fi ltered emergency ventilation system.

4.2.3. Ensuring fuel integrity

No melting may occur in the fuel pellets during normal reactor operation, 
and the temperature of the fuel rod cladding may not signifi cantly exceed 
the coolant temperature. In practice this means that the power of a fuel 
rod per unit of length and the power of a fuel assembly in relation to the 
coolant fl ow in the bundle shall be kept within the allowed limits. Th e 
compliance with the restrictions is ensured by means of the core supervi-
sion system using reactor-physical calculations and measurement results 
from the reactor instrumentation.

Th e power of the fuel rods is limited so that their internal pressure does 
not exceed the normal operating pressure of the coolant.

In order to prevent damage caused by mechanical interaction of the fuel 
pellet and cladding, limits for power changes and rates of power change 
during operation are specifi ed for each type of fuel. Among other things, 
these limits take into account the stress corrosion of the cladding.

Th e fuel is dimensioned so that aft er being used in the reactor, it is suitable 
for long-term storage and the processing steps associated with disposal.

With regard to anticipated operational transients, the requirement is that 
the probability of fuel damage must be very small. Th is requirement may 
also limit the maximum fuel assembly power allowed during normal op-
eration. Th e endurance of the fuel in such conditions is proven suffi  cient 
by so-called transient analyses that constitute a crucial part of the nuclear 
power plant unit’s safety analysis report. Typical transients include the 
tripping of one or more reactor coolant pumps or disturbances in pri-
mary circuit pressure.
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Postulated accidents are divided into two categories based on their proba-
bility: the probability of level 1 postulated accidents is in the range of 0.01 
to 0.001 per year, and the probability of level 2 accidents is lower than 
this. Th e latter category includes the actual design basis accidents.

In connection with level 1 accident, the number of fuel rods suff ering 
heat transfer crisis may not exceed one per cent of the total number of 
fuel rods in the reactor. Th e fuel cladding temperature may not exceed 
the limit of 650 °C.

Fuel coolability may not be endangered in postulated accidents of level 
2. Th is means that the fuel assemblies may not melt or otherwise suff er 
damage severe enough to prevent the insertion of control rods into the re-
actor or the entry of cooling water into the assemblies. Th e fuel cladding 
temperature may not increase to levels high enough to cause metal/water 
reactions between the hot metal and steam to any signifi cant extent. Fuel 
damage in postulated accidents must be minimised. In practice, this re-
quirement is interpreted so that cladding damage may not occur in more 
than 10 per cent of the fuel rods.

Th e behaviour of the reactor during postulated accidents is proven to be 
acceptable by means of accident analyses. Th ese analyses contribute to 
the foundations for dimensioning the plant unit’s safety systems. In order 
to ensure suffi  cient safety margins, the analyses make assumptions about 
the values of physical quantities and the operation of the safety systems 
that have an adverse impact on the course of events.

In the potential plant alternatives, criticality accidents are practically pos-
sible only during refueling outages. Th e risk is mainly associated with 
incorrect transfers of fuel. Also during outages, exceptionally incorrect 
movement of control rods in boiling water reactors and unplanned dilu-
tion of the boron concentration of the coolant in pressurised water reac-
tors may lead to unwanted criticality. Human activities play a larger role 
in outage-time risks than during power operation. To make the possibil-
ity of a criticality accident infi nitesimal, the technical protective measures 
of the reactor are supplemented with strict administrative restrictions 
during outages.

In addition to level 1 and 2 postulated accidents, so-called design exten-
sion conditions must be observed with regard to the potential new plant 
unit. Th ese constitute either events in which a common-cause failure of 
safety systems occurs in connection with an initiating event that is rela-
tively moderate (see Section 3.2.6), or events that involve a complex com-
bination of faults. With regard to the latter, the examination usually ex-
tends to complete loss of electrical power and loss of the ultimate heat 
sink, which refers to seawater cooling. According to the requirement, the 
plant must overcome such situations without substantial fuel damage. If 
recovery from such situations requires action by operations personnel, it 
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is required that adequate time for consideration and implementation is 
available for such action and that the adequacy is proven.

4.2.4. Ensuring primary circuit integrity

In addition to appropriate design and suffi  cient design margins, ensuring 
primary circuit integrity is based on care in manufacturing and the use 
of top-quality materials. Th is makes it possible to ensure that the magni-
tude of a fl aw leading to a sudden crack in a pressure-bearing device in 
the primary circuit must be so large that it can either be detected as a leak 
during plant unit operation or discovered in periodic inspections before 
the occurrence of an actual accident. Th e periodic inspection programme 
therefore plays an important role in ensuring primary circuit integrity.

Primary circuit design also accounts for radiation embrittlement of the 
reactor pressure vessel wall caused by fast neutrons. Due to the phenome-
non, the reactor pressure vessel is designed and constructed in a way that 
minimises the number of welded seams in the area close to the reactor 
core. Th e development of radiation embrittlement is also monitored with-
in the pressure vessel periodic inspection programme.

Failures that prevent steam from being driven into the turbine condenser 
or cause reactor shutdown to fail may lead to increased pressure in the 
primary circuit. In such situations, primary circuit pressure is limited to 
an acceptable level using relief and safety valves. In boiling water reactors, 
these valves discharge steam directly from the primary circuit to a con-
densation pool in the containment, in which the discharged steam is con-
densed into water. In pressurised water reactors, primary circuit pressure 
can be regulated by means of the pressure on the secondary side of the 
steam generators. Th erefore most of the relief and safety valve capacity in 
pressurised water reactor plants is located on the secondary side. Because 
the secondary side water is normally not radioactive, the discharge from 
these safety valves goes directly to the outside atmosphere. According to 
the design bases, no anticipated operational transient should require the 
opening of the primary circuit safety valves.

Th e reactor protection and scram system also contributes to the limita-
tion of pressure in the primary circuit. Th e design pressure for the pri-
mary circuit of the plant unit will not be exceeded during anticipated 
operational transients if reactor scram operates as intended. Th e design 
pressure is 10 per cent to 20 per cent higher than normal operating pres-
sure. In postulated accidents, the design pressure may be exceeded by a 
maximum of 10 per cent, and in cases where reactor scram fails it may be 
exceeded by a maximum of 30 per cent. Th e pressure vessel can endure 
substantially higher pressure without failing.

Th e overpressure protection analyses on which the dimensioning of the 
overpressure protection system has been based use very disadvantageous 
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or conservative assumptions: for example, it is assumed that approxi-
mately one in four valves fails to open and that the scram limit that is 
exceeded fi rst is not tripped. Th anks to this conservativeness, the over-
pressure protection system will have signifi cant overcapacity.

Th e boiling water reactor alternatives only use valves for controlling the 
initial stage of a pressure transient. Aft er this, an isolation condenser is 
used for pressure control, which does not require coolant to be released 
outside the primary circuit.

4.2.5. Ensuring containment building integrity

Th e essential properties of containment buildings for PWR and BWR 
plants have been discussed above in Section 4.2.2 “Technical barriers for 
preventing the dispersion of radioactive materials”.

Of all postulated accidents, primary circuit pipe breaks inside the contain-
ment building cause the most signifi cant loads on the containment build-
ing. Th ese include pressure and temperature loads due to the release of 
hot water and steam, as well as the dynamic eff ects of pipe failures, which 
include jet forces and impacts of missiles. In the case of a pressurised wa-
ter reactor plant, the dimensioning of the containment building in provi-
sion for pipe break accidents is essentially based on the large volume of 
the full-pressure containment building. Th is means that the containment 
building can simply be dimensioned to bear the maximum pressure that 
the evaporation of water discharged from the primary circuit may cause. 
In the pressure suppression containment used at boiling water reactor 
plants, steam discharged from the primary circuit is conducted to a spe-
cial condensation pool in which it is condensed. Th is allows the volume of 
a pressure suppression containment to be relatively small, and the max-
imum pressure achieved does not depend on the amount of steam dis-
charged from the primary circuit to any signifi cant extent. On the other 
hand, the volume relations and fl ow resistances between the diff erent sub-
volumes are important for the design of such a containment building.

Th e requirement that the containment must also be able to prevent the 
dispersion of radioactive materials to the environment in connection 
with so-called severe accidents has a signifi cant eff ect on the design of the 
containment building for the plant unit.

It is the task of nuclear power plant safety systems to ensure that the reac-
tor can be shut down aft er all postulated accidents, the decay heat gener-
ated in the fuel can be removed from the reactor and the dispersion of ra-
dioactive materials into the environment can be effi  ciently prevented or at 
least limited to a very low level. Th e aim is to make the reliability of these 
functions as good as possible, for example by multiplying the number of 
systems with safety functions, making the parallel systems independent 
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of each other, backing up the power supply of the parallel systems from 
mutually independent sources and utilising passive safety systems.

In principle, the simultaneous inoperability of all parallel and all in-
depth systems is possible with an extremely low probability. Should the 
safety systems completely fail, for example in connection with a primary 
circuit leak, the supply of water into the reactor could be prevented. Th e 
consequence might be core meltdown caused by decay heat power from 
the disintegration of radioactive materials in the reactor core, which is 
a severe accident. As a consequence of a severe accident, the molten core 
mass might be relocated to the bottom of the reactor pressure vessel, the 
bottom of the vessel could be damaged, and molten material could be dis-
charged into the containment building.

Th e starting point for the design of the potential plant alternatives is that 
even in the case of severe accidents, the release of radioactive materials 
must be limited so that it does not cause immediate health eff ects to the 
population around the nuclear power plants or any long-term restrictions 
to the use of large areas of water and land.

Th ere are two main approaches to the management of such a severe acci-
dent. In the fi rst one, the containment, and particularly its bottom section, 
is designed to deal with the molten core mass without losing its tight-
ness due to the mass. In the second one, in-vessel cooling of the molten 
core material is ensured directly through the bottom of the pressure ves-
sel, preventing the molten core from being discharged from the pressure 
vessel. Filling the bottom section of the containment with water plays a 
central role in both cases.

In the BWR alternatives, the possibility that hydrogen created by reac-
tions between metal and water might explode is prevented through the 
lack of oxygen in the containment; during operation, the building is fi lled 
with nitrogen. In the PWR alternatives, hydrogen is removed from the 
containment atmosphere in a controlled manner using igniters or cata-
lytic methods during an accident situation.

Th e long-term integrity of the containment building is ensured by a fi l-
tered venting system or an independent decay heat removal system and 
recombination of non-condensable gases.

Th e containment buildings of all of the plant alternatives also involve a fi l-
tered venting system. In the long term, it can be used to limit the pressure 
increase arising from the formation of non-condensable gases and boiling 
due to the molten core to a level that the containment can endure. How-
ever, the containment building is designed so that depressurization will 
not be required in any circumstances during the fi rst 24 hours from the 
beginning of the accident. Th is aims at providing opportunities for initi-
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ating decay heat removal and thus eliminating the need for releases com-
pletely. Radioactive particles are removed from the gases released from 
the containment building by a fi lter with a high degree of retention, more 
than 99.9 per cent. Th e removal of particles from the emissions prevents 
the creation of any radioactive fallout that would contaminate the soil.

Independent decay heat removal from the containment may be passive or 
there may be a separate active cooling system independent of other safe-
ty systems. Th is can prevent an increase in containment pressure due to 
decay heat generated by the reactor. Furthermore, the air-fi lled contain-
ments of pressurised water reactor plants use passive catalytic recombina-
tion of hydrogen and oxygen, which also makes it possible to eliminate 
pressure increases due to the formation of non-condensable gases.

