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Abstract. A 1600 MWe European Pressurized Water Reactor (EPR) supplied by the Framatome ANP - Siemens 
Consortium is under construction at the Olkiluoto site in Finland. Current international safety requirements and 
especially French and German operating experience have been applied in the design. Finnish requirements and 
operating experience have also been applied, especially regarding site-specific features. Severe accident 
management and protection against a collision of a large passenger airplane are implemented in the plant design. 
The plant safety features, licensing procedure, Finnish regulatory requirements, changes to the original EPR 
design, project quality management and regulatory control are discussed. 

1. Introduction 

A European Pressurized Water Reactor (EPR) is under construction in Finland at the Olkiluoto site 
where two ABB boiling water reactors are in operation. The construction licence was granted in 
February 2005 by the Finnish Government. This paper describes the licensing history of the Olkiluoto 
3 (OL3) unit, the main points of the Finnish safety and quality management requirements and the main 
characteristics of the unit. Special emphasis is placed on the national and site-specific aspects of the 
project and on the use of operating experience in refining the regulatory requirements. 

OL3 is the first unit to be built according to the French-German European Pressurised Water Reactor 
(EPR) concept.1 The planned thermal power is 4300 MW and net electric power output approximately 
1600 MW. The plant unit design is based on the safety requirements developed for light water reactors 
in Germany and France in the 1990s, which have subsequently been supplemented by Finnish safety 
requirements. 

1.1. The licensing procedure 

The Finnish licensing procedure of nuclear power plants and other major nuclear facilities has three 
main stages defined in the Nuclear Energy Act and Decree [1], [2]. 

Decision in principle is granted by the Government and confirmed or rejected by the 
Parliament as such. Formally the decision in principle constitutes the Government’s opinion 
that the plant is in line with the overall good of the society. An absolute requirement for a 
positive decision in principle is that the siting municipality supports the project. STUK’s 
preliminary statement on the safety of the proposed plant, the Ministry of Environment’s 
statement, and a clarification on the arrangement of nuclear waste management are also 

1 Main features of the plant design are based on reference plants including the French N4 plants and the German 
Konvoi-type plants. 
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required as a basis for making the decision. An environmental impact assessment shall be 
done according to the EU directive and the results attached to the application. Statements 
and opinions are asked from a number of organizations and from the general public. Oral 
hearings are arranged at the proposed siting municipalities. In addition to safety and 
environmental issues the Government considers the significance of the proposed plant to the 
national energy supply.

Construction licence is granted by the Government. Licensing documents include the 
preliminary safety analysis report (PSAR), safety classification report and design phase 
PSA among others.

Operating licence is granted by the Government before the loading of fuel begins. 
Licensing documents are finalized versions of the documents attached to the construction 
licence application together with manuals and procedures needed for the safe operation of 
the plant.  

The Ministry of Trade and Industry has the responsibility to coordinate the licensing process. Before 
granting a license, statements and opinions are asked from a number of organizations and from the 
general public. The Radiation and Nuclear Safety Authority - STUK is responsible for reviewing 
safety-related documents and issuing safety assessments of the plant at all licensing stages. STUK can 
use outside consultants, such as the Finnish Technical Research Centre (VTT), for independent 
analyses and expert opinions.  

In addition to the licences defined in nuclear legislation, a nuclear facility requires other licences based 
on general legislation, such as the municipal construction permit and environmental permits, 
especially regarding the use of cooling water. 

1.2. Licensing of Olkiluoto 3 

In Finland the construction of the fifth nuclear power plant (NPP) unit has been under discussion since 
the first units were commissioned in the late 1970’s. Fairly advanced plans were postponed in 1986 
after the Chernobyl accident, and in 1993 the Finnish Parliament rejected a positive decision in 
principle granted by the Government.  

