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Introduction
Teollisuuden Voima Oyj (TVO) submitted an operating licence application to the
Government in April 2016. At the same time, TVO submitted to the Radiation and
Nuclear Safety Authority (STUK) the operating licence documentation required by
Section 36 of the Nuclear Energy Decree (161/1988). The Final Safety Analysis
Report (FSAR) is part of the documentation required by the Nuclear Energy Decree.
The Olkiluoto 3 (OL3) nuclear power plant unit is an EPR-type pressurised water
reactor with a net electrical output of approx. 1,600 MW. The EPR reactor (European
Pressurised Water Reactor) is based on the French N4 plants and German Konvoi
plants. In February 2005, the Finnish Government issued a construction licence for
the Olkiluoto 3 nuclear power plant unit. For the construction licence, STUK issued a
statement about the construction permit application for the ministry at the time, the
Ministry of Trade and Industry. In the construction licence phase, STUK reviewed the
Preliminary Safety Analysis Report (PSAR).
After the granting of the construction licence, during construction, STUK reviewed
and approved the detailed plans for the systems and equipment. STUK’s approval of
the sys-tem design was a precondition for submitting the operating licence application
(STUK decision 1/G43000/2009).
The FSAR review report presents the results and conclusions of the STUK review as
well as the justifications of any requirements. The report also discusses the changes
made in the design after the construction licence phase as well as the approved YVL
deviations.
Legal basis
The STUK review is based on STUK’s regulations and nuclear safety guides (YVL
guides).
In July 2015, STUK was authorised to issue more specific regulations on the
technical details of safety principles and requirements [Act amending the Nuclear
Energy Act (676/2015)]. The STUK regulations, which supersede the earlier
Government Decrees (VNA), entered into force on 1 January 2016. No significant
changes were made to the contents of the regulations compared to the decrees. The
application of the regulations for the Olkiluoto 3 nuclear power plant unit started
immediately on their entry into force without separate enforcement.
New versions of Regulations on Safety, on Emergency Arrangements and on Safety
of Disposal of Nuclear Waste were published in December 2018. The level of safety
required by the regulations did not change in the update made in 2018. Olkiluoto 3
nuclear power plant unit conforms to the requirements of Regulation on the Safety of
a Nuclear Power Plant (STUK Y/1/2018) and Regulation on the Safety of Disposal of
Nuclear Waste (STUK Y/4/2018). In the Regulation on the Emergency Arrangements
of a Nuclear Power Plant (STUK Y/2/2018), new requirements were added
concerning preparedness to receive outside assistance and consideration of
emergency workers and emergency helpers in emergency arrangements. The
requirements relate to TVO’s emergency arrangements in general, not only Olkiluoto
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3 unit. STUK verifies compliance with the requirements as part of its normal
oversight.
The review report was prepared before the regulations were updated. Because no
significant modifications, that would effect the required safety level, were made, the
review report was not updated to correspond to the updated regulations.
YVL Guide renewal
During the construction of the Olkiluoto 3 nuclear power plant unit, STUK revised the
YVL guides for nuclear facilities. With a few exceptions, the new guides were
published in late 2013. The new guides will be applied to plant units that are under
construction only after a separate implementing decision has been issued for them to
enforce the guides. Requests for clarification concerning compliance with the
requirements of the new YVL guides were sent to TVO in January 2014. It was
requested that the clarifications be submitted no later than when submitting the
operating licence application. However, TVO submitted the suitability assessment
clarifications slightly earlier, in early 2016.
Implementation work was carried out in parallel with the operating licence review and
FSAR review. In the FSAR review, the “old” YVL guides were used as the basis for
the requirements, since the new guides were not yet in force for the Olkiluoto 3
nuclear power plant unit. However, the compliance of the Olkiluoto 3 nuclear power
plant unit with the requirements of the new YVL guides was assessed in connection
with the implementation work for the new guides. The new guides enter into force for
the Olkiluoto 3 nuclear power plant unit starting from the granting of the operating
licence.
Any requirements for the measures necessary to meet the requirements of the new
guides are presented in the implementing decisions. The most significant
requirements and approved deviations are also presented in the sections of this
inspection report in which the matter in question is discussed. If the results of the
implementation are not mentioned in connection with a matter, the new guides
concerning the matter in question have no significant additional requirements
compared to the previous guides. In summary, it can be said that the Olkiluoto 3
nuclear power plant unit meets the requirements of the new YVL guides without
significant changes or deviations.
Requirements for the Final Safety Analysis Report
The YVL Guide update did not result in any significant changes to the requirements
for the content of the Final Safety Analysis Report.
General requirements for the Final Safety Analysis Report are presented in Guide
YVL 1.1 (currently YVL A.1). In addition, other YVL guides present more detailed
requirements; for example, Guide YVL 2.5 (YVL A.5), which concerns
commissioning, further specifies which matters relating to pre-operational testing
must be included in the FSAR, and Guide YVL 2.0 (YVL B.1) presents requirements
for the description of the systems in the Final Safety Analysis Report.
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According to Guide YVL 1.1 (YVL A.1), the Final Safety Analysis Report shall be
based on the actual systems, structures and components implemented at the nuclear
facility. In addition to the information concerning the nuclear facility and its site, the
FSAR shall also include descriptions of the commissioning and operation of the
facility. The purpose of the safety analysis report is to demonstrate that the factors
affecting safety and the safety regulations have been adequately taken into account.
Consideration of STUK’s earlier requirements
In connection with the processing of the construction licence application, STUK
reviewed the Preliminary Safety Analysis Report. STUK prepared a PSAR inspection
report, which was also appended to the STUK decision concerning the PSAR
(G241/31). The inspection report presented open issues that did not prevent the
granting of the construction licence but needed to be clarified later. The most
important issues were also included in the decision itself. In addition, questions and
review observations were recorded in comment tables during the PSAR review and
submitted to TVO. The comment tables also included questions that needed to be
clarified after the construction licence phase.
Issues in the PSAR inspection report and comment tables have been closed as the
design and construction of the plant has progressed. Some of the issues were
required to be considered in the Final Safety Analysis Report. In connection with the
operating licence application documentation, TVO submitted an application for
closing the issues that were still open. In connection with the review of the operating
licence documentation, STUK closed the open issues relating to the PSAR phase,
save for one exception. The exception concerned sensitivity analyses relating to large
loss-of-coolant accidents. The analyses did not consider discharges released from
damaged fuel by flushing or leaks out of the containment through the emergency
cooling systems. On the basis of the analyses performed, it is clear that the dose
caused by an incident is very clearly lower than the dose limits. Accordingly, it
suffices to perform the sensitivity analyses in connection with the next periodic safety
review.
After the granting of the construction licence, TVO has submitted to STUK detailed
design documentation of the systems, components and structures. STUK has
presented a number of requirements based on the review of the documentation.
STUK has specified a deadline for each requirement by which the issue must be
resolved. Various project phases have generally been used as the deadlines, such as
“before installation”, “before submitting the operating licence application” and “before
fuel loading”. In connection with submitting the operating licence application, TVO
applied for the closing of several requirements. During the review of the operating
licence documentation, STUK assessed whether the requirements could be closed
and issued separate decisions to close them. Some of STUK’s earlier requirements
are still open, since they apply, for example, to the later stages of pre-operational
testing and do not concern the review of the operating licence application.
Impact of the Fukushima Dai-ichi accident
A severe reactor accident occurred at the Fukushima Dai-ichi nuclear power plant in
Japan in March 2011, when some of the plant’s safety systems were destroyed by a
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tsunami caused by a heavy earthquake. The design of the plant had not sufficiently
prepared for the threat or the management of a severe reactor accident.
As a result of the accident, the design bases of nuclear power plants were
extensively assessed around the world with regard to external hazards. In Finland,
national analyses were performed and EU stress tests were participated in. The
purpose was to determine how the plants would withstand exceptional external
events and other situations involving the simultaneous loss of the operability of
several safety systems. The analyses looked at various natural phenomena, such as
earthquakes, floods and extreme weather phenomena. Also reviewed were the loss
of safety functions, like power supply and/or the ultimate heat sink, and the
management of severe accidents.
As regards the Olkiluoto 3 nuclear power plant unit, the analyses arrived at the
conclusion that the design has sufficiently prepared for various external hazards. The
management of severe accidents has also been included in the plant design from the
very beginning. On the basis of the Fukushima Dai-ichi nuclear power plant accident
and the disruption in electricity supply at the Forsmark plant in Sweden, the
Government Decree on the Safety of Nuclear Power Plants 717/2013 (with an
equivalent requirement currently presented in Regulation STUK Y/1/2018) was
amended to include a requirement on ensuring decay heat removal in a situation
caused by a rare external event or a malfunction in the plant’s internal electricity
distribution system. According to the requirement, it must be possible to remove fuel
decay heat for three days regardless of the supply of power and water from outside
the plant. The requirement applies to both fuel in the reactor and spent fuel in the
storage pools.
The requirement was not included in the original design bases of the Olkiluoto 3
nuclear power plant unit. However, the possibilities of feeding water in order to
remove the decay heat of the fuel in the reactor were already improved in the
construction licence phase, when preparations were made for the loss of the ultimate
heat sink by adding fixed connections through which the emergency feedwater tanks
can be filled using the demineralised water distribution system. The water reserve in
the emergency feedwater tanks is sufficient for 24 hours, and the addition of
demineralised water ensures that the 72-hour self-sufficiency criterion is met.
Heat transfer through the secondary circuit is not possible in all shutdown states. In
this case, the heat of the fuel in the reactor is removed by boiling water into the
reactor building and replacing the boiled water with water from the IRWST tank (incontainment refuelling water storage tank) inside the containment.
Decay heat removal of the fuel in the fuel pools is based on boiling the water in the
pools if the cooling of the pools has been lost. Replacement water can be taken from
the fire water system, for instance, using movable hoses. The fire water system has
enough water to fulfil the three-day criterion. Water can also be supplied into the fuel
pools from other sources using movable hoses and pumps.
To ensure the power supply necessary for decay heat removal, the opportunity has
been added to transfer fuel from the emergency diesel generator storage tanks to the
station blackout diesels, as well as the opportunity to exchange the output units of
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switchboards in the event of loss of internal electricity distribution. Some of the
improvement measures have not been implemented yet. The project concerning the
improvement measures is currently under investment processing by TVO, and the
intention is to perform the implementation planning by mid-2019, after which it is time
to carry out the procurement and the rest of the project implementation, such as the
changes in procedures and documentation and training of personnel.
Review of the Final Safety Analysis Report
The Final Safety Analysis Report was reviewed in accordance with the STUK internal
procedures. Due to the extensive nature of the matter, the review involved a large
number of specialists in various fields from both the Nuclear Reactor Regulation
department and the Nuclear Waste and Material Safeguards Regulation department.
In addition, the review made use of STUK’s cross-technological work groups, like the
ageing management work group.
To support the review, STUK ordered studies and assessments from outside expert
organisations, such as VTT Technical Research Centre of Finland. The most
significant assignment concerned independent comparison analyses of various
accident situations. The analyses covered, for example, overpressure analyses,
severe reactor accident analyses and various pipe breaks. The methods and
calculation software used for the comparison analyses differ from the methods and
tools used for analyses by the plant supplier.
During the processing, STUK compiled its review observations into comment tables
and submitted them to TVO for information. The observations compiled in the tables
are minor in terms of significance and do not prevent the approval of the FSAR or the
granting of the operating licence. If STUK observed more significant deficiencies in its
review, it required the FSAR to be updated in this regard before approval. STUK
monitors how the issues presented in the tables are taken into account in the
development of the FSAR as part of its continuous oversight.
Appendices to the FSAR include all of the plant’s system descriptions, also those
without safety significance and those whose design documentation STUK has not
previously processed or whose documentation has been submitted to STUK for
information. As regards these systems, STUK has mainly assessed the correctness
of the classification and performed random checks of the design but has not
inspected the design in detail. When approving the FSAR, STUK approves it as a
description of the as-built plant.
Review result
On the basis of its review, STUK finds that the Final Safety Analysis Report can be
approved. The safety analysis report is based on the actual systems, structures and
components implemented at the facility, and it includes descriptions of the
commissioning and operation of the facility in addition to the information concerning
the facility and its site, as required by the YVL guides. The safety analysis report
adequately demonstrates that the factors affecting safety and the safety regulations
have been taken into account.
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1

General description of the plant

1.1

Introduction
Chapter 1 of the Final Safety Analysis Report is the general description of the plant.
The appendices to the chapter include the system descriptions and general
arrangement drawings of the buildings and the related safety assessments by the
designer and licence holder.
With the exception of the turbine building (class EYT, no nuclear safety
classification), the system descriptions of the buildings were reviewed by STUK
before the operating licence application was submitted. The review of the system
descriptions submitted in connection with the operating licence application
concentrated on the changes made to them.
The chapter describes the main principles followed in the design of the plant and
provides a brief description of the plant’s systems, buildings and operation. In
addition, the chapter briefly introduces the Olkiluoto 3 project parties and the plant
supplier’s research activities concerning the EPR plant.

1.2

Main features of the plant
The Olkiluoto 3 nuclear power plant unit is an EPR-type nuclear power plant
equipped with a pressurised water reactor. The EPR (European Pressurised Water
Reactor) is based on the German Konvoi plants and French N4 plants. The design
has followed the redundancy, diversity and separation principles. The safety systems
are mainly fourfold redundant, with the parallel subsystems located in different
buildings. The chapter provides examples of applying the diversity principle. Severe
accidents have been considered in the design.

1.3

Main systems and plant operation
The main systems of the plant are briefly introduced, and the descriptions include
references to the FSAR chapters in which the systems are described in more detail.
The Olkiluoto 3 nuclear power plant unit has been designed as a base-load power
plant but can also be used for load monitoring and frequency control within the limits
permitted by the Technical Specifications. The chapter provides a brief description of
various power change situations (load monitoring, load drop, reactor or turbine trip,
etc.) as well as using the plant with three main coolant pumps, start-up and stretchout. The operation of the plant is described in more detail in Chapter 13 of the FSAR.