4.2.6. Ensuring safety functions

One of the most important design requirements for a modern light water 
reactor is that it must inherently resist changes in reactor power. Among 
other things, this means that increases in the temperature of the fuel and 
coolant or increases in the steam content of the coolant must decrease the 
reactivity of the reactor core. Th is allows the reactor operation to remain 
stable without continuous operation of the control systems. Th is will sig-
nifi cantly reduce the plant’s sensitivity to disturbances and, correspond-
ingly, reduce the number of situations that require the operation of the 
reactor protection system. Th is also means that severe reactivity accidents 
cannot be initiated by any operating disturbance. All of the plant alterna-
tives in question fulfi ll this requirement of inherent reactor stability.

Th e purpose of the protection systems is to detect accident situations and 
start the required safety systems and, aft er the accident, ensure that the 
plant remains in a safe state for a long enough period until the opera-
tors intervene with the course of events. Th e protection systems have been 
designed so that in each situation where automatic protection is needed, 
the system is started on the basis of at least two mutually independent 
parameters.

Generally, the protection function that is required fi rst is rapid shutdown 
or scram. Th ere are two mutually independent systems for this, one based 
on the use of control rods and one based on pumping or passively inject-
ing a boron solution into the reactor. Each of these systems alone is able 
to shut down the reactor.

Aft er shutdown, the safety systems cater for functions such as the water 
supply to the reactor and decay heat removal. Th e safety systems of the 
diff erent plant alternatives apply the principle of inherent safety or pas-
sive operation to a varying degree. Th is means that the system does not 
need external power for fulfi lling its safety function. However, most safe-
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ty systems are still active, which means that safety is ensured using other 
means than passive operation.

Th e safety systems have been designed in accordance with the principle of 
redundancy, which refers to parallel subsystems. For example, the emer-
gency core cooling systems of several plant alternatives have four parallel 
subsystems, two of which are suffi  cient to ensure cooling of the fuel dur-
ing accidents that involve major pipe breaks in the primary circuit (4 x 50 
per cent system). Another alternative is to use three parallel subsystems, 
each of which is capable of fulfi lling the safety function of the system 
alone if necessary (3 x 100 per cent system). Th is allows the systems to 
fulfi l their safety function even if one of the parallel subsystems was in-
operable due to maintenance or repair and another subsystem had a fault 
preventing its operation. Th e parallel subsystems have been designed in 
accordance with electrical and physical separation. Th e latter is also as-
sociated with fi re compartmentalization.

Each of the plant alternatives has a backup power system whose task is 
to ensure the supply of electrical power to the plant during loss of off -
site power using diesel generators or gas turbines and accumulators. Th e 
backup power system is divided into parallel mutually independent sub-
systems. All the parallel trains of each safety system receive their power 
supply from diff erent subsystems of the backup power system.

Another principle observed in the design of safety systems and safety 
functions is diversity. Th is means that it must be possible to implement a 
particular safety function using two systems based on diff erent principles 
of operation. Th e two independent reactor shutdown systems mentioned 
above constitute an example of diversity. Diversity makes it possible to 
reduce the risk for core damage caused by the inoperability of safety sys-
tems due to common-cause failures.

To the extent possible, the so-called fail-safe principle has also been ob-
served in the design of equipment important for safety. Th is means that 
the device goes into a state advantageous for safety upon loss of external 
driving power.

Th e new draft  for a Council of State’s Decree concerning the safety of nu-
clear power plants further emphasises the signifi cance of diversity. Ac-
cording to the draft  Decree, the impacts of common-cause failures of 
safety systems on plant safety shall be minor. Th is requirement is applica-
ble to the new plant alternatives so that in connection with the most com-
mon initiating events, it must be assumed that the operation of the pro-
tection or safety system primarily intended to cope with the event fails 
completely. In such a case, some kind of a backup system must be avail-
able to bring the plant unit to a safe state without substantial fuel damage. 
Such cases of common-cause failure must be analysed as so-called design 
extension conditions (See Section 4.2.3).
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Th e diversity requirement applies to actual safety systems as well as 
auxiliary systems necessary for their operation and protection automa-
tion systems responsible for starting them at the right time. Because com-
mon-cause failures of protection and safety systems are very improbable, 
the diversity requirement does not apply to initiating events that are in-
frequent as such.

4.2.7. Avoiding human errors

Th e possibility of human errors is reduced by means of appropriate in-
structions, procedures and training, as well as an effi  cient quality man-
agement system. Ensuring competence is a crucial part of managing the 
human factor during design, construction and operation. Any errors and 
defi cient procedures shall be corrected immediately when observed, and 
shall be used as learning opportunities to prevent any recurrence of simi-
lar events. Th is is supported by an advanced quality management system 
and reporting practices.

Human errors at the design stage can be divided into random and sys-
tematic errors. A random error is a single error, for example an incorrect 
fi gure. Random design errors will be detected in a multi-stage inspection. 
Furthermore, modern design tools have certain functions for prevent-
ing or detecting errors. A systematic error can be a defi ciency or error 
in a safety requirement specifi cation, for example. Th ese are prevented 
through a systematic hierarchical system of safety requirements (safety 
analysis report at the construction stage, system requirements, compo-
nent-level requirements, as well as environmental requirements common 
to several systems and components), the application of which will ensure 
(prove and verify) that upper-level safety requirements have been cor-
rectly and comprehensively implemented in the design prerequisites for 
systems, components and the like. Th rough the OL3 project, TVO has 
accumulated experience and competence in the implementation of such 
systematics in practical projects, including managing supply chain.

Human factors are managed at the construction stage using common nu-
clear power industry procedures, such as the quality management system. 
Th e detection of errors is also supported by the fact that components and 
structures are manufactured in accordance with approved plans and sub-
jected to tests and inspections specifi ed in advance (the results must ful-
fi ll acceptance criteria specifi ed in advance). Furthermore, the activities 
produce traceable documentation that can be used to prove that manu-
facturing and construction have been carried out according to plans. QA 
and QC constitute an important part of nuclear safety. TVO’s competence 
in the fi eld has become even stronger through the implementation of the 
OL3 project.

Th e foundations for managing human factors at the operating stage are 
created at the design stage. At that stage, human factors are taken into 
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account as a potential cause of failures or disturbances. Th is is done 
through factors such as the following: single failure tolerance of systems, 
taking human actions into account in the probabilistic safety analysis 
(PRA/PSA), consideration of the simultaneous occurrence of preventive 
maintenance and a potential single failure (the N-2 principle), as well as 
designing safety functions and associated instrumentation, control and 
protection systems so that the operators will have enough time to con-
sider the correct actions (the so-called 30-minute rule).

Th e impact of the human factor at the operating stage can roughly be di-
vided into three: management of plant modifi cations, maintenance and 
operations. Th e management of human factors associated in the manage-
ment of plant modifi cations is based on accurate documentation, mainte-
nance and management of the design bases of the plant. Th e foundation 
for this is created at the design and construction stages. TVO also uses a 
comprehensive plant modifi cation management procedure embedding the 
principle of multi-stage verifi cation and ending at a comprehensive docu-
mented procedure for the testing and validation of the eff ects of changes.

In maintenance operations, the management of the human factor is based 
on administrative routines and procedures. An example of this is that 
when work is planned and work management controlled, work permits 
concerning safety systems will only be issued for one subsystem at a time. 
Furthermore, equipment and systems are subjected to comprehensive 
tests aft er the completion of work. In very uncommon cases, human er-
rors may cause common-cause failures but in addition to diversifi cation, 
the possibility has been further reduced through the distribution of work 
and the development of testing procedures.

In addition to the above foundation, the human factor is taken into ac-
count in operating activities through precisely defi ned competence re-
quirements for personnel and supervision of these. Training simulators 
specifi c to the type of plant constitute a part of this.

At the existing plant units, TVO has introduced procedures aimed at re-
ducing, detecting and correcting human errors (so called error-preven-
tion tools), such as peer review, clear communications, independent veri-
fi cation and pre-job briefi ngs. Development related to these is constantly 
carried out as part of operating activities.

4.2.8. Protection against external events and fi res

Th e design of the potential plant alternatives allows them to endure ex-
treme weather conditions that are estimated to be very rare or improb-
able at the site, including high and low temperatures, wind, snowload, sea 
water level, ice conditions and thunder. Furthermore, the possibility of an 
earthquake is taken into account in the design of plant unit parts impor-
tant to safety.
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Physical separation of the safety systems and their location in well-protect-
ed spaces is aimed at protecting the safety functions so that an external 
event cannot make all of them inoperable simultaneously. Correspond-
ingly, parallel safety systems are located in diff erent fi re compartments 
so that a fi re cannot damage them all. Physical separation can protect the 
parallel parts of safety systems also against other internal events within 
the plant unit. Such events may include pipe breaks, tank ruptures, explo-
sions and fl oods.

Th e design of the new plant unit will also take into account potential 
damage to the plant from a large airplane crash or from illegal activities.

4.2.9. Safety classifi cation

Safety classifi cation ensures that the structures, systems and components 
are developed, manufactured and installed so that their quality level and 
the inspections and tests required to verify their quality level are in cor-
rect proportion to any item’s safety signifi cance. Th e safety class provides 
a starting point for specifying the requirements to be made for the design, 
manufacture, installation, inspection, testing, operation and quality as-
surance of a structure, system or component.

Th e safety classifi cation of structures, systems and components, as well as 
the quality assurance procedures and their foundations will be submitted 
to the regulatory authorities for approval.

4.2.10. Monitoring and control of the nuclear power plant unit

Th e main control room of the plant unit contains equipment that pro-
vides information on the current state of the plant unit. Any signifi cant 
deviations from the normal operating state and failures of systems and 
equipment are indicated by alarms.

It has already been noted that one of the design bases for the protection 
system of the new plant alternatives is the so-called 30-minute rule. How-
ever, this rule is only valid on the precondition that the safety systems op-
erate automatically at least at their planned minimum capacity. If this is 
not the case, operator actions may be needed earlier than 30 minutes aft er 
the beginning of the accident. Emergency operating procedures will be 
prepared for such situations, and in the case of a disturbance more severe 
than the design basis, the operating personnel can use these to bring the 
plant unit to a safe state.
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An operator support system will be developed for disturbances and ac-
cidents, with information specially compiled and grouped to facilitate the 
application of the emergency procedures.

Th e plant design also includes provisions for the loss of the main control 
room, for example due to fi re or sabotage. Each of the potential plant al-
ternatives has an emergency control post independent of the main control 
room, which can be used for shutting down the reactor and bringing the 
plant unit to a safe state.
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1. GENERAL

Th e intention is to build the new nuclear power plant unit in the Olkiluoto 
nuclear power plant area located in the western part of Olkiluoto Island. 
Th e power plant area houses the applicant’s two operating nuclear power 
plant units and one nuclear power plant unit under construction.

Figure 9–1 Areas owned by the applicant.

Th e applicant owns most of Olkiluoto Island, approximately 745 ha 
(green area in Figure 9–1), which corresponds to approximately 85 per 
cent of the entire area of the island. Th e areas in private ownership in the 
eastern part of Olkiluoto Island (white area) mostly contain holiday prop-
erties. 180 ha (halft one area) of the waters around Olkiluoto are control-
led by the applicant, with additional parts held through joint ownership. 
Th e area marked in purple is a nature conservation area owned by the 
Metsähallitus State Enterprise.

Th e extensive areas owned by the applicant at Olkiluoto provide good 
preconditions for the placement of nuclear power plant units. Extensive 
ownership provides fl exibility of the use of the area and an opportunity 
to ensure and further develop area security.

2. OWNERSHIP AND OCCUPATION OF THE LOCATION

Th e alternative locations of the new nuclear power plant unit at Olkiluoto 
are within properties owned and occupied by the applicant, registration 
numbers 51-409-2-706 and 51-409-2-717. Th e new plant unit will be lo-
cated in the western part of Olkiluoto Island between the existing trans-
mission line area and the existing plant units.
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Figure 9–2 The alternative locations for the plant unit and the overground structures for 
their cooling water passages are located within two properties owned by the applicant 
(51-409-2-706 and 51-409-2-717).