The present licensing procedure was started in 2000 when the TVO power company filed an 
application for a decision in principle. Seven plant concepts were described in the application: General 
Electric EABWR, Westinghouse (formerly ABB-Atom) BWR 90+ , Westinghouse AP1000 and 
EP1000, Framatome ANP EPR and SWR 1000 and the Russian VVER 91/99. The existing NPP sites, 
Olkiluoto and Loviisa, were considered as alternative sites of the new unit.  

According to STUK’s preliminary safety assessment none of the proposed plant designs fully 
complied with all the Finnish safety requirements, but for all the plant designs compliance could be 
achieved with reasonable modifications. 2

2 The terrorist attacks of 11 September 2001 took place during the decision in principle process, and lead to 
additional safety requirements on OL3, as explained in the next chapter. 
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After the hearing procedure the Government made the positive decision in principle in January 2002 
and it was ratified by the Parliament in May 2002. The decision in principle concerned a plant with 
electric power of about 1000 - 1600 MW to be constructed on either of the alternative sites. The 
decision did not include any preferences on the plant type or supplier.3

After the decision in principle TVO issued a call for tenders in September 2002 and received tenders 
from General Electric (ABWR), Atomstroyexport (VVER-1000) and from the Framatome ANP – 
Siemens AG Consortium (EPR and SWR 1000) in March 2003. TVO selected the EPR concept and 
signed a contract with the Framatome ANP – Siemens AG Consortium in December 2003. The 
investment decision and the selection of the plant type were done by TVO based on its own criteria. 
Government organizations were not involved in the selection process. 

The construction licence application was filed in January 2004. STUK issued its statement and safety 
assessment to the Government in January 2005 and simultaneously a detailed review report on PSAR, 
design phase PSA and other licensing documents to TVO. The Government granted the construction 
licence in February 2005. 

The progress of the project after the decision in principle was quite fast and demanding to all parties 
concerned. The fairly smooth progress was made possible by the extensive preparatory work done 
during the preceding phases, including updating of safety requirements (YVL Guides), expertise 
development and recruitment of new experts.4

2. Finnish safety requirements and OL3 design features 

The general safety requirements of nuclear power plants are set forth in the Government Decision 
395/1991[3]. More detailed requirements are defined in the YVL Guides issued by STUK, especially 
in Guide YVL 1.0 YVL 1.0 Safety criteria for design of nuclear power plants [4]. The Finnish safety 
philosophy is based on the principles applied worldwide for several decades. The core of the safety 
philosophy is the defence-in-depth principle that is best described in INSAG-10 document [5]. 

STUK continually evaluates the currency of the nuclear safety regulations relative to national and 
international operating experience, results of research and development and to current international 
developments, particularly within the framework of the International Atomic Energy Agency IAEA 
and the Western European Nuclear Regulators' Association WENRA. The currency of the YVL 
Guides is checked regularly at about five-year intervals; however, the guidelines concerning the design 
of nuclear power plants were updated in view of the OL3 project to ensure that the design criteria were 
up to date and known before the general contract for the delivery of the plant was signed.  

The EPR has been designed to comply with the European Utility Requirements (EUR) drawn up by a 
group of European nuclear electricity producers, including the Finnish utilities [6]. The development 
of the EUR document was started in the early 1990s and has involved discussions with major vendors 
and safety authorities.  

3 It is also worth noting that during the decision in principle procedure of OL3, the Parliament ratified a separate 
Government decision in principle for building a deep geological repository for spent nuclear fuel in the 
immediate vicinity of the Olkiluoto site. 
4 It also has to be noted that STUK started reviewing the EPR design late 1990’s when TVO’s feasibility studies 
for new reactor were initiated. In addition, STUK was able to benefit the results of the safety review done by 
French and German safety authorities during the 1990’s 
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2.1. Classification of design basis events 

According to the YVL guides the events departing from normal operation have to be divided by their 
estimated frequency into four categories: anticipated transients, postulated accidents (class 1 and 2), 
and severe accidents. All abnormal events with frequency of the initiating event estimated higher than 
10-2/year are anticipated transients. Postulated accidents have been divided into two classes according 
to their frequency: in class 1 the initiating event frequency of postulated accidents is 10-2...10-3 /year, 
and events with lower frequency are classified as class 2. 