1.4

Buildings and layout
Key buildings in terms of plant safety are the containment, safeguard buildings, fuel
building, diesel buildings and circulating water pump buildings. Buildings important to
safety have been protected against, for example, explosion pressure waves,
earthquakes, aircraft crashes and various weather and natural phenomena.
Protection against aircraft crashes is based on the structural strength and
geographical separation of the buildings.
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The containment is located in the centre of the plant. The purpose of the containment
is protect the reactor and its cooling circuit against external hazards and to prevent
the spreading of radioactivity into the environment. The containment of the Olkiluoto 3
nuclear power plant unit is a double containment consisting of the inner and outer
containment and the annular space between them. The outer containment is made of
reinforced concrete, and the inner containment is a post-tensioned reinforced
concrete structure with a steel lining on the inner surface to ensure gas-tightness.
The containment is described in more detail in Chapter 6 of the FSAR. The safety
class of the containment is 2.
The safety class of the safeguard, fuel, diesel, waste and auxiliary buildings, the
essential service water system’s pump buildings and the ventilation stack is 3. The
buildings have various safety functions, such as preventing the spreading of
radioactivity, protecting the systems against external hazards and acting as fixing
points for the systems.
The containment is surrounded by the safeguard buildings and the fuel building. The
parallel subsystems of safety systems are located in four separate safeguard
buildings. The mechanical parts of the safety systems are located in the lower parts
of the safeguard buildings. The electrical and I&C equipment as well as the heating,
ventilation and air-conditioning equipment are located in the upper parts of the
buildings. The plant’s main control room is also located in the safeguard buildings.
The safety functions of the buildings are to act as an fixing point for the systems
located therein and prevent the spreading of radioactivity.
The fuel building is used for the storage of fresh and spent fuel. The safety functions
of the building are to protect the fuel against external hazards, act as an fixing point
for the systems located therein and prevent the spreading of radioactivity into the
environment.
The safety function of the essential service water system’s pump buildings is to
ensure the supply of cooling water to the safety systems during operational
occurrences and accidents. There are two of the buildings, with two subsystems of
the circulating water system in each of them. The subsystems in the same building
are structurally separated from each other.
The diesel buildings contain the plant’s four emergency diesel generators and two
station blackout (SBO) diesel generators with their fuel tanks. The diesel buildings
consist of two separate buildings. The subsystems inside the buildings are separated
from each other.
The ventilation stack is located between the fuel building and one of the safeguard
buildings. The stack is used for leading the exhaust air out of the controlled area. In
addition, it is used for discharging steam in certain accident situations.
The waste building is used for the collection, storage and treatment of liquid and solid
radioactive waste and its transport away from the plant. The safety functions of the
waste building are to prevent the spreading of radioactive material into the
environment, protect the equipment and personnel from radiation during normal
operation and support the systems and structures located in the building.
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The auxiliary building houses auxiliary systems of the reactor plant that contain
radioactive material. The safety function of the auxiliary building is to guarantee the
operation of the systems located therein and prevent the spreading of radioactive
material into the environment. All exhaust air from the reactor plant’s controlled area,
exhaust gases from the turbine condenser and gaseous waste go through the
auxiliary building.
Access to the reactor plant is through the access building. This enables the
monitoring of the access rights and number of personnel at the site. The access
building is classified in class EYT (no nuclear safety classification). In addition to the
access building, the plant unit has several other EYT buildings (e.g. turbine building,
office building and switchgear buildings).
The buildings on the plant site are connected by corridors, tunnels and ducts. In
addition, various structures, pools and channels are used for the intake and
discharge of water.
After the granting of the construction licence, process piping and equipment
significant in terms of safety was supported on steel platforms originally intended as
maintenance platforms, contrary to the original plans. The safety significance of the
steel platforms increased, and STUK inspected and approved the design
documentation updated on the basis of the change during construction. The change
applied to approx. 150 steel platforms in the containment, fuel building and safeguard
buildings.
1.5

Research programmes
The chapter describes research programmes that were utilised in designing the EPR
and demonstrating the quality of the design. The research programmes concentrated
on those features of the EPR that differ from the features of the reference plants.
Important research subjects included the management of severe accidents and
design of the reactor internals.

1.6

Review result
Chapter 1 of the FSAR provides a sufficient general description of the plant.
No comments arose from the changes made in the system descriptions of the
buildings. The system descriptions of safety class 4 and class EYT buildings were
processed as received for information in connection with the operating licence
processing. The buildings described in the appendices to Chapter 1 meet the
requirements of the YVL guides.
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2

Plant site

2.1

Introduction
Chapter 2 of the Final Safety Analysis Report describes the plant site and its
surroundings. The description is the same for all Olkiluoto plant units: Olkiluoto 1,
Olkiluoto 2 and Olkiluoto 3. Appendices to the chapter include the system
descriptions of the roads and parking areas, harbour, plant’s sea route and weather
mast.
Guide YVL A.2 enters into force for the Olkiluoto 3 nuclear power plant unit starting
from the granting of the operating licence without deviations. In the case of item 5 of
requirement 402, STUK sees it as referring to the selection of a location for a new
nuclear power plant unit, so the Olkiluoto 3 nuclear power plant unit does not need to
meet the requirement concerning a second road connection. According to
requirement 406 and Government Decree 716/2013, the site area of a nuclear power
plant comprises the area used by the power company and the area surrounding the
plant, where movement and stay are limited. A part of the plant unit’s cooling water
intake channel structures and a part the embankment built in the sea, leading from
Olkiluoto to Kuusisenmaa, extended outside the site area. TVO applied from the
Ministry of the Interior an extension of the stay and movement restriction area to
cover the above-mentioned areas, as required by STUK in its decision
1/C43111/2016, 26 May 2016. The Decree of the Ministry of the Interior on
changing the Decree of the Ministry of the Interior on the stay and movement
restriction area (480/2018) includes extensions for the cooling water intake channel
and Kuusisenmaa embankment.

2.2

Surroundings of the plant site; geography and people
Chapter 2 and its appendices include descriptions of the geographical conditions and
current and predicted population distributions of the surroundings, use of land and
water areas, sources of livelihood in the region, site climate and meteorological
dispersion conditions, hydrological factors within the site and in the vicinity as well as
geology and seismology within the site and in the vicinity. The information presented
is up-to-date, mainly representing the situation in 2013–2015.
There is no permanent settlement in the plant area. The accommodation village can
offer accommodation for approx. 600 people. There are approx. 60 permanent
residents within less than 5 km of the plant. The population distribution within 100 km
of the plant and holiday home distribution within 5 km of the plant are presented on
maps. The total number of people living within 100 km of the plant is approx.
520,000. The population of the Satakunta region is expected to decrease in the
future.
There are no industrial facilities, storages, transport routes or other operations in the
vicinity of Olkiluoto that might cause a hazardous situation at the plant. The northern
shore of the island of Olkiluoto has a dock and harbour which are located on land that
is owned by the applicant. Between 5 and 10 people are employed by the harbour’s
different functions. The nearest busy port is the Rauma deep-water port. The closest
the railway line between Rauma and Kokemäki comes to the power plant is 12.5 km.
Main road 8 lies about 14 km from the plant. The closest airport is in Pori about 32
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km from the Olkiluoto power plant, and the nearest flight paths run approx. 10 km
from the power plant.
Small-scale field cultivation is carried out near the site area only in the eastern
section of the Olkiluoto island. The nearby waters are used for recreational fishing.
The most contiguous farm lands in the nearby areas of Olkiluoto are located 20–40
km to the east of the power plant and 25–35 km to the northeast. There are a few
commercial gardens located approximately 10 kilometres from the power plant that
produce vegetables mainly for the Rauma region. The nearest dairy is located in Pori
at a distance of approximately 35 kilometres. There are three milk-producing farms
within a 10-kilometre radius of the nuclear power plant.
Three schools are located within a radius of approximately 10 kilometres from the
nuclear power plant. These are primary schools and their pupils are between 6 and
13 years old.
2.3

Weather conditions and hydrology
The weather conditions and the hydrology of the sea area are significant for the
spreading of radioactive releases. On the other hand, extreme weather conditions
must be considered in the design of the nuclear power plant. Olkiluoto’s weather
conditions and the hydrological conditions of the sea area were already investigated
earlier for the Olkiluoto 1 and 2 nuclear power plant units.
Chapter 2 of the FSAR presents statistics of the air temperature, wind direction and
speed, precipitation, lightning and air humidity values measured at Olkiluoto. The
stability of the atmosphere, which is significant in terms of the dispersion of
atmospheric releases, has been calculated on the basis of wind measurement data.
The most common stability class at Olkiluoto is neutral D (based on the Pasquill
method), whose proportion in 2011–2015 was approx. 40%. For 2014, the statistics
include dilution factor values calculated with the help of the TUULET program at
various distances from the plant and in various directions. The dilution factor value
was at its highest at a distance of 1 km from the plant in the 0–60˚ direction
(north/northeast), where a release of 1 Bq/s from the plant would cause an average
concentration of 1.2·10-7 Bq/m3 in the air at ground level.
The hydrology section includes brief descriptions of the surface water and
groundwater conditions in the area. The seawater quality, composition, vegetation
situation and level as well as the cooling water intake temperature are described in
more detail.
The Olkiluoto 3 nuclear power plant unit has its own cooling water intake location, but
all the plant units discharge their cooling water in the sea in the same location. TVO
assesses that this arrangement minimises the environmental effects of the warm
cooling water. Based on computer simulation, the area of open water or weak ice at
the plant’s cooling water discharge location is estimated to double as a result of the
commissioning of the Olkiluoto 3 nuclear power plant unit. The cooling water intake
and discharge locations have been selected so as to, for example, minimise warm
water recirculation and prevent pack ice.
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2.4

Review result
Chapter 2 of the FSAR presents a sufficient description of the plant site and its
surroundings. The requirements for the location of the plant as specified in STUK
Regulation Y/1/2016 and Guide YVL 1.10 are met. The requirements of Guide YVL
A.2 are also met when interpreted as specified at the beginning of this chapter. STUK
has reviewed the descriptions of the weather conditions and hydrological conditions
and ensured that these conditions have been considered in accordance with the
requirements in radioactive release dispersion analyses for the Olkiluoto 3 nuclear
power plant unit in normal operation and during operational occurrences and
accidents.
On the basis of its review, STUK had no comments on Chapter 2.
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3

General design basis

3.1

Safety design basis

3.1.1

General safety objective and general design objectives
The general safety objectives are specified in Chapter 3.1 of the FSAR. Defence-indepth design at the Olkiluoto 3 nuclear power plant unit consists of four levels
corresponding to the defence-in-depth principle presented in Section 9 of STUK
Regulation STUK Y/1/2016 as well as the principles of tried and tested technology
and high quality.
The operation of the systems performing safety functions is verified by applying the
redundancy, diversity and separation principles. The parallel subsystems of safety
systems are located in separate buildings, and the separation extends to these
systems’ auxiliary and support systems as well as power supply and I&C systems. In
the process systems, there are no connections between the subsystems, with the
exception of the emergency feedwater system, extra borating system and diesel
backed-up component cooling water system, in which the subsystems can be
connected to each other using a connecting manifold, if necessary. Possible causes
of common cause failure that have been considered in the design are, for example,
earthquake, aircraft crash as well as common cause failure of the isolation valves in
the primary circuit feed lines of the emergency cooling systems. The use of the
diversity principle is primarily based on functional diversity instead of equipment
diversity.
The safety functions have also been secured using design margins, automatic
controls of safety functions and reliable equipment. To avoid human errors, attention
has been paid to HMI (Human-Machine Interface) design.

3.1.2

Single failure
Cases of single failure covered include the failure of equipment to start in a necessity
situation and incorrect start-up. As regards single failure, Guide YVL 2.7 has been
interpreted such that a passive failure (unavailability of a tank or piping system) has
not been taken into account within the short term (less than 24 h) of the necessity
situation. The quality requirements for safety classes 1–3 can be considered to
ensure that failure of a tank or piping system immediately after a necessity situation is
unlikely. Chapter 15.1.2 of the FSAR describes the review of passive failures. In
Guide YVL B.1, the definition of a passive failure has changed such that passive
failure shall refer to a mode of failure that can be treated as an operability deficiency
(such as a total or partial lack of a device or operability).
Human errors have not been taken into account as single failures, but they have
been considered in the plant I&C design. The starting point for design is that the
operator cannot interrupt the operation of a safety system if the protection system has
started the system and it is still needed. On the other hand, the protection system will
restart the safety system in a necessity situation, even if the operator has stopped it
earlier. In other respects, the aim is to keep the probability of human errors low by
means of sufficient HMI design.
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The main steam line isolation valves have been reviewed as a special case with
regard to single failure, since the steam line isolation function does not meet the
single-failure criterion in all respects. The isolation function is needed if there is a leak
in the steam generator’s heat transfer tubes and radioactive material are released
from the primary circuit to the secondary side of the steam generator. The radiation
effects in the worst case scenario – a leak in the steam generator’s heat transfer tube
with the main steam line isolation valve left open – are still small. This situation is
covered in the Final Safety Analysis Report by an analysis of a situation in which the
steam generator’s heat transfer tube is leaking and the main steam line discharge
line is stuck open. On these grounds, the deviation from the single-failure criterion of
the isolation function is acceptable.
The possibility of incorrect start-up affecting several components caused by I&C
systems has also been reviewed in connection with the I&C architecture design. The
analyses performed have demonstrated that even a highly improbable I&C system
failure does not result in exceeding the criteria specified in the YVL guides. In
addition, it has been considered that the management of severe reactor accidents is
not prevented even if any I&C system, with the exception of the severe reactor
accident I&C system, fails in the worst possible way. The severe reactor accident I&C
system is only needed for the management of severe reactor accidents.
The consideration of single failure in the design corresponds to the requirements
presented in Guide YVL 2.7 (YVL B.1). STUK has reviewed the detailed failure
analyses of the systems in connection with the pre-inspection materials of the
systems.
3.1.3

Preventive maintenance
Preventive maintenance of the safety systems will be carried out during power
operation of the Olkiluoto 3 nuclear power plant unit. One of the subsystems of a
safety system can be serviced during operation, and preventive maintenance can be
carried out on more than one subsystem at a time during an outage.
STUK has commented on the detailed conditions for preventive maintenance in
connection with the review of the Olkiluoto 3 nuclear power plant unit’s Technical
Specifications. Preventive maintenance during operation has been justified by
probabilistic assessments.