Th e applicant’s operating nuclear power plant units Olkiluoto 1 and 
Olkiluoto 2, as well as the Olkiluoto 3 nuclear power plant unit under 
construction, are located close to these locations on properties having the 
registration numbers 51-409-2-703, 704 and 705.

In the eastern part of Olkiluoto Island and other islands bordered by 
the eastern part, there are holiday homes and empty holiday home sites, 
as well as a few privately-owned larger areas. Th e Liiklankari conserva-
tion area located in the southern part of Olkiluoto Island is owned and 
governed by Metsähallitus.

Th e applicant also owns the island called Kuusisenmaa off  Olkiluoto, as 
well as properties on islands called Lippo and Leppäkarta. Th ere are no 
buildings on Kuusisenmaa. Lippo and Leppäkarta also have some holiday 
properties in private ownership.

In the waters around Olkiluoto, the applicant fully owns 180 ha, in ad-
dition to which the applicant has holdings in jointly owned water areas, 
approximately 70 per cent of the the Olkiluoto and Orjasaari water rights 
(51-428-876/1) and approximately 40 per cent of the Munakari joint area 
(51-876-13-0).
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1. GENERAL

Certain requirements are imposed on the location of a nuclear power 
plant in order to ensure the safety of the plant units and the environment. 
As a location for a nuclear power plant unit, Olkiluoto is well compliant 
with the requirements set by the authorities and TVO.

Th e valid land use plan at the location and the planned amendment allow 
the construction of a new nuclear power plant unit. Th e amendment to 
the plan will also reserve areas for the disposal of spent nuclear fuel origi-
nating from the new nuclear power plant unit. Th e plan is in harmony 
with provincial land use.

2. COMMUNITIES

Figure 10–1 There is no dense settlement referred to in YVL Guide 1.10 by the Radiation 
and Nuclear Safety Authority within 5 kilometres of Olkiluoto.

Eurajoki is a municipality on the coast of the Gulf of Bothnia and be-
longs to the economic zone of Rauma. Th e municipality of Eurajoki has 
a population of slightly more than 6,000. Th e municipal centre is located 
just over 10 kilometres north of the centre of Rauma and almost 40 kilo-
metres south of Pori along highway 8. Daily commuter traffi  c between 
Olkiluoto, Eurajoki and Rauma is intense.
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Th e neighbouring municipalities are
- Rauma (approximate population 38,000),
- Lappi (approximate population 3,400),
- Eura (approximate population 9,600),
- Kiukainen (approximate population 3,700),
- Luvia (approximate population 3,300),
- Nakkila (approximate population 6,200).

Th e economic zone of Rauma, including the municipalities of Eura, Eura-
joki, Kiukainen, Lappi and Rauma, has some 60,000 inhabitants. Pori, 
which is located some 32 km from Olkiluoto to the northeast, has some 
76,600 inhabitants.

Services, secondary production, agriculture and forestry play a major role in 
the economic structure of the municipality of Eurajoki. TVO is the largest em-
ployer in the municipality. Th e applicant has some 700 employees at the nuclear 
power plant, in addition to which more than 300 people work for subcontrac-
tors at Olkiluoto. Annual outages usually employ some 1,000 people in addi-
tion to the normal workforce at the power plant. Th e work site for the Olkiluo-
to 3 plant unit currently under construction employs almost 3,000 people.

3. SETTLEMENT AT OLKILUOTO

Figure 10–2 Holiday homes to the east of Olkiluoto Island in accordance with the partial 
shore master plan.
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Agriculture is only practised in the vicinity of the power plant area at 
Olkiluoto to a minor extent, mostly constituting fi eld cultivation in the 
eastern part of Olkiluoto Island. Fishing is practised in the nearby waters 
both professionally and as a hobby.

Th e nearest residential buildings are located approximately three kilo-
metres from the power plant site. Th ere are three residences intended for 
permanent use on Olkiluoto Island. Th e village of Ilavainen located to 
the east of Olkiluoto Island has several residences intended for perma-
nent use.

Th ere are approximately 30 privately owned holiday properties on 
Olkiluoto Island, located in the eastern end. Th ere are approximately 550 
holiday properties within an approximate distance of fi ve kilometres from 
the power plant site, mostly located on nearby islands and in the villages 
of Ilavainen and Orjasaari.

4. OTHER OPERATIONS

Th ere is a harbour in general operation on the northern shore of Olkiluo-
to Island located on property owned by the applicant, and a 6-metre navi-
gable passage maintained by the Finnish Maritime Administration leads 
to the harbour. Th e harbour area currently also houses an engineering 
workshop serving the construction of the OL3 nuclear power plant unit.

Th e holiday home area in the eastern part of Olkiluoto includes the old 
Raunela estate which TVO is restoring and developing as a heritage farm 
to represent the history of Olkiluoto before the nuclear power plant.

Olkiluoto currently has temporary accommodation facilities for approxi-
mately 1,000 people working at the nuclear power plant, and the capacity 
can be increased by approximately 500 accommodation units if necessary.

Operations in the villages of Ilavainen and Orjasaari to the east of 
Olkiluoto Island (within 5 kilometres) and the new plant site’s impact on 
them are minor. However, traffi  c to Olkiluoto through the villages will 
increase.

Operations located within the actual power plant area are discussed in 
Appendix 11.

5. LAND USE PLANNING

Th e licensing procedure and construction of the new nuclear power plant 
unit do not require changes in the valid land use plan at Olkiluoto. Th e 
valid plan ensures the prerequisites for long-term safe operation of nu-
clear power plant units at Olkiluoto.
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Th e land use planning at Olkiluoto is being updated to correspond to the 
contentual requirements of the new Land Use and Planning Act and to 
observe the requirements set for the disposal facility for spent nuclear 
fuel.

Th e Regional Plan 5 will be replaced by a provincial plan prepared by the 
Satakunta Regional Council, taking into account the objectives set by the 
State authorities on land use planning at Olkiluoto and the requirements 
imposed by nuclear waste management.

5.1. The current regional plan

Th e Regional Plan 5 is based on building legislation, and its primary pur-
pose is to guide more detailed planning of the use of areas.

Figure 10–3 In the Regional Plan 5, the Olkiluoto power plant area is designated as a 
community management zone (ET).

Th e Satakunta Regional Plan 5, which was approved by the Satakunta Re-
gional Council in 1996 and ratifi ed by the Ministry of the Environment 
in 1999, is in force at Eurajoki. In the regional plan, the Olkiluoto power 
plant site is designated as a community management zone. According to 
the special provisions concerning the zone, detailed planning and design 
must pay special attention to environmental protection, and the handling 
and storage of radioactive waste must be arranged in a completely safe 
manner. Furthermore, the regional plan also allows other energy produc-
tion besides the nuclear power plant units, as well as other industry based 
on the energy production in the area.

Th e Liiklankari area is designated as a nature conservation area in the 
Regional Plan 5.

Th e Regional Plan 5 indicates a remote protection zone around the nuclear 
power plant with restrictions on land use. Th e zone surrounds the nuclear 
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power plant area at a distance of approximately 5 to 7 kilometres. Th e zone 
must not be used for the planning and placement of any large residential 
areas or facilities with a large number of employees or patients, food 
processing plants or any facilities or equipment that could be a danger to the 
nuclear power plant, such as explosives factories, warehouses or airports.

5.2. Provincial plan in preparation

Th e Satakunta Regional Council is preparing a provincial plan that will 
replace the current Regional Plan 5. Th e objectives for the use of areas in 
the Satakunta provincial plan are based on approved national land use 
objectives that became legally valid in 2001.

Figure 10–4 National land use objectives related to operations at Olkiluoto are taken into 
account in the draft provincial plan shown here.

Th e draft  provincial plan designates an energy supply plant zone (EN/1a) 
at Olkiluoto, which is reserved for facilities, buildings or structures that 
serve energy production, as well as facilities and buildings for carrying 
out fi nal disposal of spent nuclear fuel. Th e surroundings of the plant 
zone are designated as the vicinity of a plant zone reserved for energy 
supply (en) which, due to nationally signifi cant operations, is subject to 
development needs related to land use.

Th e draft  provincial plan also designates the power line routes leaving the 
area, a regional road, navigable passages for ships and boats, and conser-
vation areas.

Th e preparation of the provincial plan started in February 2003. Th e draft  
should be available for public viewing during 2008.
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5.3. Master plan

Figure 10–5 Partial shore master plan currently valid at Olkiluoto.

No ratifi ed local master plan exists for the Olkiluoto area within the mu-
nicipality of Eurajoki, but there is a master structural plan approved by 
the Eurajoki municipal council in 1988.

In June 1999, the Eurajoki municipal council approved a master shore 
plan covering the sea shores of Eurajoki. Th e Southwest Finland Regional 
Environment Centre ratifi ed the master shore plan with some modifi ca-
tions in October 2000.

Th e partial master plan for the northern shores of Rauma ratifi ed on 23 
December 1999 is valid in the coastal areas of Rauma.

Th e Eurajoki municipal council approved an amendment to the master 
shore plan on 12 December 2005, assigning an accommodation village 
and other functions serving energy production to the southeastern part 
of Olkiluoto.

5.4. Amendment to the partial master plan

Th e Olkiluoto partial master plan and an amendment to the partial mas-
ter plan for the northern shores of Rauma are under preparation in the 
Olkiluoto area.

Th e primary objective is to maintain the prerequisites for land use at the 
largest energy production site in Finland and reserve areas for implement-
ing a fi nal disposal facility for spent nuclear fuel in compliance with Finnish 
legislation and the requirements set for the safety of the operations.
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Th e work for amending the Olkiluoto partial master plan and the partial 
master plan for the northern shores of Rauma started in 2006. Th e work 
is progressing according to plan. Th e plan proposals will probably be ap-
proved in 2008.

5.5. The current local detailed plan of Olkiluoto

Th e current local detailed plan of Olkiluoto comprises 6.45 million m3 of 
construction rights in the zone designated as a nuclear power plant area, 
almost 4 million m3 of which remains available for power plant construc-
tion. Th e power plant area is located at the western end of Olkiluoto Is-
land.

Local plans ratifi ed in 1974 and 1997 are valid in the area of the existing 
nuclear power plant units, the unit under construction and the planned 
OL4 plant unit. Th e power plant site is designated as a zone for industrial 
and warehouse buildings allowed for nuclear power plants, other facilities 
and equipment intended for the production, distribution and transmis-
sion of power, as well as buildings, structures and equipment associated 
with these, unless otherwise restricted.

Most of the water areas included in the building plan are approved for 
the purposes of power plants, and landing places and other structures re-
quired for power plant purposes may be constructed on and off  the shore 
of the industrial and warehouse areas. Th e building plan also indicates 
water areas where fi lling and embankment operations are allowed.

Th e Olkiluoto area also has plans for a zone for accommodation build-
ings serving energy production approved on 12 December 2005, as well as 
ratifi ed local shore plans to the east of Olkiluoto Island.
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Figure 10–6 Local plan valid at Olkiluoto in which the area designated for nuclear power 
plants is marked with purple.

5.6. Amendment to the Olkiluoto local plan

Th e Olkiluoto partial master plan guides the amendment to the local 
plan that is currently underway. Within the municipality of Eurajoki, the 
amendment to the local plan comprises Olkiluoto, the small islands to 
its north and northwest, as well as the waters surrounding these islands. 
Within the town of Rauma, the area covered by the plan includes the is-
lands to the southwest of Olkiluoto, as well as the waters surrounding 
these islands. Th e plan will retain the current construction rights desig-
nated for nuclear power plants and incorporate regulations and construc-
tion rights for the spent fuel fi nal disposal facility.