In addition, certain special situations, such as airplane crashes, have to be assessed separately. In the 
case of OL3 they are called design extension conditions (DEC). The separate analysis of some event 
combinations (complex sequences) as DECs was also accepted, as proposed by the EPR designers. 
These analyses were aimed to justify sufficient diversity of the safety functions and systems and to 
prove that no “cliff edge” phenomena exist immediately outside the scope of the design-basis events 
that would endanger the safety of the plant. 

2.2. Acceptance criteria and analysis results 

For radioactive releases no direct limits are given in the regulations, except for the severe accidents, 
but the limits have to be calculated from the whole body dose limits to the general public. The 
calculations have to be made to the most exposed individual living in the vicinity of the plant, using 
conservative assumptions on his living conditions and diet. The limits are as follows [3]: 

normal operation: dose 0,1 mSv / year for the entire site 
anticipated events: dose 0,1 mSv per event 
design basis accidents, both classes: dose 5 mSv per event 
severe accidents: release of Cs-137 shall be less than 100 TBq and no acute health effects 
(this can be fulfilled only if containment function is maintained).  

Additional criteria for nuclear fuel integrity are described in YVL 6.2 Design bases and general 
design criteria for nuclear fuel [4]. The analyses submitted by the vendor were extensively verified 
with independent analysis done either by the STUK staff itself or by contracted expert organizations. 
Generally a good consistency was found in the results. Observations on the analyses and fulfilment of 
criteria are presented in [7], [8]. 

2.3. Protection against loss of primary circuit integrity 

Provisions against primary circuit pipe breaks (LOCAs) apply a three-staged defence-in-depth 
approach. The first stage consists of use of the Break Preclusion approach. It includes minimization of 
the number of welds by design, use of advanced manufacturing technology, choice of high quality 
materials, strength analyses exceeding the requirements applied to standard Safety Class 1 pressure 
equipment, stringent quality requirements, and extensive pre- and in-service inspection programs. 
Furthermore, it includes fulfilment of the Leak Before Break condition: diverse leak monitoring 
systems are used and it is demonstrated analytically for the material in question and all design basis 
loads that a leak is detected before any fault can proceed to fast rupture. 

The second stage consists of the mitigation of breaks. This is achieved with pipe whip restraints 
designed to limit motion of the broken pipe sections in case of a guillotine break. The reduced forces 
can be used as design bases in dimensioning the primary circuit main component supports, reactor 
pressure vessel internals, heat transfer tubes and other internals of steam generators, and the flywheel 
masses of the reactor coolant pumps. 
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The third stage consists of the risk reduction arising out of an unlimited double-ended flow from a 
guillotine break of the primary circuit piping. Although the pipe whip restraints actually set an upper 
limit to the flow, unlimited double ended flow is to be used as the basis for the thermal-hydraulic 
design of the reactor and the emergency core cooling system, as well as for defining the pressure and 
temperature requirements of the containment structures, and for the environmental qualification of the 
components needed to control accidents.  

2.4. Design basis for containment 

The containment must have adequate leak tightness to keep radioactive releases below the limits set 
for each category of design basis events and for severe core damage. It must maintain its integrity 
under loads caused by double ended large break LOCA and by phenomena expected after severe core 
damage. Furthermore, it must provide protection against airplane collision and other external events.  

Adequate capacity to carry pressure and temperature loads and to limit radioactive releases must be 
shown in conditions expected after a large break LOCA. This gives a sound basis to manage also 
severe accidents. 