3.1.4

Loss of off-site power
At the Olkiluoto 3 nuclear power plant unit, the connection to the external power grid
is redundant, and emergency power supplies (emergency diesel generators and SBO
diesels) are provided to prepare for the loss of off-site power.
In accident situation analyses (classes 1 and 2), it has been assumed that off-site
power is lost as an additional failure after a turbine trip, in case the assumption
worsens the consequences of the situation. In operating situations and during an
outage, the loss of off-site power is handled as an initiating event. The approach is in
accordance with Guide YVL 2.2.
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In Guide YVL B.3, the requirement concerning the loss of the external grid is more
categorical than before as, according to Guide YVL 2.2, it was a “typical example of
additional fault to be analysed”. In the implementation of the new guides, it has been
required that a steam pipe break be analysed taking the requirement into account.
The requirement was presented in the implementing decision concerning Guide YVL
B.1, which required that the analysis be performed before the start of commercial
operation.
3.1.5

Autonomy of the plant
The Final Safety Analysis Report presents the time available for the actions required
in various situations as well as the sufficiency of the available water, fuel and battery
capacities before the supplementary actions required. As regards operator actions,
the design requirement is that actions to be taken in the control room are required 30
minutes after the initiating event at the earliest. For actions to be taken outside the
main control room, the corresponding time is 1 hour. The required times of the
operator actions in the various cases have been analysed in accordance with Guide
YVL 2.2 and are presented in Chapter 15. The requirements are mainly the same in
Guide YVL B.3.
The decay heat of the Olkiluoto 3 nuclear power plant unit can be removed from the
fuel in the reactor and storage pools for three days after a rare external event before
it is necessary to move heavy equipment there or add fuel to the emergency diesel
generators or water to the steam generators.

3.1.6

Diversity principle
At the Olkiluoto 3 nuclear power plant unit, the diversity principle has been applied to
the safety functions that are needed in the event of anticipated operational
occurrences and the most common class 1 postulated accidents. The diversity
principle has been applied to the following safety functions:
– reactor shutdown
– primary pressure management
– reactor core cooling and decay heat removal
– containment isolation.
The same principle is also applied to the auxiliary functions required to maintain
these functions: power supply, automation and instrumentation, cooling as well as
equipment control and monitoring from the control room.
During the review of the construction licence application and system design, STUK
accepted that the requirement for triggering a safety function on the basis of at least
two different process parameters can be limited to operational occurrences and the
most common class 1 postulated accidents. A similar deviation was approved in
connection with the implementation of Guide YVL B.1.
Sufficient consideration of the diversity principle has been demonstrated in topical
report TR E1005 “Diversification and CCF Analysis” and the related diversity
assessments of I&C systems. To take the diversity principle into account, some
changes were made during the design to, for example, the cooling systems of motors
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and rooms, electricity distribution and dispositioning of I&C controls for the various
I&C systems and output cards. After the plant modifications made, STUK stated that
the Olkiluoto 3 nuclear power plant unit fulfils the diversity principle according to the
requirements of Guide YVL 2.7 with the exception of the deviation described above.
3.1.7

Review result
Chapter 3.1 of the FSAR presents the general design bases of the plant, and these
are in accordance with the principles presented in the STUK Regulation and YVL
guides. The consideration of single failure in the design corresponds to the
requirements of Guide YVL 2.7 and the new Guide YVL B.1. Some deviations, mainly
relating to the isolation of the containment, have been approved during construction.
The deviations are covered in more detail in subsequent chapters of the inspection
report (e.g. 6.16, 6.2.2, 9.4.2 and 10).
STUK reviewed the system-specific failure analyses during the detailed processing of
the systems. Particular attention was paid to ensuring the reliable closing of the
steam line isolation valve. Consideration of passive single failures and realisation of
the diversity principle were reviewed and meet the requirements. The detailed
requirements for the preventive maintenance of systems and the PRA analyses
presented as their justification were reviewed in connection with the processing of the
TechSpecs.

3.2

Classification of the structures, components and systems
The principles and requirements concerning the classification of the structures,
components and systems are presented in Chapter 3.2 of the FSAR. A more detailed
description of the classification along with the detailed classification data is presented
in classification document NEPR-G/2006/en/1082, whose revision D, submitted in
connection with the operating licence application, was approved by STUK decision
10/G42242/2016.
A safety class has been specified for each system according to the main function of
the system. For safety-classified (SC1–3) component groups, the functions that the
component group contribute to or that define their safety class have been defined.
The safety class for components is determined by the function with the highest safety
class that the component contributes to. Two safety classes can be specified for a
component (equipment location): mechanical class and functional class for I&C and
electrical components.
The quality requirements to be applied are determined by the safety significance of
the components. A classification document specifies the component’s quality class,
seismic classification and requirement in terms of aircraft crashes. Separate
qualification requirements for ambient conditions have been defined for electrical
components located inside the reactor building, safeguard buildings and fuel
buildings as well as in specific separate rooms.
STUK approved the component-specific classification in connection with the system
processing. The classification mainly follows the general classification principles
presented in the classification document, but there are some exceptions or special
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cases, which are described in Chapter 2 of the classification document. In connection
with the system processing, STUK required several changes to the classification of
functions and components.
The classification of the Olkiluoto 3 nuclear power plant unit’s systems, structures and
components is mainly in accordance with Guide YVL 2.1. Examples of the deviations
approved by STUK include the I&C platform used for certain standalone systems and
measurement systems in safety class 3 that does not meet the qualification
requirements set for the quality class. The deviation is acceptable, since separate
safety functions have been added to these systems on an I&C platform qualified for
safety class 3.
The safety classification differs from Guide YVL B.2, which enters into force after the
granting of the operating licence. The currently used safety class 4 is removed, and
seismic class S2 is removed and a new class S2B is implemented. The implementing
decision of Guide YVL B.2 requires that TVO submit, before the start of commercial
operation, a clarification with justifications of the new classification of systems
currently categorised in safety class 4 in accordance with Guide YVL B.2 as well as
the systems to be categorised in class EYT/STUK. The seismic classification of the
Olkiluoto 3 nuclear power plant unit must also be changed in accordance with Guide
YVL B.2. In the implementing decision of Guide YVL B.2, STUK approved the
deviations in the classification of the SAC, SAD, SAQ, QKA and KLC systems in
safety class 3 instead of safety class 2. The deviations were approved because the
design and implementation of the systems has sufficiently demonstrated that the level
of safety in accordance with relevant Sections 4 and 14 of STUK Regulation Y/1/2016
is achieved.
Chapter 3.2 of the FSAR presents a sufficient description of the classification
principles of the Olkiluoto 3 nuclear power plant unit’s structures, components and
systems. The classification meets the requirements of the YVL guides with
exceptions approved by separate decisions.
3.3

External hazards
Chapter 3.3 of the FSAR describes how the Olkiluoto 3 nuclear power plant unit’s
design has considered the external hazards caused by human activity and natural
phenomena and presents the design principles and values concerning external
hazards. A more extensive general description of preparation for external hazards is
provided in topical report E1047/2 “Overview on External Hazards” appended to the
chapter. The fulfilment of the design principles has been assessed in connection with
the review of the system descriptions and detailed design documentation of the
structures and components.
The goal of protection against external hazards is to ensure the sufficient operation of
the systems and components required to bring the plant to a safe state also in
connection with exceptional external events and conditions.
Chapter 3.3.1 of the FSAR states that protection against external hazards is carried
out by considering the loads caused by them in the design or by positioning the
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systems or components needed for the management of the hazards sufficiently far
from each other, if the effect of the hazards is local.
The design has considered earthquakes, aircraft crashes, explosion pressure waves
as well as various natural phenomena and extreme weather conditions, which may
have an effect on the planning of the nuclear island. The design data relating to
aircraft crashes is confidential due to safety reasons.
The events and phenomena reviewed are the same as in the construction licence
phase. STUK considers the scope of the review sufficient. External hazards have
also been dealt with during the construction of the Olkiluoto 3 nuclear power plant
unit in, for example, national analyses and EU stress tests carried out due to the
Fukushima accident. The analyses found that the design of the Olkiluoto 3 nuclear
power plant unit has sufficiently prepared for external hazards.
3.3.1

Earthquake
The peak ground acceleration (PGA) used as a design basis for the Olkiluoto 3
nuclear power plant unit is 0.1 g, and the vertical acceleration is two thirds of the
value of the horizontal acceleration. The shape of the ground response spectrum is
presented in Figure 3.3-1 of the FSAR.
The spectrum shape is based on the report by Varpasuo, Saari and Nikkari,
“Estimation of Seismic Hazard in Territory of Southern Finland”, LVOI-A6-951M2,
10.4. STUK preliminarily approved it as a design basis for the Olkiluoto 3 nuclear
power plant unit by decision C30/78, 6 November 2001. The spectrum and the
reference to the aforementioned decision are presented in an appendix to Guide YVL
2.6 and its replacement, Guide YVL B.7, as an example of an approved spectrum
shape.
The aforementioned analysis found the peak ground acceleration at Olkiluoto to be
0.085 g. However, the minimum PGA value recommended by the IAEA, 0.1 g, is
used as the design value.
The chapter presents the general properties of the ground and notes that the plant is
built on the bedrock, so it is not necessary to deal with the interaction between the
ground and the structures at the plant site. The chapter also presents the general
goals of the Olkiluoto 3 nuclear power plant unit’s seismic design as well as the
seismic classification of the structures.
The chapter also covers fires caused by an earthquake. According to the chapter, the
components and systems whose damage could lead to a fire have been designed as
earthquake-resistant. Examples of these are electrical cable trays and systems
containing oil or explosive gases. According to the FSAR, the operation of fireextinguishing systems after an earthquake is not required for fire extinguishing.
However, the fire water system has been designed to be used for make-up water
supply to the spent fuel pools in the event of loss of the actual cooling system, for
which reason it has been categorised in seismic class S2A.
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3.3.2

Explosion pressure wave
The pressure wave used as a design basis has been presented as a time–pressure
curve. Single failure or preventive maintenance is not assumed in connection with a
pressure wave. The spreading of the pressure wave into safety-classified buildings
through openings is allowed, provided that the pressure wave does not damage the
necessary systems. Otherwise, pressure wave protection has been installed in the
openings. Exceptions to this are openings that are only kept open for a short time,
such as the fuel tank transfer opening.
It is not necessary to protect the isolation function of the containment against an
explosion pressure wave, since it is not considered possible for an explosion
pressure wave to cause a loss-of-coolant accident in the containment, which is
protected against pressure waves, and the probability of a simultaneous independent
explosion pressure wave and a loss-of-coolant accident is considered very low.
Protection against an explosion pressure wave is covered in more detail in topical
report E1047/2 “Overview of external hazards”, which also presents more detailed
references.

3.3.3

Outside air temperature and humidity
The high and low temperature design values have been specified for various
durations. For the design, the duration of a momentary maximum temperature is
assumed to be 6 hours.
Long-term high temperature
Short-term high temperature
Momentary high temperature

23 °C, duration over 7 days
27 °C, duration from 6 hours to 7 days
36 °C, duration 6 hours

Long-term low temperature
Short-term low temperature
Momentary low temperature

–29 °C, duration over 7 days
–32 °C, duration from 6 hours to 7 days
–39 °C, duration 6 hours

The design values do not include a significant margin compared to the maximum
temperature measured in the area, so STUK required, during construction,
clarifications of the effects of exceeding the design basis on the safety of the plant.
The Final Safety Analysis Report includes an additional review of temperatures
exceeding the design basis, +40 °C and –41 °C, for the duration of six hours. STUK
considered the reviews sufficient.
The design values of air humidity are 60% at +36 °C in the summer and 100% at –29
°
C in the winter.
3.3.4

Wind and missiles caused by wind
The basic value of wind speed used in the design is in accordance with RIL 144. The
extreme value of wind speed used in the design of the safety systems is 48 m/s. The
structures designed for the extreme wind speed have also been designed to
withstand missiles caused by wind.
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In STUK’s view, the original design basis did not sufficiently cover the hazard caused
by whirlwinds. Whirlwinds exceeding the design basis have been covered in the
report “Evaluation Study of Tornado with regard to Plant Safety”. According to this,
the design basis covers class EF2 (Enhanced Fujita Scale), and a class EF3
whirlwind does not cause cliff edge phenomena, even if the wind speed exceeds the
design basis for the Olkiluoto 3 plant unit. However, the matter is not included in the
FSAR. The description and the necessary references to reports providing
justifications must be added to the FSAR in the next update.
3.3.5

Cooling water temperature
The design basis for the seawater temperature is –0.4 °C…+30 °C. The salt content
of the seawater used for cooling at Olkiluoto is conservatively assumed to be 0.7%,
so the corresponding freezing point is –0.4 °C. The FSAR states that the maximum
supercooling of seawater can be 0.1 °C, so the lowest seawater temperature can be –
0.5 °C. Frazil ice is covered below in the section “Hazards affecting the cooling water
intakes and air intakes”.
According to reviews that concern exceeding the design basis, the most important
safety functions can be implemented up to a seawater temperature of +37 °C.

3.3.6

Rain and external flood
The design values for seawater level are:
Low seawater level, still level
High seawater level, still level
High seawater level + storm (wave allowance)

–1.6 m (in the N60 system)
+1.3 m (N60)
+1.7 m (N60)

In addition, topical reports demonstrate that the critical safety functions are not
endangered by a seawater level of +3.5 m (in the N60 system).
The design values for precipitation are 100 mm within an hour and 400 mm within 24
hours. The design of the rainwater system has not considered very heavy short-term
rain. However, such rain does not endanger the safe ramp-down of the plant. If the
rain exceeds the capacity of the rainwater drainage, the flow routes in the yard area
ensure that the water flows into the sea and the external flood limits used as the
design basis are not exceeded.
The general design basis used for the snow load is in accordance with RIL 144.
Design solutions have been used in the air intakes to prevent clogging by snow.
3.3.7

Lightning
Lightning protection of the plant is based on the IEC 61024 standard. Lightning
protection is covered in more detail in Chapter 8.4.2 of the FSAR.