Th e amendment process began at the end of 2007. Th e plans are expected 
to be approved in late 2008.
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1. GENERAL

Olkiluoto at Eurajoki fulfi ls the requirements set for a plant site. Land use 
planning has made preparations and will make further preparations for 
the additional construction of power plant units. Th e site of a large power 
plant unit must also have a suffi  cient supply of cooling and service water, 
good traffi  c connections, a suffi  ciently large area and suitable geological 
and topographical conditions. Th ese preconditions are fulfi lled well at 
Olkiluoto.

Th e Olkiluoto area has been in nuclear power plant use for approximately 
30 years and has been proven very suitable for the purpose. Th e land use 
of the site of the new plant unit is in harmony with other land use on 
Olkiluoto Island and relies on the existing Olkiluoto infrastructure. Th e 
new plant unit can utilise functions supporting the operation of the ex-
isting plant units, as well as premises and structures built for them. Th e 
new plant unit will not cause any land use restrictions additional to those 
caused by the existing plant units.

Th e impact on the environment is minor and limited mainly to the local 
warm-up of seawater and changed fl ow conditions caused by the cooling 
water requirement of the plant units.

2. SUITABILITY OF THE SITE

Th e new plant unit OL4 will be located in the immediate vicinity of the 
existing nuclear power plant units OL1 and OL2, as well as the OL3 unit 
now under construction. In the valid building plan, the power plant site is 
designated for industrial and warehouse buildings and, according to the 
planning regulations, may be used for the construction of nuclear power 
plants and other facilities, equipment and components intended for pow-
er production, distribution and transmission, as well as other buildings, 
constructions and structures related to these unless otherwise restricted. 
Th e plan also indicates water areas that may be fi lled or banked up and 
in which landing places, other structures and equipment needed by the 
power plants may be built. Th e construction of the new power plant unit 
does not require any amendments to the building plan.

Th e existing power plant site at Olkiluoto already has the infrastructure 
required for nuclear power production. Th e new plant unit will mostly 
rely on this infrastructure. Th e construction of the new power plant unit 
will cause some rearrangements in the power plant area, for example with 
regard to fencing, access connections and the intake and discharge of 
cooling water. Th e new unit will also require the establishment of a new 
transmission line area and the construction of a new power line separate 
from the existing transmission line area at Olkiluoto and its immediate 
vicinity.
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Th e eastern part of Olkiluoto Island has an agriculture and forestry zone 
in accordance with the current shore master plan, and there are holiday 
homes on the eastern shore. Th e intention is to secure the existence of 
holiday homes at Olkiluoto in any upcoming plans. In the partial master 
plan under preparation, the holiday properties are located in a green zone 
that disallows any other construction. Th e middle and eastern parts of 
the island, at a distance from the holiday home area, mostly house the 
overground structures for the spent fuel disposal facilities such as vent 
stacks and structures required for the handling of fuel. Due to the dis-
tance and the nature of the operations, they will have a negligible impact 
on the holiday homes. Th e power plant unit OL4 to be sited in the west-
ern part of Olkiluoto will not cause any negative impact on the holiday 
home area as such. Additional construction will somewhat increase traf-
fi c to Olkiluoto.

Studies have shown that the impact of OL4 on Natura areas located in the 
vicinity will be minor.

2.1. External infrastructure

Figure 11–1 The existing external infrastructure at Olkiluoto will also be available to OL4, 
and substantial extensions and changes will only be needed with regard to power trans-
mission. The location of the power transmission line is shown with a blue dashed line.

Th e external infrastructure required for the OL4 plant unit consists of 
traffi  c connections, the conveyance of raw water and the transmission of 
power to the national grid. Most of this infrastructure already exists.

For the purpose of power transmission from the new nuclear power 
plant unit, a new transmission line connection from Olkiluoto to Rauma 
through the southern part of the island, separate from the current lines, 
has been planned. Th e location of the new line is accommodated in the 
pending provincial plan and the Olkiluoto local plan.
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2.2. Internal infrastructure

Figure 11–2 The internal infrastructure at Olkiluoto can be easily extended to serve the 
construction and operation of the OL4 plant unit.

Th e new plant unit will be able to effi  ciently utilise the infrastructure built 
for the needs of the existing plant units at Olkiluoto. Among other fa-
cilities, the site contains administrative buildings, a training centre and a 
visitors’ centre, warehouses, repair shops, a back-up heating plant, a raw 
water tank, a raw water treatment plant, a demineralisation plant, a sani-
tary water treatment plant, a landfi ll, a contractors’ area, accommodation 
villages and a gas turbine plant.

TVO has overall responsibility for all handling and storage of radioactive 
waste at Olkiluoto. Buildings and facilities for waste management include 
interim storage for spent fuel (KPA Store), interim storage for low-level 
and intermediate-level operating waste (MAJ and KAJ Storage), a fi nal 
disposal facility for operating waste (VLJ Repository), and the spent fuel 
fi nal disposal research facility ONKALO currently under construction 
by Posiva Oy. Th ese facilities can be used for the needs of nuclear waste 
management associated with OL4 either as such or with certain changes.

Th e area has functional traffi  c connections with a harbour, roads and 
parking lots.

2.3. Final disposal of spent nuclear fuel

Spent nuclear fuel originating from the applicant’s operations will be 
disposed of at Olkiluoto. A research facility for fi nal disposal operations 
called ONKALO is under construction in the middle part of Olkiluoto 
Island, to the south of the Korvensuo basin and to the north of the Liik-
lankari conservation area, for the purpose of studying the bedrock condi-
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tions for disposal of spent nuclear fuel. ONKALO is planned to constitute 
a part of the fi nal disposal facilities. When implemented, the area of dis-
posal facilities may extend to a large part of Olkiluoto Island and nearby 
waters.

3. LAND USE RESTRICTIONS IN PLANT SURROUNDINGS

Th e normal operation of the nuclear power plant or anticipated opera-
tional transients does not limit land use off -site. However, in the vicin-
ity of the nuclear power plant, precautions for the possibility of a severe 
accident are taken by preparing plans for the use of nearby areas and for 
civil defence.

YVL Guide 1.10 by the Radiation and Nuclear Safety Authority defi nes a 
nuclear power plant site as an area where only power plant related activi-
ties are allowed as a rule. However, the plant site, which comprises both 
land and water, may be used for fi shing, hiking and other recreational 
activities, provided that the operator of the nuclear power plant is able to 
supervise the area. Th e intention has been to extend the plant site to ap-
proximately one kilometre from the plant fence but the value is indicative 
and decided separately in each special case.

Preparations for the safety of the Olkiluoto site have been made through 
only allowing restricted use of everyman’s rights within the Olkiluoto 
land area and nearby waters. Th e plant site according to YVL Guide 1.10 
is aff ected by access restrictions in accordance with a decision by the 
Ministry of the Interior subject to separate application. According to the 
same Guide, the number of permanent inhabitants within fi ve kilometres 
of the plant should not be in excess of 200. Th e number of persons taking 
part in recreational activities may be higher, provided that an appropriate 
rescue plan can be drawn up for the area.

Th e plant site is surrounded by a protective zone shown in the regional 
plan, which extends to about fi ve kilometres’ distance from the facility. 
Land use restrictions are in force within the protective zone. Dense set-
tlement and hospitals or facilities inhabited or visited by a considerable 
number of people are not allowed within the protective zone. Th e zone 
may not contain such signifi cant productive activities that could be af-
fected by an accident at the nuclear power plant.
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1. ENVIRONMENTAL IMPACT ASSESSMENT

Environmental impact assessment (EIA) is a systematic process used in 
preparations for decision-making, with the aim of providing a uniform 
and comprehensive picture of the venture and its alternatives already in 
the early stage. Another objective of the EIA procedure is to increase the 
opportunities for citizens to receive information, become involved in the 
planning of ventures and express their opinion.

Th e Olkiluoto area has a long tradition of comprehensive environmen-
tal surveys. When constructing a nuclear power plant unit at a site with 
existing nuclear power plant units in operation, previous experience of 
construction and operation can be directly applied to the assessment of 
the new unit’s environmental impact.

An environmental impact assessment in accordance with the EIA Act 
has been conducted on the new nuclear power plant unit planned for 
the Olkiluoto plant site. When assessing the environmental impacts of 
the Olkiluoto nuclear power plant extension venture, the present state of 
the environment was fi rst examined, and aft er that, the changes caused 
by the ventures as well as their signifi cance were assessed, taking into 
account the combined impacts of the operations at Olkiluoto. Th e envi-
ronmental impact assessment for the planned nuclear power plant unit 
covers the entire life cycle of the plant unit. Th e results are presented in 
the environmental impact assessment report. Th e report is included in the 
application materials as Appendix 12.1. Th is Appendix 12 provides a brief 
description of the environmental impact of the new nuclear power plant 
unit and the design criteria used to avoid environmental damage and to 
restrict the burden on the environment. Th e environmental impact will 
be discussed in detail when applying for an environmental permit for the 
new plant unit.

TVO operates an environmental management system that has been cer-
tifi ed to comply with the requirements of international standard ISO 
14001:2004. In addition, the Olkiluoto power plant holds EMAS registra-
tion based on an EU Regulation. TVO’s environmental management sys-
tem includes the consideration of environmental aspects over the entire 
life cycle of nuclear energy production and the principle of constantly im-
proving the standard of environmental protection.

2. RADIOACTIVE MATERIALS

2.1. Isolation principle

Th e heat production process in a nuclear power plant is based on the 
fi ssion of uranium nuclei in the nuclear reactor fuel. Th is process gener-
ates radioactive materials that are isolated from the environment by se-
veral layers of protection within each other.
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Th e fuel is sealed in gas-tight cladding within the reactor pressure vessel. 
Th e fuel cladding and the reactor pressure vessel with the associated cool-
ing water circulation circuit form two layers of protection around the fuel 
and within each other. Th e reactor containment building is the third and 
outermost layer of protection between the radioactivity contained in the 
fuel and the environment.

Th e volume of nuclear fuel in proportion to its energy content is very 
small. Th e operation of the heat-producing process does not need any 
connection with the environment. Th is allows for the isolation principle 
implemented by means of the layers of protection described above. Ac-
cording to the principle, the radioactive materials generated in the fuel, 
which constitute the major part of the total amount of activity originat-
ing in the nuclear power plant process, are kept within a restricted small 
volume inside the plant.

In comparison with the radioactivity in the fuel, a minor amount of ra-
dioactive material is created in the cooling water inside the reactor when 
it fl ows through the reactor core. Any material released from the fuel 
through leaks in the fuel claddings will also end up in the reactor cooling 
water. Th is activity will either stay in the reactor system or be removed 
from it into other closed systems, such as the reactor coolant cleaning 
system, aft er which the radioactive materials will be treated using radio-
active waste management methods.

Th e same principle of isolation applies to waste management at a nuclear 
power plant. Radioactive waste is packed and stored under supervision so 
that it does not release any emissions to the environment. Waste is dis-
posed of in a fi nal repository in the bedrock. Th e waste containers and 
surrounding technical protection layers ensure that they are isolated 
from the living environment for a long time. Even though the technical 
protection layers lose their integrity over an extended period of time, the 
activity of the waste has been reduced to a fraction of the original and 
the amounts of activity released into the environment are minor in terms 
of the radiation burden. Th e waste management for the new plant unit is 
discussed in Appendix 14 to the application.

2.2. Releases during normal operation and operating disturbances

Releases of radioactive material during operation originate in the process-
ing of water removed from the reactor cooling system or gases in cleaning 
systems. Th e activity of gaseous substances is reduced before their release 
into the environment mainly on the basis of delay, meaning that short-
lived radionuclides have already lost most of their activity by the time 
they are released into the environment.