All foreseeable loads threatening the containment integrity in connection with severe core damage 
must be identified, and necessary protection (prevention or mitigation) must be provided. AC power 
supply and control functions needed for severe accident management have to be provided by dedicated 
systems that meet single failure criterion and are not connected with other AC power and I&C 
systems.  

Consequently, the following issues have been considered in OL3 severe accident management 
strategy: 

- high pressure failure of reactor vessel is prevented by dedicated redundant depressurization 
valves, and safety valves provide still additional diversity 

- hydrogen management with autocatalytic recombiners and arrangements that provide 
mixing of containment atmosphere, as needed to prevent detonation  

- low pressure melt arrested in a core catcher, with passive long-term cooling  
- containment integrity against dynamic loads 
- containment pressure management in long term 
- dedicated batteries, diesel generators and I&C systems to sustain the above functions. 

2.5. Systems design principles 

Basic requirements of system design are the following: 

- Systems performing the most important safety functions shall be able to carry out their tasks 
even if any individual component in any system were to fail and any component affecting 
the safety function were to be out of service simultaneously due to repair or maintenance 
(N+ 2 criterion). 

- In ensuring the critical safety functions, systems based on diverse principles of operation 
shall be used where possible. 

- Redundant safety systems, as well as redundant parts of safety systems, shall be physically 
separated from each other, so that their common cause failure due to external or internal 
hazards is unlikely. Separation has to be consistently applied to the auxiliary systems that 
sustain the function of safety systems.  

- Execution of the most important safety functions shall be possible by using only on-site or 
only off-site electrical power supply systems.  
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Reliability of systems and their adequate performance with safety margins has to be demonstrated with 
deterministic and probabilistic analysis. 

The design of the OL3 systems is based on the following principles: 

- Each system needed to support reliable normal operation is at least two redundant (2x100% 
or N+ 1 criterion). Therefore no single failure is expected to initiate a plant wide transient.  

- For controlling anticipated operational transients, and also many class 1 postulated 
accidents, there are always at least two different means (functional diversity), and both of 
the respective systems have two redundancies (N+ 1 & D+ 1). 

- For controlling postulated accidents there are four redundant subsystems with capacity of 50 
to 100% (depending on the accident type), and thus at least two subsystems can be lost 
without loss of protective function (N+ 2). 

- The systems designed for controlling severe accidents are two redundant (N+ 1).  

Separation of safety systems and redundancies at OL3 is designed with care. Redundant safety 
systems are separated by placing them in different buildings or building sections (divisions). The most 
important safety systems are housed in four safety buildings located around the reactor building. The 
access paths between the buildings are designed to ensure that incidents jeopardizing the safety 
functions, such as fires or floods, cannot spread from one building to another. 

The four principal emergency diesel generators are divided in two pairs that are located in physically 
separated buildings, and within those buildings the diesel generators are situated in separate fire 
compartments. There are no direct connections between the power supply sub-systems except in case 
of temporary cross-connections between sub-system pairs. Similarly, four seawater circuits designed 
for the removal of residual heat are located in pairs in two pumping stations. All four seawater circuits 
have their own tunnels, although the actual tunnels run side by side in pairs. Access paths are provided 
between the tunnels for personnel and fire safety reasons, but they are normally kept closed. 

Additionally, both seawater pumping stations have one separate pump and connection to the direct 
cooling circuit designed for controlling severe accidents and DEC situations. Power supply to these 
systems is ensured by additional dedicated SBO (station black-out) diesel generators. 

More generally, when four redundant safety systems are placed in certain buildings in pairs, these 
buildings are located as far from each other as possible and, in the case of the critical safety functions, 
there are always other massive buildings in between. This arrangement reduces the probability that 
any external influence (weather phenomena, airplane crash, etc.) would prevent both pairs 
simultaneously from performing their task. 