3.3.8

Hazards affecting the cooling water intakes and air intakes
The chapter describes the phenomena threatening the supply of cooling water (algae,
sea fauna, frazil ice, debris, oil releases) and preparation for them, as well as
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preparation for the clogging of the air intakes (heating to prevent freezing, concrete
covers against missiles caused by wind).
The anti-icing line is described in the system description included in Chapter 9 of the
FSAR. The system description refers to the calculation report used in the design but
does not present the design bases. STUK has required that the design bases be
added to the system description.
3.3.9

Construction design rules and methods
Chapter 3.3.4 describes the dynamic analysis methods used in designing buildings to
prepare for external hazards (design basis earthquake, aircraft crash, explosion
pressure wave).
The chapter describes the modelling of the buildings for analyses and the calculation
methods used. STUK approved the methods in connection with the construction
licence processing and during construction in connection with the construction plan
processing. The verification and validation of the STRUDYN element method
program are presented in the separate report NEEC-G/2009/en/1438, “QM-Report
(Validation and Verification) of FEM Computer Code STRUDYN”. The program and
its earlier versions have been commonly used in Europe for a long time, and the
report covers representative example cases to a sufficient extent.
Chapter 3.3.5 presents the methods used for seismic design of equipment in seismic
class S1 on a general level. The calculation methods used have been separately
described for the reactor primary circuit, reactor internals and other components. In
addition to the methods, the chapter describes the boundary conditions and
assumptions used for the calculation. The description provided in Chapter 3.3.5 is
short; the dynamic analysis of the equipment is described in more detail in Chapter
3.6 of the FSAR and the corresponding section of this inspection report.
Chapters 3.3.4 and 3.3.5 of the FSAR cover the dynamic analysis methods used in
the seismic design of buildings and mechanical components. However, Chapter 3.3
does not describe the methods used in the experimental demonstration of the
earthquake qualification or the principles and methods in demonstrating the
earthquake resistance of the electrical and I&C components. To improve the
comprehensiveness of the FSAR, Chapter 3.3 should also include a description of
the use of experimental methods in demonstrating the earthquake resistance as well
as the handling of earthquake resistance in the design of electrical and I&C
components.

3.3.10

Summary of FSAR Chapter 3.3 review observations
No significant deficiencies were observed in the chapter, and no observations were
made on whose basis it would be necessary to request further clarifications in order
to assess the acceptability of the operating licence application. However, STUK
observed a few needs for supplementation, which have been indicated above. The
needs for supplementation and other observations are also presented in the
comment table, and STUK follows their closing in upcoming FSAR updates.
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3.4

Internal hazards

3.4.1

Fires
Fires are internal events posing a potential threat to nuclear safety. The redundancy,
diversity and separation principles that guided the design of the Olkiluoto 3 nuclear
power plant unit also protect it against the consequences of a fire.
The principles of the Olkiluoto 3 nuclear power plant unit’s fire technical design are
described in FSAR Chapters 3.4.8, 9.5.1 and the general fire hazard analysis “Fire
Hazard Analysis – General Fire Hazard Analysis” (NESP-G/2007/en/1067). This
chapter assesses the design bases of fire protection, structural fire protection as well
as analyses demonstrating fire safety. The assessment focuses on the changes that
have taken place after the PSAR. Documentation submitted as appended to Chapter
3.4 of the FSAR includes the plant’s fire hazard analyses, conceptual reports and the
operating instructions for the plant fire brigade. The active fire prevention systems are
assessed in Chapter 9.5.1. Hydrogen fires in the event of severe reactor accidents
are covered in Chapter 6.
The fundamental objective of fire protection is to ensure that the safety functions of
the plant can be reliably accomplished during and after any potential fire situation.
The fire protection design makes use of the defence-in-depth principle. According to
the FSAR, the defence-in-depth levels are prevention of the ignition of fires,
prevention of the spreading of fires and management (detection and extinguishing) of
fires.
The above definition differs slightly from STUK’s definition of the defence-in-depth
principle, which is presented in Guide YVL B.8. The guide had not yet been published
in the design phase of the Olkiluoto 3 nuclear power plant unit. In the implementation
of Guides B.7, B.8 and E.6, the Olkiluoto 3 nuclear power plant unit was granted
several deviations from the requirements. Some of the deviations had been approved
by separate decisions during the design or construction of the plant, if the same
requirement had been included in the previous YVL guides. An example of a typical
deviation is compromising on the separation between safety divisions due to personal
safety or relieving the fire separation between buildings if the buildings belong to the
same safety division. Despite the deviations, STUK holds that the requirement level
of the YVL guides for fire protection design is met.
Fire safety is primarily based on layout design and buildings and structures meeting
the requirements of the National Building Code of Finland. Buildings with safetyclassified systems and components belong to the strictest fire class, P1. The parallel
subsystems of safety systems are mainly separated into different fire compartments
(safety divisions). Safety divisions are separated using class REI 120-M structures at
least. The fire compartmentation is mainly implemented using fire resistance class EI
60 compartmentation structures. The separation of safety divisions has been
improved by means of the layout by avoiding the placement of critical systems and
high fire loads next to the walls between the safety divisions. The structural
separation has been supplemented as needed by using local extinguishing systems
and fire-retardant materials.
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In special locations, such as the containment and the containment annulus, the
components and cables of the parallel subsystems of the various safety systems
have been separated by sufficient distance and protective structures such that a fire
in one of the subsystems only affects that subsystem.
There are high fire loads outside the nuclear island, such as the oil and hydrogen
systems of the turbine generator and the oil systems of the transformers. The
buildings on the nuclear island structurally protect the safety systems against external
fires.
The most important principles of fire protection of the Olkiluoto 3 nuclear power plant
unit presented in the FSAR have not changed from the PSAR. However, the design
of the plant has been further specified in many respects after the granting of the
construction licence. In particular, the series of analyses demonstrating fire safety
has been significantly supplemented after the PSAR. The following paragraphs
review the items that have been further specified after the construction licence phase.
Exit routes and emergency lighting
The plant’s exit routes have been designed such that every building has at least two
exits either to the outside or to a safe area. The exit routes have mainly been
designed according to the National Building Code of Finland. However, access
between safety divisions has been limited, and no extra exits have been made in long
cable tunnels. The aforementioned deviations have been made to improve nuclear
safety and approved by both Eurajoki building control services and STUK. The fire
compartments designed for use as exit routes (staircases, some of the corridors) are
equipped with overpressure ventilation to prevent the entry of smoke. The plant’s exit
routes are marked, and their emergency lighting is independent of the plant’s own
electrical system. The exit routes often also act as rescue routes for the fire brigade.
Operative fire protection
The PSAR did not include clarifications of operative fire protection during operation.
The operating instructions for the plant fire brigade were appended to the FSAR,
along with the extinguishing drawings, ensuring the operational capabilities of the
plant fire brigade. TVO uses the same plant fire brigade for the Olkiluoto 3 and
Olkiluoto 1 and 2 nuclear power plant units, but a dedicated firemaster has been
appointed for the Olkiluoto 3 nuclear power plant unit. In the event of larger fires, the
plant fire brigade acts in cooperation with the Satakunta Rescue Department. The
plant’s operative fire-fighting preparedness meets the requirements laid down in the
YVL guides.
Fire safety assessment
The sufficiency of fire protection at the Olkiluoto 3 nuclear power plant unit has been
demonstrated by deterministic fire hazard analyses. The sufficiency of the fire
resistance of the structures has been demonstrated by building-specific, structural fire
hazard analyses (FHA). Items important to plant safety have also been subjected to
functional fire hazard analyses (FHFA), which have shown that the plant can be shut
down and cooled down into a safe state and decay heat removal can be ensured in
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the event of a fire at these locations. Fire simulations have been utilised in preparing
the analyses. The effects of fires on plant safety have also been assessed in a
probabilistic risk assessment.
The FHA analyses include the plant unit’s own General Fire Hazard Analysis TR
E1008 and building-specific analyses. The General Fire Hazard Analysis specifies
the plant’s design bases and requirements in terms of fire protection arrangements
and presents the solutions used. It presents the methodology used in fire protection
design and the general description of the plant (buildings and their separation). The
fire protection arrangements are comprehensively described on a general level. The
structural solutions described include the requirements for the construction materials
and the structural elements used as compartmentation structures. The operating
principle of ventilation is described, including general descriptions of the fire dampers,
smoke extraction system and exit route overpressure ventilation. The design bases
for exit routes are presented. The General Fire Hazard Analysis also includes
descriptions of the fire alarm system, fire water system and fixed extinguishing
systems. The communication systems and operative fire protection are briefly
described. The building-specific fire hazard analyses (FHA) provide a more detailed
description of the building’s functions, construction materials, separation from other
buildings, fire compartmentation or separation, fire loads, fire alarm and extinguishing
systems as well as ventilation. The FHA analyses demonstrate the structural
resistance of the buildings in fires and recognise the potential ignition sources and
fire loads. In the event of large concentrations of fire loads, the compliance of the fire
compartment boundaries is demonstrated in accordance with the tables in the
National Building Code of Finland or through calculations.
Functional fire hazard analyses (FHFA) have been conducted for buildings with
systems performing safety functions. Two separate analyses have been conducted
for the containment: analyses of the pressurizer area and main coolant circuit area.
The analyses demonstrate that the performance of safety functions is not
endangered by a fire in an individual safety division. The analyses consider the
functional connections of the equipment and cables to subsystems performing safety
functions that belong to other safety divisions. The initial presumption of the FHFA
analyses is that the compartmentation structures between the various safety divisions
withstand fire for at least the time specified by their fire resistance class. The
analyses do not consider the operation of automatic extinguishing systems or
operative fire protection. The FHFA analyses ensure the realisation of the layout
design’s distance separation principle.
The design of the Olkiluoto 3 nuclear power plant unit has been further specified in
many respects after the granting of the construction licence. The analyses relating to
fire safety have been updated correspondingly. In the construction licence phase, the
fire hazard analyses were preliminary, and they have been updated on several
occasions to correspond to the final design of the plant. In addition to the FHA and
FHFA updates, the most significant individual new analyses have been the fire
simulations of an oil fire in the main coolant pump and cable fire in the pressurizer
area as required by the Radiation and Nuclear Safety Authority. In the early phase of
the construction, it was separately required that fire events in the cable rooms of the
safeguard buildings be reviewed and the computer rooms analysed, and it was

Radiation and Nuclear Safety Authority

Review report

31(146)
43/G42242/2016

February 15, 2019

demonstrated that the reactor protection system meets the N+2 condition in a fire
situation.
The design of the main coolant pumps has been further specified after the
PSAR. The oil volume per engine is approx. 1 m3. In the worst case, the amount of
leaking oil has been estimated to be 880 litres from the upper bearing and 110 litres
from the lower bearing. Enclosures have been added to the upper parts of the
engines such that any oil leaking from the upper bearing is collected in the enclosure
instead of leaking onto the containment floor. Accordingly, the design basis fire of the
main coolant pump has been specified as a lubrication oil pool fire in which the
volume of burning oil is 110 litres. Based on a simulation and a functional fire hazard
analysis prepared on its basis, it has been demonstrated that the fire does not
endanger the subsystems of the other safety systems or the performance of the
safety functions. Any oil leaking onto the floor may also run into the leak collection
tank via the drains, limiting the amount of burning oil, which has not been considered
in the fire hazard analysis. Nor have the analyses considered the manually operated
extinguishing system of the main coolant pumps.
In the annular space between the outer and inner containment, the subsystems are
divided into four fire cells by fire-resistant vertical partitions. Horizontal fire separation
partitions are also used to prevent the spreading of fire. The partitions do not close off
the subsystems into their own safety divisions but, together with the distance
separation, they prevent the effects of fire from spreading from one subsystem to
another. The analysis required by STUK in the PSAR review concerning the effect of
the fire of all the cables in one subsystem assembly on the partitions has been
appended to the fire hazard analysis of the containment annulus. The analysis
concludes that the protective structures withstand the burning of the entire fire load.
Measurement data from the pressurizer is essential for maintaining the pressurizer’s
overpressure protection function. In the PSAR phase, STUK demanded an analysis
of the effects of the pressurizer’s cable fire on the pressurizer temperature and level
measurements. A fire simulation was performed for the pressurizer area and used as
the initial data for the FHFA analysis. In the simulation, the thermal resistor power
cables located under the pressurizer were assumed to be on fire, and the
temperature rise around the pressurizer was investigated on the basis of this. The
FHFA analysis concludes that the overpressure protection function is not endangered
by a fire.
The Olkiluoto 3 nuclear power plant unit mainly uses cables of the FRNC type (flame
retardant, non-corrosive). Based on this, TVO proposed that cable spaces not be
protected by means of extinguishing systems. The material properties and fire
behaviour of the cables were assessed by means of a research programme ordered
by the Radiation and Nuclear Safety Authority (from VTT Technical Research Centre
of Finland), which included small and medium-scale burning tests and fire simulations
of the most important rooms. The research showed that the spread of cable fire is
slow, the development of a large-scale fire in cable rooms is very unlikely and fire
cannot endanger the functionality of fire compartmentation. Based on this, STUK has
not demanded that cable spaces be protected by means of fixed extinguishing
systems.
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Review result
The fire protection arrangements of the Olkiluoto 3 nuclear power plant unit meet the
requirements of the YVL guides with the exception of the approved deviations
described above.
3.4.2

Floods
The design and dimensioning of the Olkiluoto 3 nuclear power plant unit has been
based on ensuring that the sufficient operation of systems, structures and equipment
needed for managing the plant is not compromised by internal floods. During
construction, flood situations have been assessed in detail as well as by deterministic
safety analyses and a probabilistic risk assessment (PRA). The safety analyses have
taken into account the water volumes contained by the various systems, the possible
flood spreading routes and the consequences of a flood at the plant unit. It has been
demonstrated by analyses that the consequential effects of internal floods can be
reliably restricted and that floods cannot endanger the load-bearing capacity of
structures.
Various means have been used to protect the Olkiluoto 3 nuclear power plant unit
against internal floods: sufficient design bases against the worst possible flood
situations, separating redundant safety systems by sufficient distances, water routes
to control flooding and limit the consequential effects, leak monitoring systems to
detect leaks and personnel actions to prevent leaks.
A fire water system leak in the annular space between the inner and outer
containment was recognised as a possible threshold phenomenon that could threaten
the operability of all the subsystems of safety systems. For this reason, the fire water
system was modified during construction to enable throttling any leak flow into the
annular space and significantly slowing down the development of a flood, allowing the
personnel to detect and isolate the leak. In addition, the separation of the storage
tanks of the Olkiluoto power plant’s fire water system was improved to limit the
leaking water volume in the worst case scenario. The worst possible fire water flood
in the annular space was analysed, and it was noted that such a flood cannot
threaten the shutdown of the plant or the performance of the safety functions.