In order to reduce the activity of water releases, any water released into 
the environment is cleaned by fi ltration or evaporation.
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All systems containing radioactivity are located in rooms within the ra-
diation controlled area. Th e leakage and sewage waters from the control-
led area are piped to collection tanks from where they can be taken for 
cleaning or, if the activity is low enough, released into the environment. 
A ventilation system maintains underpressure in the controlled area in 
comparison with outdoor air. Th e exhaust fl ow from ventilation is fi ltered 
if necessary and conveyed to the ventilation stack where the activity level 
of the exhaust air is monitored.

Th e arrangements for handling and cleaning radioactive materials are im-
plemented so that any releases during normal operation and anticipated 
operating transients can be kept so low that the radiation dose from the 
releases into the surrounding population is only a fraction of the limits 
specifi ed in the Government Decision on the general regulations for the 
safety of nuclear power plants (GD 395/91). Th e limit for releases during 
normal operation is 0.1 millisieverts per year. Th e limit applicable to an-
ticipated operating transients is the same, 0.1 millisieverts per year. Th e 
draft  Government Decree that will replace GD 395/91 specifi es the same 
limits. Th e allowed limits for radioactive releases from plant units at the 
same site are specifi ed so that the total emissions do not cause a dose that 
would exceed the limit.

Th e radiation dose to the nearby population from the releases during nor-
mal operation of the planned plant unit is estimated to be less than 0.001 
millisieverts per year, which is in the same order of magnitude as the dose 
caused by the existing units. Th e dose is less than 1 per cent of the limit 
and less than 0.03 per cent of the average annual radiation dose received 
by Finns from other sources of radiation. Th e Finns receive an average 
annual radiation dose of 3.7 millisieverts. Most of this originates in natu-
ral sources of radiation, the most signifi cant being radioactive radon gas 
released to indoor air from the soil. Other exposure mostly originates in 
background radiation from space and the soil, foodstuff s, construction 
materials and medical procedures. Th e radiation dose originating in nat-
ural background radiation varies by region. For example, the dose caused 
by external radiation from the soil and buildings varies between 0.17 and 
1.0 millisieverts in diff erent parts of Finland.

Th e annual radiation dose of less than 0.001 millisieverts caused by the 
new plant unit to the nearby population poses a theoretical risk of cancer 
that is insignifi cant in comparison with the level of risk caused by the 
average annual dose of 3 millisieverts from natural radiation and its re-
gional variation.

One can summarise that the amounts of radioactive materials released 
from the new power plant unit into the environment are so minor that 
they do not have any signifi cance for human health.
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2.3. Releases during accidents

In order to prevent accidents and limit their consequences, the safety 
principles and regulations described in Appendix 8 to the application are 
observed in the design, construction and operation of the plant unit.

Th e postulated accidents that serve as a basis for the design of the plant 
unit examine, among other things, situations where a leak develops in 
the reactor cooling system and the safety systems operate as designed. In 
these accident situations, there is no need to impose any restrictions on 
living and the use of foodstuff s in the vicinity or any other restrictions. 
Th e radiation dose caused to the nearby population may not exceed the 
limit for a postulated accident specifi ed in GD 395/91, which is 5 mil-
lisieverts. Th e limit concerns the dose accumulated by an individual dur-
ing a period of one year from the accident. Th e dose limit corresponds to 
the dose received by an average Finn from other sources over a period of 
just over a year. If the average Finn receives a dose corresponding to the 
limit for a postulated accident once in his life, his lifetime radiation bur-
den increases by approximately 2 per cent. Th e change is minor in com-
parison with the variations in the lifetime dose from natural radioactivity 
in diff erent regions of Finland.

In the case of a severe accident, it is assumed that the safety systems of the 
plant are not operational in a situation caused by a reactor system leak or 
some other damage. Th is may lead to severe damage to the reactor core, 
releasing a major part of the radioactive materials in the fuel into the con-
tainment building. According to the design requirements, the contain-
ment building must keep the amount of radioactivity released into the 
environment below the limit specifi ed in GD 395/91. Th e prescribed limit 
is such that even in the case of a severe accident, the discharge does not 
cause immediate health hazards to the surrounding population or any 
long-term restrictions to the use of large areas of land.

In connection with the application for a construction licence and an oper-
ating licence, detailed analyses are used to prove that the plant fulfi ls the 
requirements set for accident situations in GD 395/91 and the draft  Gov-
ernment Decree that will ultimately replace it. Th is also includes proving 
the fact that the possibility of exceeding the limit for a severe accident is 
extremely minor.

2.4. Environmental impact analysis methods

Established calculation models exist for estimating the conveyance of ra-
dioactive materials in the water environment, the atmosphere, the food 
chain etc. Th ese allow radiation doses to the environment to be calcu-
lated on the basis of measured and predicted release amounts. Th e mod-
els pay attention to all the important routes through which the release of 
radioactive materials may aff ect people. Th e information on the environ-
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ment and the lifestyles of the population required for the models has been 
determined by means of local surveys in the area surrounding the power 
plant. Th e plant site is equipped with weather monitoring equipment that 
continuously registers meteorological data for the calculation of convey-
ance in the atmosphere.

Due to the great variation of the variables related to the environment and 
its exploitation, the dose calculation model is unable to achieve high ac-
curacy. Th is is compensated by choosing the numerical values of the vari-
ables so that they increase the radiation dose calculated on the basis of 
releases. Th is so-called conservative approach, which overestimates the 
doses, is intended to ensure that the actual doses to people are always 
lower than the calculated values.

2.5. Measures to reduce environmental impact

Th e minimisation of the environmental impact from radioactive releases 
is based on the minimisation of releases in accordance with the isolation 
principle described above. Th e water treatment systems and off -gas sys-
tems of the plant will be designed with this in mind.

Th e waters and gases released into the environment are effi  ciently cleaned 
by separating the radioactivity into fi lters, for example, which are stored 
as solid nuclear waste isolated from the environment. Th e amount of ac-
tivity released into the environment during operation is so minor that its 
impact as a radiation dose to the environment is negligible.

Th e aim of the plant’s safety systems is to ensure that releases can be con-
trolled even in accident situations. However, preparations have also been 
made for measures to avoid an unnecessary radiation burden on the pop-
ulation in an accident situation. Th e power plant operator’s own emergen-
cy response organisation is prepared to carry out the required radiation 
measurements at the plant site and its vicinity, issue the required alarms 
to the nearby area and the authorities, and to assess the impact of poten-
tial releases caused by the accident as radiation doses to the environment. 
Th e offi  cial rescue organisation is responsible for any measures to protect 
the population that may be deemed necessary in an accident situation.

2.6. Monitoring programme

Emissions of radioactive materials from the nuclear power plant take 
place through monitored emission routes. Th e total activity and nuclide 
composition of the emissions are measured. Th e doses caused by the emis-
sions cannot be directly measured in the environment, as they are very 
minor compared to natural background radiation and its variations. Th e 
amounts of radioactivity caused by emissions are monitored by means of 
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an environmental radiation monitoring programme that includes, for ex-
ample, measurements of the radioactivity in more than 300 environmen-
tal samples each year.

3. COOLING AND WASTE WATER

3.1. Load

Th e thermal load to be conducted from the nuclear power plant unit to 
the sea depends on the power and effi  ciency of the plant unit. A nuclear 
power plant with an electrical power of 1,000 to 1,800 MW requires ap-
proximately 40 to 60 m3 of cooling water per second. Th e water fl ows in 
the pipelines through the turbine condenser and is returned to the sea 
aft er a temperature gain of approximately 12 °C. Th e overall effi  ciency of 
the new plant unit is some 35 per cent to 40 per cent.

Waste water generated on the power plant site includes water from the raw 
water treatment and demineralisation plant, water from the liquid waste 
treatment plant, water used for fl ushing the travelling band screens, sani-
tary waste water and laundry waste water. Th e waste water fractions are 
processed appropriately by mechanical, chemical or biological means or a 
combination of these before being discharged to the sea. Th e waste water 
causes minor nitrogen and phosphorus load and oxygen-consuming load 
in the sea.

Figure 12–1 Photomontage of the Olkiluoto area. The OL3 plant unit is in the front left. 
OL4 will be behind the existing plant units OL1 and OL2 and, in the photo, is located at 
plant site alternative 1. In the photo, the cooling water is taken from the southern side of 
Olkiluoto Island, to the right of the intakes of the existing plant units, and discharged at 
the existing discharge point to the west of the island.

TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  7(11)
 OLKILUOTO 4
  APPENDIX 12

OL4_PAP_eng_FINAL.indd   117OL4_PAP_eng_FINAL.indd   117 5/30/08   2:12:37 PM5/30/08   2:12:37 PM



Figure 12–2 Photomontage of the Olkiluoto area in which OL4 is located at plant site 
alternative 2 and cooling water is taken from Eurajoki strait to the north of Olkiluoto 
Island and discharged to the northwest of the island.

3.2. Environmental impact of the load

Th e water areas surrounding the plant site allow for an adequate supply 
of cooling water for the new plant unit and the discharge of cooling water 
back to the sea. OL4 will increase the amount of cooling water, which will 
expand the size of the warmed-up sea area and the area unfrozen in win-
ter approximately in direct proportion to the thermal power conducted to 
the sea.

Th e increase in water temperature caused by cooling water and the size 
of the warmed-up area varies by weather, season and the utilisation rate 
of the power plant. An increase of 1 °C in water temperature due to the 
combined impact of four plant units can be observed in surface waters at 
an approximate distance of 10 kilometres from the discharge point. Sig-
nifi cant increases in temperature are limited to waters in the immediate 
vicinity of the discharge point. Th e most signifi cant impact of the cooling 
water is caused in the winter to the ice conditions around the plant site. 

According to experience, the impact of the cooling water on other prop-
erties of sea water is minor. Th e oxygen conditions in the sea area off  
Olkiluoto have also been good close to the bottom and almost without 
exception, and the situation is not estimated to change substantially due 
to the increased thermal load. Th e biological impact of the thermal load 
is evident from the extended growing season in the expanded unfrozen 
area and from increased total production.
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Th e impact of cooling water on fi sh populations in the area is expected 
to remain similar to the present. Th e most substantial impact of cooling 
water with regard to fi shing takes place in the winter season when the 
area of unfrozen water and weak ice off  Olkiluoto limits fi shing from the 
ice. Cooling water as a whole is not estimated to impose any substantial 
or extensive harmful eff ects on the fi sh populations of the area. Cooling 
water and its consequences are not estimated to have any eff ect on the us-
ability of fi sh.

Th e increased waste water load is expected to remain so small that the 
impact probably cannot be distinguished from other nutrient and solid 
matter loads in the area.

3.3. Environmental impact analysis methods

Model calculations on the dispersal of cooling water and an estimate of 
the impact of thermal load on the temperatures and the ice conditions 
in the vicinity of the discharge point have been prepared using a three-
dimensional fl ow model developed at the Environmental Impact Assess-
ment Centre of Finland Ltd (EIA Ltd). Th e modelling has examined the 
diff erences between the intake and discharge point options. Th e detailed 
dispersal calculations, obtained as a result of the above, have been used 
as the basis of the impact assessments. Th e surveys have included cool-
ing waters for the existing plant units, cooling waters for OL3 under con-
struction and cooling waters for the planned OL4 plant unit.

3.4. Measures to reduce environmental impact

Based on experience from the operation of the existing plant units and 
results from the fl ow model referred to in the above, Olkiluoto is a suit-
able location for the new plant unit. Th e discharge of cooling water to-
wards the open sea provides for effi  cient mixing, which helps in keeping 
the warmed-up sea area as small as possible. Th is can be implemented at 
Olkiluoto with short cooling water passages, which minimises the impact 
from their construction and from energy consumed for pumping the wa-
ter. Th e cooling water passages for the new plant unit can be located close 
to those of the existing plant units, which will minimise the extent of the 
area losing its natural state. Th e new plant unit will not increase the tem-
perature of cooling water going into the sea compared to the present situ-
ation. Th e cooling water passages will be located so as to minimise the 
recirculation of warm discharge water to the cooling water intake side. 
Th e cooling water arrangements will be discussed in more detail during 
the environmental permit procedure for the new plant unit.