2.6. Diversity in the design 

In the design of the OL3 the diversity principle has been applied at the functional level and, to some 
extent, within the systems. Diversity has been applied to the following safety functions: 

- reactor shutdown 
- primary pressure control 
- reactor core cooling and decay heat removal 
- containment isolation (external versus internal isolation valve). 
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The same principle is also applied to the auxiliary functions required for sustaining the above 
functions: power supply, I&C, cooling, ventilation, and operation from the control room versus 
auxiliary control room. 

Diversity is provided in the I&C systems by using different hardware platforms for various levels of 
defence. The safety I&C system that provides back-up for the protection system will be built on the 
same platform as the process I&C system, whereas the reactor control, surveillance, limitation and 
protection systems will be built on a different platform specially designed for nuclear safety 
applications. The hardwired back-up I&C (HWBU) system will be built on a platform that uses no 
programmable technology. 

Electrical power to the plant unit is available from a number of diverse sources: off-site 400 kV and 
110 kV grid, unit-to-unit supply connections via the Olkiluoto 400 kV substation, in-house supply 
from the main generator, four emergency diesel generators, two SBO diesel generators (for the most 
important functions), and the gas turbine plant to be built close to the site. In addition, the DC supply 
to safety classified I&C systems as well as AC supplies for critical valves operations are backed-up by 
battery banks.  

2.7. Protection against external and internal hazards  

Experience from operating incidents caused by harsh weather conditions in the existing Olkiluoto 
units has been taken into account in the design of OL3. In addition, risk analyses of the existing units 
have revealed some vulnerabilities which have required plant modifications. Corresponding problems 
should be avoided in OL3 by adequate design. For example, seismic PSAs revealed relatively large 
risks, although seismic activity is low in Finland. Especially the supports or anchorage of electric 
cabinets and batteries were found to be inadequate, since there where no requirements on seismic 
design when the operating plants were built.  

According to the current regulatory requirements the most important nuclear power plant safety 
functions shall remain operable in spite of any natural phenomena estimated possible on site or other 
events external to the plant. In addition, the combined effects of accident conditions induced by 
internal causes and simultaneous natural phenomena shall be taken into account to the extent 
estimated possible. [1, 2] 

Site specific evaluations are necessary for determining the relevant external hazards and their severity. 
The following external hazards are taken into consideration in the design of OL3: 

- safe shutdown earthquake (SSE) 
- airplane crash (APC) 
- explosion pressure wave (EPW) 
- electromagnetic pulses and high power electromagnetic disturbance (HEMP/HPEM) 
- extreme meteorological and oceanographic conditions. 

The current seismic design requirements are specified in YVL 2.6 Seismic events and nuclear power 
plants. The seismic design shall be based on ground response spectrum with a return period of 100 000 
years at the site [4].The corresponding peak ground acceleration at the Olkiluoto site was evaluated as 
0.85 m/s2, but in accordance with YVL 2.6 the design value was set conservatively as 1 m/s2 which is 
recommended by the IAEA as the minimum value. 

OL3 will be protected against a collision of a large passenger jet and a fighter plane, see section 2.5. 
The reactor building, fuel building and two out of four safety system buildings are protected by thick 
double concrete walls. 
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Two safety system buildings and some support system buildings are protected by distance separation. 
In addition to the direct damage of the building structures, the mechanical oscillations and fire caused 
by a airplane collision are taken into consideration in design.  

The plant has been designed against an explosion pressure wave and against potential attacks made 
using different terrorist weapons, as specified in confidential documents .  

Design basis for extreme meteorological and oceanographic conditions was determined using 
observational data from the site and near by measuring stations. Based on operating experience of the 
existing units and an external events screening analysis the following external events were found 
important: organic material in seawater (algae, bivalves, etc.), frazil ice (subcooled seawater freezing 
in the water intake) and snowstorm. Algae and frazil ice may cause blockage of the essential service 
water system and endanger residual heat removal and component cooling. Snowstorm has a potential 
for causing simultaneous loss of offsite power and blockage of diesel generator cooling and/or 
combustion air intakes. Operating experience of the existing Olkiluoto units includes partial blockage 
of seawater systems by algae, bivalves and frazil ice. Blockage of air intakes with snow has also been 
observed during diesel generator testing. 