3.4.3

Pipe breaks
The design of the Olkiluoto 3 nuclear power plant unit has considered high-energy
pipe breaks. Such breaks can threaten the operation of the systems, structures and
components required for the management of the situation. High-energy pipes are
pipes containing water or steam whose pressure during the normal operation of the
plant unit is over 20 bar or whose temperature is over 100 °C. In addition, pipes
containing gas are always considered high-energy pipes. The jets or whipping pipes
resulting for the failure of these pipes could damage the structures, other pipes,
components or electrical or I&C cables in the vicinity.
The starting point for the design of the Olkiluoto 3 nuclear power plant unit is the
placement of the components of the systems performing safety functions in different
safeguard buildings on a subsystem-specific basis. However, such structural
separation is not possible inside the containment. Inside the containment, the effects
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of a high-energy pipe break on the components required for the management of the
break was analysed. The analysis was divided into two sections: the effects on other
pipes and components and the effects on electrical and I&C cables. The analysis first
recognised the safety functions necessary for the management of the situation and
the structures, systems and components performing these, and then the ones located
in the area affected by the break. If the analysis resulted in the possibility of damage
to the piping systems, components or cables important in terms of managing the
situation, the necessary modifications were designed for these. For example, a cable
route was changed such that the cable is no longer in the area affected by the break,
or physical protection was installed for a valve actuator.
High-energy pipe breaks have been considered in the design and implementation of
the Olkiluoto 3 nuclear power plant unit in accordance with Section 15 of STUK
Regulation Y/1/2016.
3.4.4

Loads falling
Various heavy loads are lifted and moved during the nuclear power plant’s annual
outages and other possible maintenance work, such as the head unit of the reactor
pressure vessel (195 t), reactor internals (120–180 t) and cover slab (80 t).
The falling of loads is prevented with a high degree of certainty by means of the
design of the hoisting and transfer equipment. In addition, the consequences of the
falling of loads are minimised by designing the transfer routes and heights as well as
administrative restrictions. The separation of the subsystems of safety systems by
means of sufficient distances and structures also helps to mainly restrict the
consequences of the falling of a load to a single subsystem. The separation principle
of subsystems cannot be fully applied in the containment, in the annular space
between the inner and outer containment or in the fuel building. For these buildings, it
must be demonstrated that the falling of a load does not endanger two or more
subsystems simultaneously. Nor may the falling of a load cause a radioactive release
into the environment.
In the early phase of the construction of the Olkiluoto 3 nuclear power plant unit,
STUK required that analyses on the falling of heavy loads must take into account all
loads, lifting routes and lifting heights important to safety and analyse the
consequences of falling loads for systems, structures and components. As regards
safety-significant buildings, it has been demonstrated by structural analyses and
building-specific assessment reports that the concrete slab or other structure under a
falling load withstands the impact from the fall. In buildings where it has not been
possible to demonstrate sufficient resistance, heavy lifting has only been performed
once in the construction phase or the lifting height is restricted using accessories
during lifting. In addition, the plant supplier has conducted, for example, the following
safety analyses that are the most significant in terms of the results of loads falling:
–
–
–
–

the fall of the head unit of the reactor pressure vessel
the fall of the upper internal parts of the reactor
the fall of the cover slab on the head of the reactor pressure vessel
the fall of the cover slab on the bottom of the reactor pool
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- the fall of the tightening device of the head bolts of the reactor pressure
vessel.
The safety analyses have demonstrated that the falling of loads does not prevent
shutting down the reactor into a safe state. They have also shown that as a
consequence of a falling load, no event sequences leading to fuel melting are created
in the reactor pressure vessel or fuel building pools, and in falls leading to mechanical
damage of fuel, no radioactive emissions are created that exceed the limit values.
3.4.5

Explosions
The plant’s layout and equipment design has prepared for various explosions. The
effects of these were first limited to the fire compartments, after which the vibration
caused by explosions was considered in the design of structures and safety system
components together with the requirements for seismic and aircraft crash resistance.
STUK approved the explosion protection analysis, which includes descriptions of
explosive gas storage, piping systems and ventilation of the applications. In this
context, STUK required further, more detailed cross-sectional descriptions of the
buildings and hazardous areas in order to confirm the ATEX protection levels of
electrical equipment. TVO responded to this in the corresponding administrative
inspection memorandum for the FSAR. This will be reviewed during the
commissioning inspections of the buildings and fire protection arrangements
(confirmatory walkdown) before bringing fuel to the corresponding plant areas.

3.4.6

Missiles caused by explosions and equipment failure
With regard to missiles, the resistance of the nuclear island is based on thick
concrete structures. In addition, the plant’s turbine generator has been positioned
such that a missile hitting the nuclear island is unlikely. The sufficiency of the
structures for protecting the premises was naturally demonstrated in the structural
design.
The missile load may also originate from the turbine plant of the Olkiluoto 1 or 2
nuclear power plant unit. The consideration of an aircraft crash as a design basis for
the Olkiluoto 3 nuclear power plant unit also provides protection against such
missiles.
Review result
Internal hazards have been considered in the design and implementation of the
Olkiluoto 3 nuclear power plant unit in accordance with Section 15 of STUK
Regulation Y/1/2016.

3.5

Mechanical components
Chapter 3.6 describes the general design basis of mechanical systems, components
and equipment as well as the loads on which the design is based.
No significant requirements concerning the matter have been presented in the
implementation of the new YVL guides (E.4, B.1 and B.5).
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The loads on the reactor primary circuit equipment and supports have been chosen in
accordance with the design standard used, RCC-M. The loads to be considered
include pressure, self-weight, thermal/pressure transients, earthquake loads and
loss-of-coolant accidents (LOCA). The general principle for combining rare loads is
that rare loads are independent of each other, i.e. an earthquake is not assumed to
occur simultaneously with a LOCA.
The selection of the fatigue analysis transients is based on a conservative estimate of
the magnitude and number of temperature and pressure changes. The aim has been
to select the load situations and related process parameter values such that the
plant’s actual loads are lower than the loads used for the design. References to the
fatigue and environmental fatigue procedure reports used for the design of
mechanical components can be found in the FSAR’s topical reports. The procedure
reports provide detailed instructions for performing the analyses.
The break preclusion (BP) principle has been used in the design and construction of
the main coolant lines in order to rule out complete failure of a main coolant line. In
addition, it has been demonstrated by strength analyses that the leak before break
(LBB) principle is met in the main coolant lines. The bimetallic weld joints of the
reactor pressure vessel and steam generator connection have been analysed
thoroughly, since the structural solutions differ from those used previously and the
brittle fracture margins of the bimetallic weld joints are difficult to assess, in addition
to which the bimetallic weld joints may complicate the implementation of the break
preclusion principle.
In the primary circuit design, one of the dimensioning accident situations is a main
coolant line break restricted by whip restraints, even though the probability of pipe
breaks in the main coolant lines is low. These analyses have been conducted as
design basis accident situations (postulated accident), so their initial presumptions
have been selected conservatively. For additional confirmation, a complete,
unrestricted pipe break of the main coolant line has been analysed. The analysis was
performed as a design extension condition (DEC), meaning that its initial
presumptions have been selected realistically.
The strength analyses cover the basic dimensioning, strength and fatigue analyses
as well as analyses of fast fracture (brittle and ductile fracture) and LBB. The
summary reports of the calculation results can be found in the FSAR’s topical reports.
The starting point for the strength analyses is that the calculation is performed in
accordance with the RCC-M standard. Analysis of gradually increasing deformation
(thermal ratcheting) and progressive deformation is conducted using the plant
supplier’s own method in situations in which an acceptable result cannot be received
using the RCC-M standard. The plant supplier’s method has been verified by test
results, in addition to which there are international publications about the method.
STUK has approved the use of this procedure. Fast fracture analyses investigate the
brittle and ductile fracture of a cracked item. STUK approved the use of strength
analyses as part of the construction plan review.
The load and strength analyses were carried out using commercial programs as well
as programs developed by the plant supplier, the accuracy of which has been verified
using comparison calculations and experimental results. The most important
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computer programs used in the analyses are LOCAFLEX, S-TRAC, ROLAST,
JUPITER, TEDEL, SYSTUS, ASTEQ, FARAMIS and KJ_RSEM. LOCAFLEX and STRAC were used for the calculation of a unrestricted and restricted primary circuit
break. The programs take into account the interaction between liquid and structures.
LOCAFLEX has been developed for investigating the behaviour of fuel, in addition to
which it has been utilised in analysing the internals. ROLAST is intended for
calculating the progress of pressure waves. The flowing material can be liquid water,
a two-phase mixture or gas. The program takes into account pipe branching, pumps
and various valves.
JUPITER and TEDEL are used for dynamic earthquake, aircraft crash and coolant
loss load analyses. SYSTUS is a finite element method (FEM) program used for
stress analyses. In the LBB analyses, the leak volume is analysed using ASTEQ,
whereas the critical fracture size and fracture opening area of a penetrative fracture
are calculated using FARAMIS. Burst analyses of fatigue-loaded surface fractures
are conducted using KJ_RSEM.
Chapter 3.6 of the FSAR provides a sufficient description of the general design basis
of mechanical systems, components and equipment as well as the loads on which
the design is based. The design loads account for the various operating and accident
situations of the primary circuit as well as environmental effects. The results of the
final strength analyses can be found in the topical reports. Based on the analyses,
the safety margins will remain sufficient through the plant unit’s design life (60 years),
and the failure of the reactor pressure vessel and primary circuit can be considered
extremely unlikely.
3.6

Ambient requirements for mechanical and electrical and I&C equipment
Chapter 3.7 of the FSAR covers the accident condition qualification for mechanical
and electrical and I&C equipment. In this context, ambient conditions refer to the
conditions during and after an internal hazard (such as a leak or pipe break) that may
affect the safe and reliable operation of components. Seismic loads and loads caused
by loss-of-coolant accidents are handled independently of each other.
An ambient qualification family has been specified for each component to be
qualified. The ambient qualification family specifies the ambient conditions of accident
situations to be considered in the qualification, such as pressure, temperature,
humidity and radiation. The procedures for specifying the qualification families as well
as the detailed qualification requirements for components are presented in topical
report E1025 and its appended documentation.
I&C and electrical equipment important to safety have been qualified by means of
type tests, operating experiences and analyses. During the design and manufacturing
process, quality control has been performed on safety class 2 I&C equipment as part
of the type approval, and the manufacturers of safety class 3 equipment have been
required to have an independently assessed management system. Manufacturers of
safety class 2 and 3 electrical equipment are required to have an independently
assessed quality management system in accordance with an applicable standard.
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STUK reviews the qualification specifications and suitability assessments of I&C and
electrical equipment. Some of the suitability assessments have not been submitted
yet but will be submitted to STUK before fuel loading.
Review result
Comprehensive qualification profiles have been specified for the Olkiluoto 3 nuclear
power plant unit, based on which requirements corresponding to the ambient
conditions in accident situations are set for the equipment. The qualification of
equipment has been demonstrated by means of type tests, operating experiences
and analyses.
Chapter 3.7 of the FSAR presents a sufficient description of the qualification of
mechanical and electrical and I&C equipment. Qualification at the Olkiluoto 3 nuclear
power plant unit meets the requirements presented in STUK Regulation Y/1/2016 and
YVL guides.
3.7

In-service inspections
Chapter 3.8 covers the pre-service and in-service inspections performed for safety
class 1 and 2 equipment. Appended to the chapter is a summary programme for inservice inspections, which was submitted to STUK separately as part of the operating
licence documentation. STUK approved the summary programme for in-service
inspections by decision 1/G45222/2016.
The chapter describes the in-service inspection principles and items to be inspected.
The purpose of the inspections is to ensure that the items to be inspected meet the
requirements set for them and that any damage occurring is observed before it can
cause a risk to safety. Performing the inspections has been taken into account
starting from the design phase in order to minimise the radiation dose accumulated
from the inspections.
The comprehensiveness and methods of in-service inspections have been specified
according to the ASME Boiler and Pressure Vessel Code, Section XI, Rules for
Inservice Inspection of Nuclear Power Plant Components, Division 1 (ASME Code,
Section XI). The flaw indications observed during the inspections are also assessed
in accordance with the procedures specified in the standard. The qualification of the
inspection systems used in the in-service inspections is performed according to the
qualification procedures of the European Network for Inspection and Qualification
(ENIQ).
The inspection areas have been selected in a risk-informed manner. STUK has
separately approved the description of the risk-informed selection of inspection areas.
The main items to be inspected are the reactor pressure vessel and its head,
pressurizer, primary and secondary sides of the steam generators, reactor coolant
lines and surge line, main coolant pumps and main steam and main feedwater lines.
The other components to be inspected are listed in more detail in the inspection
programmes.
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In the PSAR phase, STUK observed that pressure vessel inspections had been
planned to be carried out using radiographic inspection instead of ultrasonic
inspection, which would be more suitable. In the FSAR, the pressure vessel
inspection methods are ultrasonic inspection and visual inspection. Ultrasonic
inspection is also extensively used for other items. Other inspection methods include
eddy current inspections, which are used for inspecting the steam generator tubes,
for example, as well as visual inspections either directly or using a camera.
The Final Safety Analysis Report provides a sufficient description of the in-service
inspections.
3.8

Materials
Chapter 3.9 describes the material selection principles and materials used. Appended
to the chapter are three parts of topical report TR 1019 (“Part 1, Design Principles
with respect to material selection for Quality class QC1 and QC2 systems and
components applicable for Olkiluoto 3 NPP”, “Part 2, Design Principles with respect
to material selection for Quality class QC3 systems and components applicable for
Olkiluoto 3 NPP” and “Part 3, Material Selection for Seawater Systems”). STUK has
approved these topical reports during construction.
The material selections of safety class 1 pressure retaining parts are based on the
RCC-M standard, which has also been applied to the material selections of the most
important non-pressure retaining parts. Examples of these are the reactor internals
and component supports. The RCC-M, KTA or ASME standard has been applied for
quality class QC2 components. QC3 and EYT components have been designed
according to the guidance provided by the Pressure Equipment Directive. The
structural materials used are standardised materials with a long history in industry
and at other nuclear facilities. In the material selections relating to manufacturing,
engineering issues, such as weldability and processing properties, have been taken
into consideration.
In addition to metal materials, the chapter briefly covers other commonly used
material groups, such as coatings, sealing and insulating materials as well as
concrete and reinforcements. Insulating materials in terms of the clogging of the filter
strainers are also covered in Chapter 5 of the Final Safety Analysis Report, which
deals with the primary circuit. Concrete and reinforcement steel are reviewed in
Chapter 3.5 of the Final Safety Analysis Report.
The chapter also covers materials whose use at the plant has been avoided due to,
for example, corrosion risk or activation. The most important of these is cobalt.
However, it has not been possible to fully avoid the use of cobalt, since it is difficult to
find a replacement material for it. Cobalt has been used in hard-coating for certain
parts of the reactor internals, main coolant pumps and control rods, for instance.
The Final Safety Analysis Report provides a sufficient description of the materials.