Th e volume of waste water generated shall be minimised through water 
use planning and recycling. Th e waste water processing capacity will also 
cover the duration of construction of the new plant unit, at which time 
the volume of waste water will be greater than at the operating stage.
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3.5. Monitoring programme

An environmental permit pursuant to the Environmental Protection Act 
will be obtained for the operations of the new power plant unit, and a per-
mit pursuant to the Water Act will be obtained for taking water from the 
water system to the power plant. Detailed environmental impact monitor-
ing programmes will be prepared on the basis of the permit regulations.

Th e impact of environmental loads on the water system will be monitored 
in accordance with a programme approved by the permit authority. Th e 
monitoring programme includes temperature measurements, physical 
and chemical monitoring of water, monitoring of the biological state of 
water, as well as monitoring of fi sh populations and fi shing conditions. 
Furthermore, the ice conditions are supervised in the winter and people 
are warned about weakened ice. Th e operation of the waste water treat-
ment plant is supervised by monitoring the treatment effi  ciency.

4. OTHER ENVIRONMENTAL EFFECTS

Th e new power plant will be located within the Olkiluoto power plant site 
and will utilise the existing infrastructure of the area. In the landscape 
view, the construction of a new unit will add one new building resem-
bling the existing plant units to the power plant complex.

Figure 12–3 Photomontage of Olkiluoto Island viewed from the sea. OL4 on the left, the 
OL1 and OL2 units in the middle, and OL3 on the right.

Th e environmental impact of the power transmission lines for the new 
plant unit in the Olkiluoto area is assessed in the attached environmental 
impact assessment report. Fingrid Oyj will initiate environmental impact 
assessments concerning power lines supporting the nuclear power plant 
unit’s grid connection during 2008 and 2009, as well as the EIA proce-
dures concerning the plant site power lines and the required reserve pow-
er capacity aft er the decision-in-principle.

Traffi  c on the road to the plant site will increase during construction, 
which will increase the risk of traffi  c accidents and the nuisance caused 
by traffi  c noise along the road. Th e increase in traffi  c caused by the opera-
tion of the new plant unit is so minor that the impact is also minor.
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Th e combined noise from the new plant unit and existing operations at 
Olkiluoto will not exceed the directive values set by Council of State for 
noise in the nearest aff ected location.

Low and intermediate level operating waste and conventional waste origi-
nating from the new plant unit will be processed similarly to the existing 
plant units. Low and intermediate level operating waste will be placed in 
a fi nal disposal facility for operating waste located within the area (VLJ 
Repository). Conventional waste will be sorted and delivered for recovery. 
Waste that is unsuitable for recovery will be placed in a landfi ll within the 
area. When properly handled, waste will not cause any adverse environ-
mental impact.

5. CONCLUSIONS

An extensive environmental impact assessment of the nuclear power plant 
venture has been conducted on the basis of statutory requirements. Th e 
environmental impact assessment did not fi nd any adverse environmen-
tal impact of such signifi cance arising from the construction or operation 
of the nuclear power plant unit that it could not be accepted or mitigated 
to an acceptable level. Due to careful compliance with the isolation prin-
ciple, releases of radioactivity during the operation of the nuclear power 
plant are so minor that they do not have any impact on the environment 
or the surrounding population. Th e releases in accident situations will 
also be so minor that their environmental impact will be small and will 
not prevent normal use of the environment. According to investigations 
carried out, the cooling water from the new power plant unit is not con-
sidered to cause any unreasonable impact on thewater system.
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1. GENERAL

Th is Appendix describes how nuclear fuel management can be arranged 
for the new plant unit. Th e management of spent fuel is described in 
Appendix 14.

Th e stages of nuclear fuel procurement are the production uranium con-
centrates, conversion, enrichment and manufacturing into fuel elements 
or fuel assemblies.

Th e manufacturing of fuel is usually procured separately for each unit. 
However, purchases can be made simultaneously for several plant units. 
Enrichment, conversion and uranium concentrates can also be procured 
and competitive bidding can be arranged simultaneously.

2. REQUIRED AMOUNTS

TVO’s existing power plant units OL1 and OL2 each consume approxi-
mately 20 tonnes of enriched uranium annually, the production of which 
requires approximately 130 tonnes of natural uranium in uranium con-
centrates and approximately 110 tonnes of enrichment work.

Th e OL3 plant unit under construction will use slightly more than 30 
tonnes of enriched uranium annually. Th e enrichment requires approxi-
mately 210 tonnes of natural uranium concentrates and 180 tonnes of en-
richment work. Th e need for uranium concentrates and enrichment work 
for OL3 in relation to kilowatt-hours produced is approximately 15 per 
cent lower compared to OL1 and OL2. Th is is particularly attributable to 
the better effi  ciency of the turbine generator but also to the better neutron 
economy of the new reactor. Th e need for uranium at OL1 and OL2 has 
also been reduced quite a lot over the years as a consequence of fuel de-
velopment.

As the size of the new plant unit will be 1,000 to 1,800 MW, its estimated 
annual fuel requirement based on OL3’s consumption will be in the or-
der of 20 to 32 tonnes of uranium, corresponding to 120 to 220 tonnes of 
natural uranium in uranium concentrates.

3. AVAILABILITY OF URANIUM CONCENTRATES AND 
SOURCES OF PRODUCTION

Th e suffi  ciency of uranium will not impose any obstacle to the produc-
tion of nuclear fuel over the next 70 to 100 years. Th e annual global de-
mand for uranium is approximately 70,000 tonnes of natural uranium, 
also known as uranium concentrates. Identifi ed and inferred uranium 
resources having a production cost of less than USD 130 per kilogram 
amounted to some 5 million tonnes in 2005, and additional resources of 
this category that will probably be found amounted to some 10 million 
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tonnes. At current consumption, the resources will last for 70 years, and 
with probable resources included, more than 200 years.

Th e demand will increase to an estimated 100,000 tonnes by 2020 and 
continue to increase until nuclear fuel is recycled as necessary or other 
emissions-free sources of energy that are more economical than nucle-
ar power are introduced. Th ere is also the possibility of using uranium 
that is twice as expensive as the cost limit for existing uranium resources; 
according to a geological estimate, this would increase the resources ap-
proximately tenfold. Th is does not play a great role with regard to the 
profi tability of nuclear power as it would only increase the production 
costs by some EUR 2 per MWh.

Experience shows that more uranium resources are being found in ac-
cordance with demand. Th is was also the case in the 1970s when the ini-
tial amount of known inexpensive resources was only one million tonnes. 
Aft er a long quiet period, prospecting has become more active again, and 
the IAEA has announced that their statistics to be published in 2008 show 
17 per cent more resources than two years earlier. A lot more uranium has 
already been found aft er the data for the new statistics were compiled. For 
example, the ore resources of a single large mine, Olympic Dam in Aus-
tralia (which is a copper mine with uranium as a by-product) have been 
surveyed through extensive drilling and found to be almost quadruple in 
comparison to original estimates, including some two million tonnes of 
uranium.

Th e sales of stocks and the introduction of diluted weapons-grade urani-
um into the market caused a long-term drop in the price and prospecting 
for uranium. Th e price has been high from 2005 to 2007, and prospecting 
for uranium has become more active. At present, dozens or hundreds of 
enterprises are prospecting for uranium all around the world.

Th e largest known uranium deposits are in Australia, North America, 
Kazakhstan, Russia, South Africa, Niger and Namibia. Th e latest disco-
vered deposits of uranium, particularly in Canada and Australia, have 
been rich, which means that they allow uranium to be produced at a 
reasonable cost. Th e following is a description of the development of the 
industry in Canada, Australia and Kazakhstan, which will produce most 
of the world’s uranium within the next few years.

Th e fi rst batch of uranium ever procured by TVO was produced at the Bea-
verlodge mine in Canada, where the ore contained approximately 0.1 per 
cent of uranium. Beaverlodge was shut down when richer ore bodies were 
discovered. Next, uranium was procured from Rabbit Lake (concentra-
tion 1 per cent) and Key Lake (2 per cent). At the newest mine McArthur 
River, the concentration in the ore is approximately 20 per cent, which is 
also the case at the Cigar Lake mine under construction. Several other 
rich deposits have been discovered recently in Canada in addition to the 
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above. By the year 2005, one-half of all uranium purchased by TVO has 
been procured from Canadian uranium suppliers.

In Australia, TVO procures uranium from the Olympic Dam copper 
mine that produces uranium, gold and silver as by-products. Th e produc-
tion capacity is almost 4,000 tonnes of uranium annually. Th e present 
proprietor BHP Billiton is investigating the feasibility of an expansion, 
potentially to 700,000 tonnes of copper and 20,000 tonnes of uranium 
annually.

Kazakhstan’s uranium production in 2004 was 3,600 tonnes, with the 
2007 estimate being 7,000 tonnes. Th e announced targets are approxi-
mately 18,000 tonnes of uranium in 2015 and as much as 27,000 tonnes in 
2025. Th ere are many well-known companies operating in Kazakhstan. In 
Kazakhstan uranium can be extracted directly from the soil using drilled 
wells and the so-called in-situ leach process.

New deposits have also been found in Africa, and uranium production is 
being expanded to some new countries. Th e production of uranium as a 
by-product of gold is also being planned, as is the separation of uranium 
from phosphate fertilisers. Th ere is a programme for expanding uranium 
production in Russia, and furthermore, spent uranium is reprocessed and 
recycled into new fuel both in Russia and France.

Substantial amounts of uranium are still kept in stocks. Th ere is a lot of 
waste uranium of diff erent types, such as old stocks of depleted uranium, 
and it can be recycled using new enrichment technology.

Deliveries of diluted weapons-grade uranium from Russia to the USA 
started in 1994 and will continue until 2013, and will cover approximate-
ly one-half of the demand of the United States’ one hundred reactors dur-
ing said 20 years. Th e entire amount is 500 tonnes of weapons-grade ura-
nium. It is obtained from 20,000 nuclear warheads and corresponds to 
150,000 tonnes of natural uranium. Russia will still have weapons-grade 
uranium aft er this, and the remaining amount is estimated to exceed the 
500 tonnes going to the USA. Weapons uranium has also been diluted for 
civilian use in the USA, and the US Government has announced in late 
2007 that the number of US nuclear warheads will be further reduced.

4. PROCUREMENT OF URANIUM CONCENTRATES

TVO has purchased the initial core uranium as one batch but otherwise 
TVO diversifi es the deliveries of uranium and other purchases related to 
fuel procurement to several suppliers for the sake of reliability of supply.

TVO’s procurement strategy includes maintaining reserves of uranium 
concentrates for reliability of supply, and due to market fl uctuations in 
order to avoid purchases at price peaks. Th e quantities stored are small, 

TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  4(7)
 OLKILUOTO 4
  APPENDIX 13

OL4_PAP_eng_FINAL.indd   126OL4_PAP_eng_FINAL.indd   126 5/30/08   2:12:44 PM5/30/08   2:12:44 PM



TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  5(7)
 OLKILUOTO 4
  APPENDIX 13

and a reserve for several years only ties up a relatively small amount of 
capital. Th e intention is to import manufactured fuel to a reserve in Fin-
land several months before it is needed.