In OL3 the precautions against blockage of seawater intake include cleaning systems and return of 
warm main cooling water to the intake. In addition, the plant has been design to withstand a total loss 
of ultimate heat sink for 72 hours. To avoid blockage of diesel generator air intakes, the intake of 
different diesels takes place from different directions and the intakes are protected by special 
structures and heating of intake screens. 

The plant is situated on sea coast on relatively flat base rock. Many geological hazards, such as 
landslides, avalanches, soil liquefaction and tsunamis, are not considered possible at the site. The 
ground level of about + 3.2 m above mean seawater level provides sufficient margin to the extreme 
seawater level considered physically possible. As there are no main transport routes or industrial 
facilities in the vicinity of the plant, hazards due to industrial or transport accidents, e.g. poisonous or 
explosive gases, are minimal.  

Protection against internal hazards (fires, floods, pipe whips, missiles explosions, etc.) is mainly based 
on physical separation by structures, distance and building layout design. Cables will be of the flame 
retardant non-corrosive type (FRNC). Safety system trains are situated in four separate safety 
buildings. Regarding physical separation, critical areas are the reactor containment, its annulus and the 
cable routes to the main control room. In these rooms the separation will be based on distance, 
structures and local fire protection applications. Fire extinguishing systems will be installed in the 
cable spreading room below the main control room, in the containment for the main coolant pump 
motor oils systems, the diesel generators, the turbine hall and the big oil filled main transformers. 

2.8. Verification of the design with PSA 

A design phase PSA up to level 2 is required to support an application for Construction Permit. 
Regulatory guide YVL 2.8 Probabilistic safety analysis in safety management of nuclear power plants
[4]specifies the following probabilistic design objectives: 

- mean value of the core damage frequency, as estimated from a comprehensive level 1 PSA, 
is less than 1.0E-5/year  

- mean value of a large radioactive release frequency (more than 100 TBq Cs-137), as 
estimated from a comprehensive level 2 PSA, is less than 5.0E-7/year.  
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Design has to be improved if these objectives are not met. The design phase PSA has to be completed 
during the construction of the plant when detailed design is available. If new risk factors are identified 
after issuing a Construction License, and the safety objectives are no more met, all reasonable efforts 
have to be taken to reduce the risk.  

The plant vendor has presented a design phase PSA for the OL3. STUK has carried out a review of the 
PSA, including some independent analyses to verify its quality and accuracy.  

According to the Level 1 design phase PSA, the mean value for OL3 core damage frequency is 
approximately 1.8E-06/year (power operation and outages). 

As a basis for the level 2 PSA, the vendor has assessed physical progression of sequences leading to 
severe reactor accident and the timing of release in accidents which threaten the structural integrity of 
the containment or its functional tightness, or in which a release from the primary circuit occurs 
through systems located outside the containment building (containment by-pass). The quantity, 
probability and timing of radioactive releases from the containment building have been determined in 
level 2 PSA. 

According to the vendor’s current results, the frequency of exceeding the release limit for a severe 
accident is 1.0E-7/year. 

2.9. Radiation protection 

Radiation protection requirements to be considered in the system and layout design of a nuclear power 
plant are stated in Guide YVL 7.18 Radiation safety aspects in the design of a nuclear power plant [4].  

The plant supplier has used the operating experience from German and French PWR’s in the design of 
OL3 to limit the radiation exposure of the workers. For example, the following measures have been 
implemented in system design: 

- fission product leakage from the nuclear fuel is kept at a low level during operation 
-  materials selections are optimized with regard to materials contributing to radiation doses 

(such as stellite coatings containing cobalt); however, cobalt is used at critical places, such 
as on the contact surfaces between reactor internals, because no material with similar 
mechanical properties that would be more advantageous in terms of radiation doses is 
available 

- structural radiation shields are provided to reduce doses, particularly during maintenance. 