3.9

Ageing management
Chapter 3.10 describes the principles of ageing management. Appended to the
chapter is topical report TR E 1029, which is an ageing management programme
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prepared by the plant supplier. TVO has its own ageing management programme,
which covers all the plant units (Olkiluoto 1/2/3) and the spent fuel storage. The
ageing management programme prepared by the plant supplier has been used in
TVO’s own programme as initial data for ageing management at the Olkiluoto 3
nuclear power plant unit. TVO’s ageing management programme was submitted to
STUK separately as part of the operating licence documentation, and STUK
approved it by decision 1/G42259/2016. The implementation of Guide YVL A.8
required that SSC-specific information for systems, structures and components
covered by ageing management be added to the ageing management programme
before fuel loading.
Ageing management recognises components important to safety and operation
whose ageing should be monitored along with the related ageing mechanisms and
specifies the ageing management actions, such as inspections, other condition
monitoring and maintenance.
The ageing management document appended to the chapter provides a general-level
description of the ageing mechanisms. In addition, component-specific ageing
management procedures (Special Aging Management Program – SAMP) have been
prepared for the most important mechanical components. The structures as well as
the electrical and I&C systems and components are covered by the general ageing
management programme.
The Final Safety Analysis Report provides a sufficient description of ageing
management.
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4

Reactor

4.1

Introduction
Chapter 4 of the Final Safety Analysis Report describes the fuel assemblies, the
reactor core made up of the assemblies as well as the other core-internal
components (control rods, neutron sources and thimble plug assemblies). Chapter 5
describes the mechanical structures of the reactor core instrumentation and Chapter
7 its operation.
As regards its core, the Olkiluoto 3 nuclear power plant unit’s reactor is a typical
Western pressurised water reactor. The fuel rods are arranged in open fuel
assemblies into a 17 x 17 square lattice. There are 265 fuel rods in an assembly, and
guide tubes have been fastened to the remaining 24 positions for controlling the
control rods and placing instruments.

4.2

Fuel, control rods and other components
The fuel pellets do not differ from the pellets commonly used for Western pressurised
water reactors. Some of the fuel rods contain gadolinium oxide as a burnable
absorber to reduce the reactivity of fresh fuel. The fuel rod cladding material is a
zirconium-based alloy which, based on tests and operating experiences, has been
found to have more favourable features in the operating conditions and accident
situations than the previously used materials.
The control rods are finger control rods typical of pressurised water reactors, pushed
into the fuel assembly guide tubes to control the reactor power distribution. In the
event of an operational occurrence or accident, a reactor trip is carried out by
dropping the control rods into the reactor core by the force of gravity. The control rods
are long and thin, so they will be pushed inside the reactor even if the fuel assembly
is slightly bent.
Other reactor core components include the plugs of unused guide tubes and the
neutron sources. One or two guide tubes of plugged assemblies can be left open for
the reactor core instrumentation.
STUK has inspected the mechanical design of the core components as well as the
strength analyses made for accident situations.

4.3

Nuclear design
The safe use of the reactor requires that its reactivity feedbacks are negative,
meaning that the reactor itself strives to resist an increase in the power output. The
most important feedback is the effect of the fuel pellet temperature on the reactivity,
which is always negative in reactors using uranium fuel. The reactivity effect of the
moderator (cooling water) temperature is the less negative the colder the water is and
the more boron it contains. This, together with the requirements set by the water
chemistry, determines the maximum boron concentration of the coolant during
operation. The core has been designed such that when the boron concentration is at
its highest at the beginning of the cycle, the coolant temperature coefficient in the hot
zero power condition is only slightly negative.
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The slow power reactivity feedback through changes in the xenon concentration is
positive and, in reactors the size of the Olkiluoto 3 nuclear power plant unit’s core,
usually has a higher absolute value than the negative power feedbacks of the core. In
the absence of corrective measures, this leads to the power distribution slowly
starting to oscillate in the axial direction. The oscillations are mainly eliminated by
means of a control rod arrangement in which the axial power distribution is kept within
the predetermined limits by means of small, active corrective movements. The
equilibrium loading corresponds to existing pressurised water reactors in terms of its
stability characteristics. In addition, the reactor is equipped with safety systems
preventing the local excessive increase of power.
STUK has reviewed the nuclear design presented in the Final Safety Analysis Report.
As regards the reactor-physical parameters, it can be generally noted that they can
be significantly influenced by means of cycle-specific core design, separately
approved by STUK for each operating cycle.
4.4

Thermal hydraulic design
The main purpose of the thermal hydraulic design of the reactor core is to ensure
sufficiently efficient heat transfer from the fuel such that the safety criteria are met. To
meet this objective, the fuel designer has specified the design bases for the departure
from nucleate boiling ratio (DNBR, significant reduction in heat transfer), fuel
temperature, core flow and hydrodynamic stability.
The fulfilment of the DNBR and fuel temperature criteria during various operational
occurrences and accidents is presented in Chapter 15 of the Final Safety Analysis
Report. The DNBR correlation used in the analyses is a correlation developed
separately for the fuel type used at the Olkiluoto 3 nuclear power plant unit based on
experimental data. STUK has inspected the scope of the correlation and the rest of
the thermal hydraulic design during the fuel type licensing.

4.5

Functional design of the reactivity management systems
Reactivity control is performed using a combination of boric acid dissolved in the
water and control rods moving inside protective tubes in the fuel assemblies such that
changes in reactivity caused by changes occurring slowly (xenon, burn-up) are
compensated using boric acid and fast changes relating to, for example, power level
changes are compensated using the control rods. The reduction in reactivity caused
by fuel burn-up is also compensated using gadolinium oxide, which is added to fuel
pellets to absorb neutrons and whose amount decreases during the use of the fuel.
In the Olkiluoto 3 nuclear power plant unit’s reactor, as is typical of pressurised water
reactors, the control rods have dimensioned such that they alone are not enough to
keep a cold, shut-down reactor subcritical. The dimensioning of the control rods is
based on the reactor’s shutdown margin being sufficient without the addition of boric
acid (i.e. the reactor remains shut-down with a high degree of certainty) during
anticipated operational occurrences and, on the other hand, in the hot shutdown
condition after a reactor trip, even after the reactivity-reducing xenon that is
generated when the reactor is running has disappeared from the reactor. According
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to the YVL guides, keeping the reactor subcritical in accident situations can also be
facilitated using boric acid supplied by the emergency cooling systems.
For the criticality safety of the reactor, it is essential that the entry of boron-free water
into the core be prevented with a high degree of certainty, especially during
maintenance outages. For the largest sources of boron-free water, this has been
ensured using automatic interlocks.
The control rods are the primary reactor shutdown system. The control rods are
controlled using the control rod drive mechanism (JDA), which receives its functional
signal from either the reactor protection system or the reactor control and limitation
system.
During normal operation, adjusting the primary circuit boron concentration during both
power operation and outages is performed using the chemical and volume control
system (KBA), which receives its supply from the reactor boron and water makeup
system. The system receives its operating commands from the operator or the
reactor control and limitation system. During accidents, the emergency cooling
system feeds boron-containing water into the primary circuit.
If the chemical and volume control system is not in use, water with a high boron
concentration can be fed into the reactor using the extra borating system (JDH). The
extra borating system is also used in the unlikely case of a failed reactor trip using
control rods, in which case it receives an automatic start command from the reactor
protection system. In addition, subcriticality in the event of a steam pipe break is
ensured by starting the extra borating system automatically.
STUK has inspected the sufficiency of the reactivity management systems for the
reactor. The review of the design and implementation of the systems used for
reactivity management is covered in chapters 5, 6, 7 and 9 of this document.
4.6

Review result
The fuel, control rods and reactor core design of the Olkiluoto 3 nuclear power plant
unit represent the typical pressurised water reactor technology used in the Western
countries. There are many operating experiences available concerning reactors and
fuel of the similar type from French and Belgian 1,300 MW plants. The operating
experiences are generally positive.
Based on the review, the reactor meets the requirements given in STUK Regulation
Y/1/2016 and in the YVL guides concerning the reactor and fuel.
However, it must be considered that the reactor core is a part of the plant that
changes during every fuel replacement outage and, ultimately, the fulfilment of the
criteria is inspected for each fuel loading separately. In addition, it is expected that
new fuel types are occasionally commissioned during the plant’s lifetime, before
which the fulfilment of the requirements is ensured during the licensing of each fuel
type.
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5

Primary circuit

5.1

Introduction
Chapter 5 of the Final Safety Analysis Report presents the operation of the reactor
coolant system (main coolant circuit) and the design basis of its components. The
system consists of the reactor pressure vessel with its internals and control rod
mechanisms, pressurizer, main coolant lines, main coolant pumps and steam
generators. The main coolant circuit also includes the spray, blowdown and
overpressure protection systems related to the pressurizer. The reactor core, which
consists of fuel assemblies, is presented in Chapter 4.
The reports appended to Chapter 5 include reports concerning the strength analyses
of the main components as well as system descriptions concerning the primary
circuit, control rod mechanisms and in-core instrumentation and the related safety
assessments.
The tasks of the system include heat transfer from the reactor core using the steam
generators or decay heat removal systems, overpressure protection, ensuring the
safety margin of nuclear fuel film boiling and the sufficient suction pressure of the
main coolant pumps as well as reducing the load level of equipment and the amount
of active corrosion products. Another key task of the reactor coolant system is
preventing the dispersion of radioactive material (STUK Y/1/2016, Section 10).
In the implementation of the new YVL guides, the technical requirements for the main
coolant circuit are met in the E series guides applying to equipment. At the beginning
of commercial commissioning, TVO has been required to update some of its internal
procedures in order to ensure that the licence holder’s operations comply with the
new YVL guides.

5.2

General design requirements
The cooling of the main coolant circuit has been designed such that the design
values of the fuel or main coolant circuit equipment are not exceeded. The main
coolant circuit pressure adjustment ensures that the design pressure of the
equipment is not exceeded. In accident situations, the pressurizer safety valve
stations protect the main coolant circuit against overpressurisation. In severe reactor
accidents, reactor pressure vessel failure at high pressure is prevented with the help
of the pressurizer blowdown valves, which can be used to reduce the main coolant
circuit pressure below 20 bar before the failure of the reactor pressure vessel. The
primary circuit is equipped with leak monitoring systems.
The main coolant circuit components have been designed for 60 years of operation.
The design of the equipment and selection of the structural materials have prepared
for mechanisms weakening the equipment during operation. The fault-freeness of the
structural material and welds has been ensured during manufacture and the related
non-destructive inspections. The effects of neutron radiation on the structural material
of the reactor pressure vessel are monitored using a separate monitoring program.
The design of the main coolant circuit has considered the break preclusion (BP)
principle, intending to eliminate the possibility of fast fracture by all available means.
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In addition, the possibility of unrestricted pipe breaks has been considered in the
functional design of the reactor core emergency cooling system, design of the
containment and ambient qualification of the equipment. Furthermore, mechanical
loads on the reactor pressure vessel and pressurizer internals in the event of pipe
breaks have been restricted by whip restraints installed in connection with the main
coolant lines.
5.3

Reactor
The reactor pressure vessel consists of four circular forgings and a hemispherical
end. The reactor pressure vessel head is made of a circular flange forging and
hemispherical end. There are eight main coolant circuit connections. The pressure
vessel flange and the set-on-type connections of the main coolant lines have been
integrated into the upper shell forging. This structure reduces the number of welds in
the reactor pressure vessel shell. The reactor pressure vessel material is low-alloy
quenched and tempered steel 16MND5 in accordance with the RCC-M standard, with
anti-corrosion austenitic lining welded on the inside with two layers of welding beads.
The reactor pressure vessel has no connections below the reactor core. Located on
the reactor pressure vessel head are the control rod mechanism penetrations (89
pcs), core instrumentation penetrations (16 pcs), bleed nozzle and cover temperature
measurement connection. The reactor pressure vessel flange is equipped with two
seal rings with a leak detection line installed in the space between them. The reactor
pool cladding is welded to the projection on the reactor pressure vessel flange. The
main coolant circuit connections on the reactor pressure vessel are equipped with
austenitic welding heads welded with nickel-alloyed alloy 52 filler without a buffer
layer. The reactor pressure vessel head is fastened with 52 bolts, nuts and washers,
whose material is 40 NCDV 7.03 steel in accordance with the RCC-M standard.
The reactor pressure vessel is supported on its connections against the support ring
in the concrete structure of the containment. The support allows for radial thermal
movements of the pressure vessel. Vertical movements are limited as the forces are
transferred through the main coolant lines of the entire primary circuit.
For monitoring the radiation embrittlement of the reactor pressure vessel material,
test rods are placed in casings inside the pressure vessel, at the reactor core. The
test rods are tested according to a separate monitoring programme.
Various load situations on the reactor pressure vessel have been analysed through
comprehensive strength analyses. The integrity of the reactor pressure vessel is
monitored through an in-service inspection programme. STUK approved the reactor
pressure vessel strength analyses as part of the construction plan processing and
load reports as part of the system design review.