5. PROCUREMENT OF CONVERSION, ENRICHMENT AND 
FUEL MANUFACTURING

Th ree companies operate major refi ning and conversion facilities in the 
Western countries. For the time being, TVO purchases conversion from 
Canadian and French suppliers. Supplementary amounts are purchased 
from Russia in connection with the enrichment of uranium. Th ese and a 
major conversion facility in the USA will also remain the most important 
suppliers of conversion in the near future.

TVO presently purchases enrichment of uranium from AREVA in France 
and from Techsnabexport in Russia and from the company Urenco that 
has production facilities in three EU countries. Said companies will be 
the most probable suppliers of enrichment also in the future. In the fu-
ture they all enrich uranium using centrifuges. Also in the USA there are 
plans of closing down an old enrichment facility that is based on gaseous 
diff usion and consumes a lot of electricity, and replacing it with new cen-
trifuge plants within a few years.

Fuel manufacturing is presently procured from Sweden, Germany and 
Spain. Depending on the type of power plant, some other country may 
come into question, usually at least the power plant supplier. In addition 
to the above countries, the companies have facilities in at least France, 
Russia, the USA, Japan and Korea.

6. TRANSPORTS AND STORAGE OF URANIUM AND FUEL

Th e transports of nuclear material between the stages of fuel procurement, 
as well as the transports of manufactured fuel to power plant sites, are 
carried out as supervised transports on conventional transport equip-
ment. Th e transport packaging and arrangements are governed by EU 
regulations and national regulations in diff erent countries, the starting 
point being the recommendations of the International Atomic Energy 
Agency (IAEA). Th e amounts being transported are small, and transports 
represent a small proportion of fuel costs.

Th e fuel is brought to Finland by sea and further from the harbour to the 
power plant by lorry. Ground transport from neighbouring countries can 
also be used. Th e typical need for transports is fi ve or six full trailer com-
bination loads per year for each reactor.

Th e import of fuel is subject to licences and approvals by the Radiation 
and Nuclear Safety Authority pertaining to import, transport routes, 
equipment and packaging, as well as transport arrangements with emer-
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gency preparedness and security plans. Th e transports fall within the 
scope of nuclear liability insurance. Th e following provides a more de-
tailed description of transports between the stages of procurement.

Uranium is transported to the conversion plant as uranium concentrate 
in 200-litre industrial steel drums that are further packed into containers 
for ground and sea transport. Each drum contains approximately 400 kg 
of uranium, and one container is typically loaded with 44 drums. Ura-
nium concentrates are also stored in these 200-litre drums.

In the conversion plant, the uranium ore concentrate will be purifi ed and 
converted into “natural uranium” i.e into uranium hexafl uoride, a salt, 
which becomes gaseous under reduced pressure when heated. Th erefore, 
the uranium hexafl uoride salt is packaged in special pressureproof trans-
port containers. Th e natural uranium is transported to the enrichment 
facility in containers with volume of about 8 tonnes of uranium, and en-
riched uranium is further taken to the fuel manufacturing plant in con-
tainers containing approximately 1.5 tonnes of uranium. For transport, 
the enriched uranium container is packed into a protective packaging, di-
mensioned to protect the container in case of traffi  c accident or fi re, for 
example.

Enriched uranium is transported to the manufacturing plants by road, 
sea and rail. At the plant, the uranium is converted to uranium oxide and 
further to fuel pellets that are encapsulated into fuel rods. Th e fi nished 
fuel assemblies or fuel elements are transported by sea, for example, to 
the Port of Rauma, and further transported by lorry to Olkiluoto. Fuel 
transports typically take place once a year, usually 5 to 6 lorry loads per 
plant unit. Th e initial core load requires some more transports.

Radiation from fresh uranium and nuclear fuel is minor. Th e design bases 
for packaging include prevention of the most signifi cant hazard of trans-
port, criticality in unexpected situations. In practice, the primary risk as-
sociated with the transports is a conventional traffi  c accident.

Fuel is stored at the power plant primarily in the dry storage of the plant 
unit. Th e dry storage facilities are included in the scope of normal safety 
and security supervision.

7. FUEL COSTS

Th e cost of natural uranium including conversion has typically been from 
EUR 1 to 3 per MWh, and the forecast is in the order of EUR 2 per MWh 
depending on demand and supply.
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Th e costs of nuclear fuel manufacturing and enrichment have been rela-
tively stable. Th e costs of nuclear fuel manufacturing have been slightly 
less than EUR 1 per MWh, while the cost of enrichment has been some-
what more than EUR 1 per MWh. Th e fuel costs for the annual reload of 
the new power plant will be approximately EUR 4 per MWh on average 
(EUR 3 to 5 per MWh).

Th e trend has been that new types of fuel produce more power per kil-
ogram of uranium used, the real prices for conversion, enrichment and 
manufacturing have slightly declined due to technology development, 
and no increase in the real price of uranium concentrates can be seen 
when observed over several decades. Th e development of technology has 
reduced the costs of metal mining.

However, the price of uranium concentrates has fl uctuated a lot similarly 
to the prices of many other metals produced in small quantities. Th e price 
dived in the 1990s when large amounts of stock uranium and diluted 
weapons-grade uranium was off ered for sale. Th e price drop resulted in 
a closedown of a substantial share of the most expensive mining produc-
tion. Th e price subsequently multiplied quickly from 2004 to 2007. Th e 
peak price in 2007 was in real terms equal to the price aft er the oil crisis 
from 1976 to 1979. However, aft er the peak price in 2007, the price fell by 
several dozen per cent within the same year.

Th e price peak was due to new speculants in the market, which had al-
ready become more tense as production and stocks had decreased but the 
increased demand for uranium was a reality. A suffi  ciently high price will 
ensure that there will eventually be suffi  cient production. Overproduc-
tion and competition between sellers in the market will then limit the 
price so that a connection with the costs of the most expensive produc-
tion required will become apparent and the most expensive production 
will be closed down.

TVO has avoided the impact of great fl uctuations in the price of uranium 
concentrates by maintaining long-term contracts diversifi ed across sev-
eral suppliers, and through a long-term storage policy. When prices have 
been low, reserves have been increased to cover the need for several years.

TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  7(7)
 OLKILUOTO 4
  APPENDIX 13

OL4_PAP_eng_FINAL.indd   129OL4_PAP_eng_FINAL.indd   129 5/30/08   2:12:44 PM5/30/08   2:12:44 PM



OL4_PAP_eng_FINAL.indd   130OL4_PAP_eng_FINAL.indd   130 5/30/08   2:12:44 PM5/30/08   2:12:44 PM



TEOLLISUUDEN VOIMA OYJ  APPLICATION FOR DECISION-IN-PRINCIPLE  1(8)
 OLKILUOTO 4
  APPENDIX 14

OUTLINE OF THE APPLICANT’S PLANS AND THE AVAILABLE 
METHODS FOR NUCLEAR WASTE MANAGEMENT

CONTENTS

1. GENERAL

2.  REGULATIONS AND SUPERVISION RELATED TO NUCLEAR 
WASTE MANAGEMENT

3. TYPES OF NUCLEAR WASTE AND MANAGEMENT METHODS
 3.1. Spent nuclear fuel
 3.2. Operating waste
 3.3. Decommissioning waste

4. COSTS OF NUCLEAR WASTE MANAGEMENT

5. CONCLUSIONS

 

OL4_PAP_eng_FINAL.indd   131OL4_PAP_eng_FINAL.indd   131 5/30/08   2:12:45 PM5/30/08   2:12:45 PM



1. GENERAL

Th e operation of a nuclear power plant produces nuclear waste. In propor-
tion to the amount of energy produced, the amount of waste and the as-
sociated space requirements are small. Th e management of diff erent types 
of nuclear waste calls for diff erent technologies and schedules. A part of 
waste management is appropriate or possible to implement only aft er the 
operating stage of the power plant.

Th e principle of nuclear waste management is to isolate the waste from 
the living environment. In addition, the fi nal disposal of nuclear waste 
will be designed in a way that does not call for supervision to ensure long-
term safety.

Th e licensee of a nuclear power plant is responsible for the implementa-
tion and costs of nuclear waste management. TVO’s existing and planned 
nuclear waste management arrangements or similar are also appropriate 
for managing the nuclear waste from the new power plant unit. Th e com-
pany’s existing and planned arrangements are appropriate for managing 
all nuclear waste from the existing and future plant units.

2. REGULATIONS AND SUPERVISION RELATED TO NUCLEAR WASTE 
MANAGEMENT

Th e central principles for arranging nuclear waste management in Finland 
are defi ned in the Nuclear Energy Act, Nuclear Energy Decree, the Gov-
ernment’s decision-in-principle regarding the objectives for research, sur-
veying and planning of nuclear waste management on 10 November 1983, 
the decisions by the Ministry of Trade and Industry on 19 March 1991 
(7/815/91 MTI) and 26 September 1995 (11/815/95 MTI) on the principles 
to be observed in nuclear waste management for nuclear power plants, as 
well as the operating licences for the existing nuclear power plants. In ad-
dition, there is the MTI decision on 23 October 2003 9/815/2003, which 
postponed the schedule of a construction licence application from 2010 to 
2012. According to these, the producer of nuclear waste shall bear the re-
sponsibility for nuclear waste management measures and their costs. Ac-
cording to the Nuclear Energy Act, the producer of waste is obliged to pre-
pare for the future costs of nuclear waste management by making annual 
payments to the Finnish State Nuclear Waste Management Fund to the 
amount confi rmed by the Ministry of Employment and the Economy and 
by depositing a security covering the diff erence between the total costs and 
the deposited funds. Th is ensures that nuclear power operators will pay 
the costs of nuclear waste management measures that are not current yet.

Th e above decisions by the Ministry of Trade and Industry present the 
principles, design criteria and schedules for the management of spent 
nuclear fuel, operating waste and decommissioning waste from nuclear 
power plants.
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In accordance with the Nuclear Energy Act, the Ministry of Employment 
and the Economy is responsible for the highest management and super-
vision of nuclear waste management as well. Th e safety of nuclear waste 
management is supervised by the Radiation and Nuclear Safety Author-
ity, which thoroughly reviews all nuclear waste management plans in ad-
vance and supervises their implementation.

Th e safety requirements applicable to the fi nal disposal of nuclear waste 
are specifi ed in the Government Decisions (GD), which include GD 
398/91 on the general regulations for the safety of a fi nal disposal facil-
ity for reactor waste and GD 478/99 on the safety of the fi nal disposal of 
spent nuclear fuel. Th ese GDs will eventually be replaced with a Govern-
ment Decree currently at the draft  stage.

3. TYPES OF NUCLEAR WASTE AND MANAGEMENT METHODS

Nuclear waste originating in nuclear power plants includes:
– spent nuclear fuel
– low and intermediate-level operating waste
– decommissioning waste

3.1. Spent nuclear fuel

Aft er removal from the reactor, spent nuclear fuel is stored in water pools 
at the power plant for 3 to 10 years. Th e water cools the nuclear fuel and 
provides protection against the radiation emitted by it. Storage will con-
tinue in an interim storage facility for spent fuel which exists at Olkiluo-
to in Eurajoki. Th e existing interim storage facility can be expanded if 
required, or a new facility can be built for the needs of the new nuclear 
power plant unit. An expansion to the existing interim storage facility for 
spent fuel is planned to start in the early 2010s. Th e expansion will be im-
plemented as to allow further additional expansion.

Th e activity of the nuclear fuel and the heat generated in it decrease dur-
ing storage. Aft er 20 years in interim storage, for example, the remaining 
activity of the nuclear fuel is to the order of a few thousandths of the ini-
tial value when removed from the reactor.

Aft er the storage phase, the spent nuclear fuel could be reprocessed, and 
the remaining task would be the disposal of reprocessing waste, or it can 
be disposed of without reprocessing. However, the Nuclear Energy Act 
requires that all nuclear waste must be processed and fi nally disposed of 
in Finland. Because there are no reprocessing plants in operation or un-
der planning in Finland, the starting point for this application is the fi nal 
disposal of nuclear fuel without reprocessing.