Radiation protection has been taken into account in the planning of maintenance operations as follows: 

components have been positioned to facilitate testing, maintenance, inspection, repair and 
replacement 
the number of welded joints in pipe lines have been minimized to reduce the number of 
items to be inspected 
maintenance-free components are used in areas with high radiation levels. 
sampling, measuring and monitoring equipment are placed in areas with a low radiation 
level 
components emitting high radiation fields are handled remotely 
thermal insulation is in cassette form to enable quick installation and removal 
space is provided for preparatory work in low-radiation areas. 
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The plant supplier estimates that the collective radiation dose received by the workers at OL3 would 
be about 250 to 500 manmSv/year, depending on the duration of the refuelling cycle. The estimate is 
greater than the actual collective doses received at the German Konvoi-type PWRs but not greater than  
the collective doses at the French N4 PWRs. This difference is largely explained by the different 
primary circuit materials. 

2.10. Design modifications due to regulatory review 

As a result of the regulatory review of construction license documentation some changes were 
required to the original plant design. The examples below indicate that the design modifications 
required by STUK were mostly related to the improvement of the reliability of safety significant 
systems by adding diversity, redundancy or separation.  

One of the changes was related to the consideration of large break LOCA in the design basis of the 
plant. STUK required pipe whip restraints to be implemented in the primary systems in addition to the 
Break Preclusion concept. In addition, consequences of a guillotine 2A LOCA to the cooling of the 
core and radioactivity control were to be analyzed. Provision against severe accidents had to be 
improved by doubling the dedicated depressurizing valves in the primary circuit and by simplifying 
the design of the core melt spreading area floor construction. Analyses concerning hydrogen 
distribution and margins against hydrogen explosions in the containment resulted in the installation of 
additional hatches on the top of the steam generator compartments to guarantee adequate distribution 
of hydrogen in the containment. With regard to airplane crashes, some changes were incorporated in 
the design during the review to increase wall thicknesses and distances between the inner and outer 
walls of the safety and fuel buildings and protection of ventilation air intakes from fuel ingression. 

In the accident analysis area, management of steam generator tube ruptures was modified to minimize 
direct releases into environment. STUK also paid attention to the containment sump design, requiring 
provision of backflushing capability to clean the filter, and followed closely the tests performed to 
verify the proposed design. Regarding instrumentation and control, the review focused on the 
architecture and functions of the different I&C systems, especially on the application of diversification 
and separation (e.g. use of sensors) between the protection system and its diverse back up. STUK also 
required a simple hardwired back up system to cope with a total loss of digital I&C.  

Regarding the separation requirements of the electrical systems, safety classified electrical cables were 
to be physically separated from the non-safety cables. Separation of electric supply from the DBA 
systems and systems dedicated to severe accidents were improved. In addition, a gas turbine plant to 
be built on site will provide independent AC power to all units. Additional fire walls were to be 
constructed in the annulus area to separate redundancies from each other. Some modifications were 
required due to Finnish weather phenomena. For example, the air intakes of the emergency diesel 
generator and the cooling systems had to be protected against snow blocking. 

3. Quality management in the OL3 project 

The licensee has the primary responsibility for the safety of a nuclear power plant. Consequently an 
important part of regulatory control is to verify that the licensee has adequate resources and an 
effective organisation together with an advanced management system in place to manage the project. 
In addition, the plant vendor and its subcontractors have to have comprehensive quality and safety 
management systems in place.  
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According to the regulatory requirements set forth in the Government Decision 395/1991 [3] and in 
more detail in Guide YVL 1.4 Quality assurance of nuclear power plants [4], advanced quality 
assurance programmes shall be employed in all activities which affect safety and relate to the design, 
construction and operation of a nuclear power plant. 