5.4

Reactor pressure vessel internals
The purpose of the reactor pressure vessel internals is to support the reactor core,
control the coolant flow and protect the control rods and reactor core instrumentation.
In addition, the internals include the heavy reflector, which reduces the radiation dose
received by the reactor pressure vessel shell material. The reactor pressure vessel
internals consist of the lower internals, which direct the coolant flow from the cold
legs of the main coolant piping to the reactor core, and the upper internals, which
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support the internals vertically and direct the coolant flow from the reactor core to the
hot legs of the main coolant piping. The control rod control units have been fastened
to the support plate of the upper internals with bolted joints. The materials of the
internals are austenitic stainless steels in accordance with the RCC-M standard. The
design of the internals has involved hydraulic mock-up tests whose results have been
assessed by STUK.
The reactor pressure vessel internals have been analysed in various load situations.
The strength analyses also cover analysing the consequential effects of an
unrestricted pipe break. STUK approved the strength analyses of the reactor
pressure vessel internals as part of the construction plan processing.
5.5

Main coolant pumps
Heat transfer from the reactor core to the steam generators has been ensured by
means of coolant flow generated by the main coolant pumps. The suction
connections at the bottom of the main coolant pumps’ frame have been connected to
the piping coming from the discharge side of the steam generators. The pumps are
vertical centrifugal pumps. The pressure side connections of the pumps are located
on the side of the frame and connected to the cold leg pipes leading to the reactor.
The frame of the main coolant pumps is made of austenitic-ferritic cast steel. The
main flange is made of low-alloy 16MND5 quenched and tempered steel. The
impeller and guide vanes are made of austenitic stainless cast steel. The pump shaft
material is austenitic stainless forging.
The pumps are driven by a three-phase, air-cooled short-circuit motor. The motor
shaft is made of forged steel according to the RCC-M standard. A flywheel made of
two plates has been installed on a shaft in the upper part of the motor, providing an
inertial mass that ensures that the pumps slow down for 10 minutes before stopping
in the event of complete power loss.
A heat shield with cooling pipes has been installed on the pump cover unit to prevent
heat transfer from the primary coolant to the pump shaft seals. The tightness of the
pump shaft has been ensured using water-lubricated three-stage shaft seals and a
separate pump static seal. Shaft seal 1 has been installed on the heat shield flange
with screw joints and receives its spray from the volume control system. Seals 2 and
3 as well as the static seal have been installed as a single cartridge above the first
seal. The cartridge has been fastened to the frame of seal 1 with screw joints. Each
seal consists of a rotator rotating with the shaft and a stationary seal ring installed on
the seal frame. The seal water flow and the pressure difference across the seal
prevent contact between the seal surfaces with the required operating parameters.
Slight axial displacement is possible. The leak flow after seal 1 is directed back into
the volume control system. Seal 2 seals shaft leaks in the event of seal 1 failure.
Small leaks after seal 2 are directed into the primary circuit leak collection systems.
The spray for seal 3 is taken from the demineralised water distribution system due to
the seal’s minor leak flow. This prevents the deposition of boron.
The static seal works with the pressure of the nitrogen system and prevents leaks
when the pump is not running. The pump and motor are connected by a connecting
piece that enables the replacement of the shaft seals with the motor in place. The
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pump’s radial bearing is located between the impeller and the guide vanes and is of
the hydrostatic type.
The pump’s water-lubricated auxiliary bearing is located at the heat shield cooling
pipes and is of the hydrodynamic type. The auxiliary bearing is only needed for
starting and stopping the pump and in accident conditions. The oil-lubricated radial
bearing and oil-lubricated axial bearings are located at the top end of the electric
motor. The upper axial bearings are used during normal operation, and the lower
axial bearings support the shaft at low primary circuit pressure levels. For starting the
pump, the bearings at the top end of the motor are equipped with a lifting oil system.
A separate oil cooler is connected to the upper part of the motor, equipped with oil
collection troughs for oil leaks. The oil system at the bottom end of the motor has its
own cooler. The motor’s air coolers are located on the sides of the stator, fastened to
the motor frame.
STUK approved the design of the main coolant pumps as part of the system design
review and pump construction plan review.
5.6

Steam generators
The steam flow required by the steam turbine during the power operation of the plant
is produced by four steam generators. Heat transfer from the reactor core occurs
through the steam generators in all situations except for a situation where decay heat
is removed using the decay heat removal system. The steam generators have a
vertical structure. The steam generator shell is made of six circular forgings, a forged
pipe plate and elliptic end forging as well as the convex end forging of the primary
circuit. The material of the steam generator shell is low-alloy quenched and tempered
steel 18MND5 in accordance with the RCC-M standard. The primary end has
austenitic lining welded with two layers of welding beads. The primary side lining of
the pipe plate has been welded with Inconel 52 nickel alloy. The primary end has
been divided into two spaces with a partition plate. Each space has a connection to
the main coolant piping and an access opening.
The main coolant piping connections are equipped with austenitic welding heads
welded with nickel-alloyed alloy 52 filler without a buffer layer. The secondary side
shell is equipped with connections to the feedwater and main steam piping system as
well as the emergency feedwater system. There are two access openings in the
upper part of the secondary side. The steam generators are supported with four
articulated supports at the primary end and horizontal articulated supports under the
conical shell. The supports allow for movements caused by thermal expansion of the
primary piping.
The steam generator internals include a double-casing structure to which the support
plates of the heat delivery pipes have been fastened. In addition, the internals include
the feedwater and emergency feedwater distributors, steam separator, steam dryer
structures and heat delivery pipes. The heat delivery pipes (⍉19.05 x 1.5 mm) are
made of nickel-dominated alloy 690. The heat delivery pipes are connected to the
pipe plate bores by welding and hydraulic expansion.
The double-casing structure directs the primary flow to the discharge side, whereas
the water returning from the steam dryers is directed to the inlet side of the primary
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flow. The arrangement significantly enhances heat transfer from the primary coolant
to the secondary circuit. The steam line connection is equipped with flow restrictors to
prepare for a steam pipe break. From above the pipe plate, there are flushing flows to
the blowdown system. The purpose of this arrangement is to prevent the
accumulation of impurities on the top surface of the pipe plate. The feedwater
connection is located below the nominal level during power operation. This reduces
thermal accumulation in the feedwater line.
STUK approved the design of the steam generators as part of the system design
review and steam generator construction plan review.
5.7

Reactor coolant lines and surge line
The main coolant lines include the pipe sections between the four steam generators
and main coolant pumps and the reactor pressure vessel. Each piping system
consists of the hot leg between the reactor and steam generator, the cold leg
between the main coolant pump and reactor and the pipe section between the steam
generator and main coolant pump. A surge line to the pressurizer has been installed
on the hot leg of the third coolant circuit. The main coolant lines are made of
austenitic stainless steel forgings (X2CrNi19-10N2). The pipe elbows are inductionbent. The number of welds has been reduced by machining connections larger than
DN100 directly from pipe forging billets and manufacturing the cold leg pipe forging
as a single piece. The hot leg is made of two forgings, a pipe and pipe elbow. The
pipe section between the steam generator and the main coolant pump consists of
three induction-bent pipe elbows. The pressurizer surge line consists of seven
induction-bent, austenitic, stainless forged pipe elbows (X2 CrNiMo18-12N2). In the
manufacture of large austenitic pipe forgings, special attention has been paid to the
grain size of the austenitic microstructure created in the pipe forging during the
forging. A large grain size makes it more difficult to inspect the material by ultrasound
as a result of the ultrasonic scattering caused by the grain boundaries. STUK has
assessed that the main coolant lines can be inspected by ultrasound according to the
requirements.
The break preclusion principle has been considered in the manufacture of the main
coolant lines. In addition, the pipes have been equipped with whip restraints for pipe
breaks. Any leaks are monitored using the leak measurement system in the
containment. STUK approved the design of the main coolant lines as part of the
system design review and main coolant line construction plan review.
During the pre-operational testing of the Olkiluoto 3 nuclear power plant unit, it
emerged that the vibration of the surge line of a pressurizer that is a part of the
primary circuit exceeds the set criteria. To limit the vibration to allowable values,
dampers will be installed to the surge line. The description of the dampers is not yet
included in FSAR. FSAR will be updated later on to correspond the implemented
modification.
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5.8

Pressurizer
The purpose of the pressurizer is to adjust the primary circuit coolant pressure,
temperature and volume. The pressurizer has a vertical structure. The pressurizer
shell is made of three circular forgings and hemispherical ends. The shell material is
low-alloy quenched and tempered steel 18MND5 in accordance with the RCC-M
standard, with anti-corrosion austenitic lining welded on the inside with two layers of
welding beads. The top end of the pressurizer is equipped with an inspection opening
and three safety valve line connections as well as one pipe connection for the
pressure relief valves related to the management of a severe reactor accident.
The upper part of the pressurizer is equipped with three spray line connections and
spray nozzles. Two of the pressurizer’s spray lines are connected to the cold legs of
the primary circuit and one to the volume control system. In the lower part of the
pressurizer, 108 electrical resistors with their protective tubes have been installed.
The heating output of the electrical resistors is 2,592 kW. The bottom end of the
pressurizer is equipped with the surge line connection with its thermal protection
sleeve and protective strainer. The pressurizer is supported against the reactor
building by three supports on the lowermost shell forging. Horizontal support for the
pressure vessel has been arranged at the upper part of the middle forging using eight
limiters anchored to the containment. The support allows for thermal movements of
the pressure vessel but ensures that the vessel stays in place in operating and
accident situations.
For overpressure protection of the primary circuit, three safety valve stations have
been installed above the pressurizer. Each safety valve station consists of one main
valve, two mechanical control valves and two electric control valves. One of the
mechanical control valves is connected and the other isolated. The electric control
valves can be used to reduce the primary circuit pressure in accident situations. To
prepare for severe reactor accidents, two parallel pressure suppression lines have
been installed above the pressurizer with a common connection and pipe connection
at the top end of the pressurizer. In the event of a severe reactor accident, the
pressure relief valves can be used to reduce the primary circuit pressure below 20
bar according to the design bases before the failure of the reactor pressure vessel.
This ensures the adequacy of the reactor pressure vessel supports and the integrity
of the steam generator tubes during a severe reactor accident.
STUK approved the design of the pressurizer and the related accessories as part of
the system design review and equipment construction inspection.

5.9

Control rod mechanisms
On the reactor pressure vessel head, 89 control rod mechanisms have been installed
using flange connections. The purpose of the mechanisms is to position and move
the control rods in the reactor core in order to control the heat output. Each control
rod mechanism consists of a pressure body, lock unit, operating rod and coil housing.
The pressure body material is austenitic stainless steel, and the lock unit is made of
martensitic stainless steel. The pressure body of the control rod mechanisms acts as
the main coolant circuit’s pressure limit. The tightness of the flange connection is
ensured using metal conical seals and a leak test pipe. The control rod mechanism is
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also equipped with analogue and digital measurement of the control rod positions.
STUK approved the design of the control rod mechanisms as part of the system
design review and control rod mechanism construction plan review.
5.10

Review result
The Olkiluoto 3 nuclear power plant unit’s reactor coolant system and main
components of the primary circuit are presented in Chapter 5 of the Final Safety
Analysis Report. The description presented provides a sufficient summary of the
design and implementation of the main coolant circuit. In its review, STUK required
improvements in order to improve the readability and usability of Chapter 5. It must
also be possible to find the essential initial data documents, method descriptions,
analysis reports and equipment drawings through the general section of Chapter 5.
This facilitates the use of the design data during accident situations. In its review,
STUK noticed a few inconsistencies between the summary reports of some strength
analyses and the actual reports. STUK delivered a request for clarification on its
observations concerning Chapter 5 and assessed the corrections made on the basis
of the observations during the processing of the updated FSAR documentation.
Based on the review, the main coolant circuit meets the requirements of STUK
Regulation Y/1/2016 and YVL guides.
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6

Containment and safety systems
Chapter 6 of the Final Safety Analysis Report describes the safety systems required
for the plant’s design basis accidents, the containment and the related systems as
well as the severe accident management systems. With the Final Safety Analysis
Report were delivered the associated system descriptions, flow diagrams, lists of
valves, measurement points and components, electrical consumer lists, the licence
holder’s safety assessments and the designer’s safety assessments.

6.1

Containment

6.1.1

Functional design of the containment
The Olkiluoto 3 nuclear power plant unit’s steel-lined double containment acts as a
structural defence-in-depth level whose purpose is to limit the release of radioactive
materials during normal operation, anticipated operational occurrences and
accidents, protect the plant against external events and act as a biological radiation
shield during normal operation, anticipated operational occurrences and accidents.
The dimensioning criterion for the containment is the loads caused by a break of the
largest pipe in the primary circuit. The containment has also been dimensioned to
withstand the maximum radiation, pressure and thermal loads caused by a severe
reactor accident as well as missiles and local energetic phenomena.
Severe reactor accident loads threatening the integrity of the containment (highpressure failure of the reactor pressure vessel, high-energy hydrogen fires and
explosions, direct interaction between the containment and core melr) have
practically been eliminated.
The containment is equipped with measurement and monitoring systems that can be
used to monitor the state of the plant in various accident situations. The progress of
severe reactor accidents and integrity of the containment can be monitored from the
control room in accordance with the requirements.
A special characteristic of the EPR plant type compared to other pressurised water
reactors is the containment, which has been divided into two parts during normal
operation. The containment has been divided into an accessible part and
inaccessible part. In the event of a severe reactor accident, the parts are combined to
form one space passively using rupture and convection foils as well as mixing
dampers to ensure the mixing of the containment airspace.
During construction, STUK has approved deviations from the requirements of Guide
YVL 1.0 regarding the isolation of the containment and number of isolation valves.
Deviations have been approved for the JMQ, KLA, JMU and JN systems. Since
nearly similar requirements have also been presented in the new guides, STUK has
approved the corresponding deviations in the implementing decisions. The deviations
are covered in more detail in chapters 6.16 (JMQ), 9.4.2 (KLA), 6.1.3 (JMU) and 6.2.2
(JN).
In addition, in connection with the YVL guide implementing decisions, a deviation
from requirement 318 of Guide YVL B.6 was approved for the main feedwater piping
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system (LAB) and main steam piping system (LBA) isolation valves. The deviation is
covered in more detail in Chapter 10 of this report.
6.1.2