Jointly with the company then known as Imatran Voima Oy, TVO estab-
lished a separate company, Posiva Oy, for the fi nal disposal of spent nucle-
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ar fuel. Its task is to develop the technology required for the fi nal disposal 
of spent nuclear fuel from the Olkiluoto and Loviisa nuclear power plants, 
to carry out the safety and site surveys required for the implementation of 
disposal and to eventually take charge of the practical implementation of 
fi nal disposal of spent nuclear fuel from its owners’ nuclear power plant 
units existing in Finland and potentially constructed in Finland. Posiva 
has carried out a statutory environmental impact assessment of the dis-
posal facility concerning 9,000 tonnes of spent nuclear fuel, and will fi le 
a separate application for a decision-in-principle concerning the fi nal dis-
posal of spent nuclear fuel from Olkiluoto 4.

Parliament ratifi ed the Government’s decision-in-principle concerning fi -
nal disposal of spent nuclear fuel from the OL1, OL2, LO1 and LO2 plant 
units in accordance with the Nuclear Energy Act in 2001, followed by the 
decision-in-principle concerning fi nal disposal of spent nuclear fuel from 
OL3 in 2002. Th e fi nal disposal of spent nuclear fuel from OL4 will re-
quire a new decision-in-principle.

For the purpose of fi nal disposal, spent nuclear fuel is packaged (encap-
sulated) in tight metal containers, which are placed deep into the Finnish 
bedrock to a depth of approximately 400 metres. Th e fi nal disposal facil-
ity comprises an encapsulation plant on the ground and the fi nal disposal 
facilities below it in the bedrock (Figure 14–1).

Th e safety of fi nal disposal is based on the so-called multiple barriers prin-
ciple, according to which spent fuel shall be isolated from the living envi-
ronment inside several barriers that are as independent of each other as 
possible, so that any defi ciencies or faults in one barrier do not essentially 
hamper the isolation ability of the entire system. Th e barriers include the 
actual fuel matrix, the fuel cladding, the container (canister) for fuel as-
semblies, the bentonite clay surrounding the container, and the bedrock.

Th e location of the fi nal disposal facility is Olkiluoto in Eurajoki. Th e 
construction of a research facility (ONKALO) is currently underway at 
the site for the purpose of conducting research that will fi nally confi rm 
the suitability of the location for fi nal disposal, Figure 14–2.

Figure 14–1 Posiva’s plan for a spent nuclear fuel encapsulation plant and fi nal repository.
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Figure 14–2 Entrance of the tunnel leading to the spent fuel fi nal disposal research 
facility (ONKALO) at Olkiluoto. The research facility will eventually constitute a part of 
the spent fuel fi nal repository.

Spent nuclear fuel will be transported within the Olkiluoto power plant 
area from the reactor buildings to interim storage and from interim stor-
age further to the fi nal disposal facility. All transports of fuel at Olkiluo-
to take place within the closed plant area, and fuel does not need to be 
transported on public roads.

Posiva has prepared safety analyses for the transport of spent nuclear fuel, 
the operation of the disposal facility and the long-term isolation ability of 
the fi nal disposal solution. According to these, the total radiation burden 
imposed by fi nal disposal on people and the living environment is negli-
gible. Th e disposal solution complies with the safety requirements stated 
in the Government Decision 478/99 in terms of both operating safety and 
long-term safety.

Th e fi nal disposal of spent nuclear fuel from the new nuclear power plant 
unit is planned along the same principles applicable to the existing plant 
units and OL3 under construction. Th e starting point for Posiva’s plans 
is that spent nuclear fuel from the new plant unit will be fi nally disposed 
of in the same fi nal disposal facility with spent nuclear fuel from the ex-
isting units. Th e environmental impact assessment procedure carried out 
by Posiva covers the amount of fuel estimated to be generated during the 
operation of six plant units. According to a statement by the Ministry of 
Trade and Industry, the fi nal disposal of spent fuel from a sixth nuclear 
power plant unit is subject to a separate decision-in-principle, and the ap-
plication must be accompanied with an up-to-date description of the en-
vironmental impact of the fi nal disposal facility.
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3.2. Operating waste

Operating waste refers to low and intermediate-level radioactive waste 
arising from the operation of a nuclear power plant, such as ion exchange 
resins used for cleaning process waters, radioactive wastewater and di-
verse dry waste from maintenance operations. Th e starting point for 
management operating wastes is that all waste shall be processed, stored 
and fi nally disposed of in Finland, and that the producer of waste shall be 
responsible for all costs of waste processing, storage and fi nal disposal.

Most operating waste at Olkiluoto is immediately packed for processing, 
storage and disposal. Th e intermediate-level ion exchange resins used 
for cleaning process water are solidifi ed into bitumen and the mixture is 
cast into steel drums. Some of the low-level waste (compressible diverse 
maintenance waste) is compressed into steel drums using a hydraulic 
press, while others (scrap metal and fi lter rods) are packed into steel and 
concrete boxes and steel drums as such. Drums containing compressible 
waste are also compressed so that the fi nal height is approximately one-
half of the original and the diameter is unchanged. Scrap metal can also 
be compressed before packing. Diverse liquid wastes and sludges are so-
lidifi ed by mixing the waste with a binding agent in a drum that becomes 
the packaging for the solidifying product.

Locations for all operating waste are existing or planned within the 
Olkiluoto power plant site. A fi nal disposal facility for operating waste 
(VLJ repository) was introduced into use at Olkiluoto in 1992. Th e facility 
is used for the fi nal disposal of operating waste accumulated during the 
operation of the power plant. Very low-level waste is released from super-
vision and taken to a landfi ll or handed over to a third party for process-
ing and recycling, for example.

Th e management and fi nal disposal of operating waste from the new plant 
unit can be implemented on the same principles. More room for fi nal dis-
posal will be excavated near the existing facilities in the same manner as 
planned for the decommissioning waste. A principal diagram of the fa-
cilities required for operating and decommissioning waste from the four 
nuclear power plant units at Olkiluoto is presented in Figure 14–3.

3.3. Decommissioning waste

When a nuclear power plant is decommissioned, radioactive materials re-
main in the structures, systems and equipment as a consequence of either 
contamination or activation. When the power plant is no longer used, it 
can be brought to a safe storage state (safe enclosure) or dismantling can be 
started immediately. Safe enclosure would last for a few decades, aft er which 
the radioactive parts would be dismantled and disposed of. Safe enclosure 
facilitates dismantling work and reduces the amount of waste to be disposed 
of as the activity decreases. If necessary, the active parts of the nuclear pow-
er plant can be dismantled aft er a shorter storage period, such as one year.
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Figure 14–3 Final disposal facility for operating waste and a future fi nal disposal facility for 
decommissioning waste at Olkiluoto in Eurajoki. The control building, the shaft leading down 
from it, the access tunnel and the two silos on the right are all parts of the existing VLJ reposi-
tory. The two silos in the centre of the picture will be added during the operational life of OL3 
and OL4. When plant units are decommissioned, the fi nal disposal facility for operating waste 
will be further expanded by building four new silos for decommissioning waste (on the left), a 
process building, a shaft down from the process building, an access tunnel and two separate 
vertical shafts for the fi nal disposal of reactor pressure vessels.

Th e existing Finnish power plant units can be dismantled using current 
technology and the decommissioning waste can be safely fi nally disposed 
of in the bedrock at the plant site together with operating waste. A sig-
nifi cant part of the decommissioning work is similar to the annual main-
tenance outages in terms of measures and radiation protection. Th e de-
commissioning plans are developed continuously and updated at fi ve-year 
intervals. Th e most recently updated plans were submitted to the authori-
ties in late 2003.

Th e new nuclear power plant unit will be decommissioned in accord-
ance with the same principles approved by the authorities that have been 
used in the decommissioning plans for the existing plant units. Th e fi nal 
disposal facilities constructed for operating waste at the power plant site 
will be extended to allow for the fi nal disposal of decommissioning waste 
from the new nuclear power plant unit. Th e safety of the fi nal disposal of 
decommissioning waste has been reviewed using safety analyses similar 
to those associated with the safety of the fi nal disposal of spent nuclear 
fuel and operating waste.

4. COSTS OF NUCLEAR WASTE MANAGEMENT

Preparations are made for the costs of nuclear waste management in ac-
cordance with the Nuclear Energy Act, also with regard to the new nu-
clear power plant venture. Th e principles are the same as those applicable 
to the existing power plant units.
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Th e nuclear waste management fees paid by TVO are based on annual 
assessments of the amount of liability, which are presented to the Minis-
try of Employment and the Economy for approval. Th e calculations are 
based on the updated waste management plans of the company and the 
amounts of waste produced.

Th e amount of liability covers future expenses caused by the management 
of nuclear waste from the nuclear power plant. Th e costs of spent nuclear 
fuel management include the costs of transports, interim storage, encap-
sulation and fi nal disposal. Th e amount of liability also covers the costs 
of fi nal disposal of operating waste, decommissioning of the power plant 
and fi nal disposal of the decommissioning waste.

Preparation for the costs of nuclear waste management in accordance 
with the Nuclear Energy Act is based on the current amount of nuclear 
waste and the costs of all future actions. Th e Nuclear Energy Act does 
not allow the discounting of future costs; these must be calculated and 
funded in full, corresponding to the real current value. Th e deposits of 
funds can be allocated to specifi ed years. Th e non-funded part must be 
covered with securities.

For example, the total costs of nuclear waste management for the three 
plant units at Olkiluoto (including past and future costs) are EUR 3.8 bil-
lion (60 years of operation). As the corresponding total amount of electric 
power produced by the plant is estimated to be 1,500 TWh, the average 
cost burden due to nuclear waste management on the price of nuclear 
electricity is 0.25 cents/kWh.

Th e construction of the new nuclear power plant unit will increase the 
amount of nuclear waste, which will increase the total costs but reduce 
the unit costs. Th e nuclear waste management technology and required 
measures will be the same as those applicable to the existing plant units.

TVO is the most signifi cant fi nancier of the national nuclear waste man-
agement research programme. Th e programme is fi nanced with a statuto-
ry fee levied on parties obliged to answer for waste management, and its 
purpose is to ensure that the authorities will have the required expertise 
if new issues arise. TVO’s annual payments to the program are approxi-
mately EUR 700,000.

5. CONCLUSIONS

Th e applicant has access to safe methods, the required locations for fi nal 
disposal facilities and funding for arranging all the nuclear waste man-
agement for the new nuclear power plant unit. Th e planned arrangements 
correspond to the principles and plans currently applicable at Finnish nu-
clear power plants. Nuclear waste management for the new nuclear power 
plant unit can be implemented using existing technology.
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Teollisuuden Voima Oyj

Olkiluoto

FI-27160 EURAJOKI, FINLAND

Telephone +358 2 83 811

Fax +358 2 8381 2109

www.tvo.fi 

Teollisuuden Voima Oyj

Töölönkatu 4

FI-00100 HELSINKI, FINLAND

Telephone +358 9 61 801

Fax +358 9 6180 2570

Teollisuuden Voima Oyj

4 rue de la Presse

1000 BRUSSELS, BELGIUM

Telephone +32 2 227 1122

Fax +32 2 218 3141

Subsidiaries

Posiva Oy

Olkiluoto

FI-27160 EURAJOKI, FINLAND

Telephone +358 2 837 231

Fax +358 2 8372 3709

www.posiva.fi 

TVO Nuclear Services Oy

Olkiluoto

FI-27160 EURAJOKI, FINLAND

Telephone +358 2 83 811

Fax +358 2 8381 2809

www.tvons.fi 
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