3.1. TVO’s arrangements for quality management 

For OL3 project, the quality control and assurance of design, equipment manufacturing and 
construction has been described in TVO's quality policy and quality management system forming a 
part of project’s management system. It states the procedures and responsibilities of all parties 
involved in the implementation of the project. The highest level document in the system is the project 
quality policy, to which all project participants (TVO, the Framatome ANP - Siemens AG Consortium 
and subcontractors used by it) must commit themselves. 

The established quality management system is based on international quality standards. The quality 
control and assurance requirements set in the YVL Guides and code 50-C-QA of the IAEA have been 
taken into account in the system. The quality standards, YVL Guides and the IAEA code are to be 
followed in the quality management systems of all the organisations that have an impact on the safety 
of the facility.  

According to the regulatory requirements the quality of activities has to be ascertained at various 
stages to the extent and allocation as required by the safety significance of each system, structure and 
item of equipment. Quality assurance has to cover the assessment and supervision of the project itself, 
the subcontractors used in the project, the Consortium, and the equipment suppliers.  

TVO will also use the quality management system to ensure high quality for the activities of the 
Consortium. Adequate design documentation inspections and approval procedures have also been 
created for the system. Audits performed in the premises of the Consortium and the equipment 
suppliers are also used to ensure that the quality level set for safety-related activities is achieved. 

3.2. Consortium’s quality management 

The Consortium has designed a general quality management programme for the OL3 project as 
guidance for its activities. The programme requires that the Consortium and all project participants 
commit themselves to a high quality and safety culture and to a continuous improvement of activities 
and the monitoring of the effect of quality management systems.  

The Consortium has quality management systems consisting of three-level documentation, which have 
been complemented with quality plans that cover the different stages of the OL3 project and with a 
project-specific quality assurance programme. The procedures, tasks and responsibilities are described 
in detail in the Consortium's manuals (Project Manual, Design Manual, Site Manual, Erection Manual, 
Commissioning Manual etc.) dealing with this project. 

The Consortium's quality assurance in different technological areas is described in the preliminary 
safety analysis report. The report and supplementary topical reports present the principles for quality 
assurance activities. The report also defines equipment quality grades based on equipment safety 
classes, as well as inspection and approval procedures for design and manufacturing documents. 
Special requirements have also been placed on quality control because of the nature of the technical 
solutions chosen for the facility (use of programmable automation technology and the construction of 
major pressure vessels and pipework based on the principle of Break Preclusion). 
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3.3. Control of quality management in the project 

TVO evaluates the quality control methods and quality assurance operations of the design 
organisations through auditing the Consortium and the external design organisations used by it. STUK 
oversees that TVO is fulfilling its responsibilities. This has been mainly accomplished by taking part 
in the audits performed by TVO. In addition, STUK has carried out inspections of the Consortium’s 
units responsible for probabilistic safety analysis and radiation safety.  

Based on the experience the audits and the inspections have been useful. Via audits STUK has been 
able to get familiar with the Consortium’s way of working. In addition, audits have revealed quality-
related deficiencies in the activities of the Consortium and the design organisations used by it. The 
Consortium has taken corrective actions to remove the deficiences. 

4. Conclusion 

The EPR 1600 plant under construction in Olkiluoto has been designed to comply with the current 
international safety principles, the Finnish regulatory requirements and the European utility 
requirements, including a management strategy for core melt accidents. Several modifications to the 
original EPR design were made during the licencing procedure based on the Finnish regulatory 
requirements. Protection against a collision of a large passanger airplane was required after the 11 
September 2001 terrorist attacks.  

International experience, especially from the German and French PWR plants, has been used in the 
design of EPR layout and systems. The experience from the Finnish nuclear power plants has also 
been taken into consideration especially regarding protection against harsh weather conditions and 
other site specific issues.  
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