Containment penetrations and isolation
The containment has penetrations for pipes and cables, two airlocks and a material
hatch.
The material hatch has a diameter of 8.3 m and is closed during power operation. It is
used during annual outages to transport materials into the containment.
The airlocks have a diameter of 3.3 m. The personnel airlock opens into a safeguard
building and the emergency airlock into the fuel building. The airlocks have two
doors, ensuring the leak-tightness of the containment and maintaining the pressure
difference when the airlocks are used. Normally, both doors are closed during power
operation. However, if there are people in the containment, the door on the
containment side can be open. During annual outages, both doors can be open at the
same time.
The fuel transfer pipe connects the transfer pits in the containment and the fuel
building. During an outage, fresh and spent fuel is transferred between the reactor
and the fuel pools through the penetration. During power operation of the plant, the
penetration is closed on both the containment side and the fuel building side with
manually closed isolation valves. The isolation valves are open during the transfer of
fuel. After the Preliminary Safety Analysis Report, the blind flange on the containment
side of the penetration was replaced with a valve to meet the single-failure criterion of
the containment isolation function.
The containment can be isolated in all situations, also in the event of single failure.
The number of containment penetrations has been minimised. All penetrations are
tested regularly, and the leak-tightness of the entire containment is ensured by
performing containment leak tightness tests at regular intervals.
The tightness of the personnel airlock and emergency airlock is ensured in all
operating states by using an airlock with two doors and generally keeping one of the
doors closed. The material hatch, equipped with double seals to ensure leak
tightness, is tightly closed during operation. In outage states, both doors of the
airlocks and the material hatch may be open. If necessary, they can be closed quickly
enough.
The isolation valves of lines connected to the containment airspace or the primary
circuit are located inside and outside the containment. As deviations, it has been
approved that the containment ventilation system (KLA) and containment heat
removal system (JMQ) measurement lines only include one isolation valve and the
hydrogen monitoring system (JMU) measurement lines include no isolation valves.
The emergency cooling water lines only include one isolation valve. Lines not
connected to the containment airspace or the primary circuit generally have one
isolation valve outside the containment in accordance with the requirements. The
causes and acceptability of the deviations are covered in more detail in sections 6.17
(JMQ) and 9.4.2 (KLA).
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6.1.3

Management of combustible gases
The Olkiluoto 3 nuclear power plant unit is equipped with a leak-tight containment,
whose safety function is the retention of radioactive materials and gases formed
during severe reactor accidents. Combustible gases formed during a severe reactor
accident, such as hydrogen, must be treated in accordance with the requirements so
as not to endanger the integrity of the containment. To meet this requirement, a
hydrogen management strategy has been developed for the Olkiluoto 3 nuclear
power plant unit.
In the event of a severe reactor accident, the two-part containment is combined so
that hydrogen is mixed in the airspace of the whole containment. The sub-volumes
have been separated using convection and rupture foils opened passively by
pressure and temperature difference as well as hydrogen mixing dampers. The
mixing dampers are active, single-failure tolerant components that fail in the safe
direction in the event of a power loss, i.e. open.
The design of the convection and rupture foils has been updated after the preliminary
safety assessment such that they are opened by temperature as well as pressure
difference. This ensures that flow paths are also opened in accident situations in
which the pressure differences between the different parts of the containment do not
exceed the value required for the opening. The opening pressure of the mixing
dampers between the JNK (IRWST) tank and the annular space has been reduced to
ensure that they open earlier. The design of the flow paths to be opened has been
optimised to ensure that hydrogen is mixed as efficiently as possible.
Hydrogen is removed from the containment airspace by passive autocatalytic
recombiners. The recombiners have been placed such that uncontrollably high local
hydrogen concentrations are not formed. Their placement was determined by means
of analyses during the licensing process. Hydrogen management system has been
dimensioned according to the requirements; the recombiners are capable of
removing the amount of hydrogen that is formed when 100% of the easily oxidised
materials in the area of the reactor core react with water.
The hydrogen content of the containment is measured by the hydrogen monitoring
system (JMU). A sample of the air in the containment taken by the system is led via a
capillary sample pipe to the measuring units located in safeguard buildings 1 and 4
for analysis. The capillary sample pipes are not equipped with isolation valves even
though they penetrate the containment wall and are directly connected to the
containment gas space. This is a deviation from Guide YVL 1.0 (and Guide YVL B.6).
The justification for the lack of isolation valves is that they would interfere with the
sampling process. The source term of radioactive materials caused by a possible
break of the sampling line is deemed to be small. STUK approved the deviation from
Guide YVL 1.0 during construction, and similarly in the implementing decision of
Guide YVL B.6.
The plant’s severe reactor accident analyses cover hydrogen management and have
been used to confirm the design changes made after the preliminary safety
assessment. On the basis of the analyses, the capacity of the hydrogen management
system is sufficient, and any explosions or fires of combustible gases formed during
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an accident do not threaten the integrity of the containment or the operability of the
equipment for the management of severe reactor accidents located in the
containment. The design of the system meets the YVL guide requirements set for
hydrogen management.
6.1.4

Leakage exhaust and monitoring system (leak-off system)
The leakage exhaust and monitoring system contributes to limiting radioactive
releases from the containment. In addition, the system is used in containment leak
tightness tests for pressurization and depressurization of the containment as well as
leak monitoring. The containment isolation function meets the single-failure criterion.
After the Preliminary Safety Analysis Report, the valve of the line connected to the
annular space was interpreted as a containment isolation valve, which is normally
closed and is controlled manually. The system meets the requirements set for it.

6.1.5

Cooling the core melt in a severe reactor accident
The cooling and stabilisation of the core melt formed as a consequence of a severe
reactor accident takes place within the containment in the spreading area.
Core melt that punctures the bottom of the pressure vessel is delayed in the reactor
pit. From there, it discharges through the transfer channel in one go to the spreading
area, thereby activating passive cooling. The core melt is flooded passively with
water from the IRWST storage tank; the flooding valve opens when the wire keeping
it closed melts upon coming into contact with the core melt. Cooling of the core melt
takes place gradually, first with cooling circulation from below, then by flooding from
above as the molten material cools, and finally by using the containment heat
removal system (JMQ) to flood a deep layer of coolant on top of the spreading area.
The layer of coolant is also cooled with the JMQ system by transferring the heat
outside the containment.
The reactor pit, transfer channel and spreading area have been lined with a sacrificial
material in order to delay the core melt in the reactor pit, improve spreading
properties, prevent recriticality and prevent direct interaction between the core melt
and other containment structures. The delay of the core melt is based on the time it
takes to erode the sacrificial material. When the sacrificial material comes into
contact with the core melt, it erodes and mixes with the core melt, thereby reducing
its viscosity, which facilitates the spreading of the core melt. The design and material
requirements for the sacrificial material have been taken into account in its selection.
Since the preliminary safety assessment, the molten material management strategy
has been improved in various ways. The material selection and design of the melt
gate at the bottom of the reactor pit ensures that the molten material collects into the
reactor pit, discharges rapidly into the transfer channel and melts through the reactor
pit and the melt gate. At STUK’s requirement, the number of core catcher
temperature measurements has been increased.
STUK has had confirming studies and analyses done in order to ensure the safety
functions of the molten material management strategy. Confirming analyses have
also been used to analyse the effect of the core melt on the structures of the pit under
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the reactor pressure vessel. The studies that STUK has had done are described in
more detail in Chapter 15 of this report.
The design of the core melt stabilization system meets the requirements set for it.
6.1.6

Containment heat removal system
The Olkiluoto 3 nuclear power plant unit is equipped with a containment heat removal
system (JMQ) intended for severe reactor accident management. The system’s
safety functions include reducing containment pressure by condensing the steam
formed inside the containment, decay heat removal from the containment
atmosphere and from the core melt spreading area as well as containment isolation.
Spraying through the nozzles situated in the containment dome also scrubs
radioactive material from the containment atmosphere. The design basis of the
containment is that the system will not be needed during the first 12 hours from the
beginning of a severe reactor accident. The system is started with manual control
from the control room.
The system meets the single-failure criterion: it consists of two redundant
subsystems, one of which has sufficient capacity to transfer residual heat power from
the containment during a severe reactor accident. The system circulates water from
the JNK storage tank, which can also be used to clean the JNK storage tank’s intake
strainers in an accident situation. The JMQ system transfers heat from the
containment through subsystem KAA50/80 of the safety related component cooling
water system (KAA) designed for severe reactor accidents and subsystem PE50/80
of the essential service water system (PE) designed for severe reactor accidents into
the ultimate heat sink.
Since the granting of the construction licence, changes improving safety and function
have been made to the system, and the solutions have been studied experimentally.
Improvements have been made to the intake strainers of the JNK storage tank’s pipe
connections and their flushing. An unintended leak of the passive flooding valve
during the plant’s normal operation has been prepared for. A by-pass line has been
added to the system to guarantee even flow to the core melt spreading area when the
containment spraying function is used.
Changes have also been made to the system in order to fulfil YVL guides. The core
melt flooding function is also guaranteed in situations where an unintended
automation signal isolates the flooding line. A possibility of reopening the flooding line
isolation valve has been added to the safety information and control system (SICS).
The safety classification of the system components and the qualification classes of
electrical and I&C equipment have been corrected to meet the requirements.
STUK has accepted for the system a deviation from the requirement presented in
Chapter 3.3 of Guide YVL 1.0, according to which each penetration of the
containment must be equipped with two isolation valves which operate independently
of each other. The JMQ system’s pressure measurement lines that penetrate the
containment are only equipped with one isolation valve outside the containment. This
deviation is intended to ensure the functioning of the pressure measurement system,
which is needed during a severe reactor accident in a containment isolation situation.
The breaking of the measurement line inside the containment does not cause a
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release into the atmosphere. The measurement line is equipped with a flow limiter
that limits the release in case the pipe section of the measurement line between the
containment and the isolation valve breaks. A leak in the measurement line has been
taken into account in the containment leak tightness requirements. A similar deviation
from Guide YVL B.6 was approved at the time of the enforcement of the Guide.
The system meets the regulatory requirements set for it. The JMQ system used for
severe reactor accident management is independent from systems designed for other
operational situations and postulated accidents of the plant and can fulfil its safety
function even in case of single failure.
6.1.7

Containment filtered venting
The Olkiluoto 3 nuclear power plant unit has a containment filtered venting system,
which is designed to reduce the overpressure prevalent in the containment after a
severe reactor accident in the long term. During a severe reactor accident,
uncondensed gases form in the containment, raising the containment pressure. It
must be possible to remove the uncondensed gases from the containment so that the
containment pressure can be brought down close to atmospheric pressure. According
to the YVL guides, the gases must be removed in a filtered manner.
After the granting of the construction licence, changes have been made to the
system. The possibility of controlling the opening of containment isolation valves,
meaning the valve that starts the system’s functions, from the control room has been
removed. The control can be done from a radiation-shielded room through manual
control. The location of isolation valves has been changed to be as close to the
containment as possible.
The capacity of the filtered venting system has been increased. Thanks to the added
capacity, the system can also be operated for containment heat removal in situations
during outages where the ultimate heat sink has been lost and water for the
containment is being boiled from the reactor internals storage pools. The purpose of
this is to ensure residual heat removal from the fuel located in the reactor, thus
ensuring fuel integrity.
The filtered venting system consists of a pipeline leading from the containment, which
is closed with valves and leads to a filtration unit situated outside the containment.
The filtration unit has two-stage filtration, which removes iodine and aerosols from the
gas flow.
The value for filtration capacity used in system analyses has been changed from the
preliminary assessments based on research results received.
The system fulfils the requirements set for the containment’s long-term pressure
suppression.

Radiation and Nuclear Safety Authority

Review report

56(146)
43/G42242/2016

February 15, 2019

6.2

Emergency cooling system and borated water storage tank

6.2.1

Emergency cooling system and normal residual heat removal system
The residual heat removal sequence of the low head safety injection system (JNG)
and of the normal residual heat removal system (JNA) is used for the plant’s residual
heat removal during outages and for residual heat removal after accidents in order to
bring the plant into a safe state. JNG and JNA use partly the same pipelines and,
depending on the situation, the lines are used for either residual heat removal or
emergency cooling.
When the system is used for residual heat removal during cooling and outages,
primary coolant is cycled through the JNG heat exchanger and returned into the
circuit. The normal residual heat removal system has been dimensioned such that
two redundancies are sufficient for cooling at the stage where residual heat removal
through the steam generators is stopped.
The pumps of the medium head safety injection system (JND) and low head safety
injection system (JNG) and the JNG system’s accumulators can replace the coolant
that runs out of the primary circuit during loss-of-coolant accidents. The emergency
cooling systems supply borated water to the primary circuit’s cold legs, and residual
heat is removed through the JNG system’s heat exchangers in cooperation with the
safety related component cooling water system (KAA) and the essential service
water system (PE). With operator action, the supply can also be done into the hot leg,
if necessary. The design basis is a guillotine break of the main coolant line, and the
system also meets the N+2 failure criterion in accidents where the output of one
subsystem is lost in a leak. The capacity of one heat exchanger is enough in an
accident situation.
The subsystems are physically separate and located in safeguard buildings, with the
exception of piping and JNG accumulators located in the containment. The diversity
of JND and JNG pumps brings diversity in regard to emergency cooling.
During the processing of the construction licence application, STUK required that the
licensee justify with deterministic analyses that the plant can be run into a cold
shutdown even if the check valves in the lines of the emergency cooling system
supplying the primary circuit are stuck shut. The thermal hydraulic analyses provided
by TVO demonstrate that in the situation in question, the reactor’s residual heat
removal and cooling can be achieved. The analysis was also used to demonstrate
that the primary circuit can be cooled to a cold state, in which case it is possible to
open the reactor pressure vessel head and remove the fuel. A common cause failure
of the isolation valves in the normal residual heat removal system’s primary circuit
suction line has also been analysed.
At STUK’s requirement, the functioning of the system’s JNG pumps has been
guaranteed in case of a loss of seawater cooling with double cooling (heat sinks are
seawater as well as outdoor air) in divisions 1 and 4.
During its review, STUK also paid attention to, for example, the adequacy of the
suction head of the emergency cooling pumps. TVO provided further clarifications
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that analysed suction head as a function of time for the containment’s pressure and
temperature behaviour in case of various accidents, taking into account, for example,
the surface level of the JNK tank and the pressure drop in JNG filter structures.
Based on the further clarifications, STUK stated that the available suction head is
sufficient. STUK also required thorough tests of the functioning of the emergency
cooling pumps using a medium containing solids. Based on the tests, STUK stated
that it accepted that it had been demonstrated that the emergency cooling pumps can
function in the long term even if the medium contains significant amounts of
contaminants.
Summary
The design of the residual heat removal and emergency cooling system of the
Olkiluoto 3 nuclear power plant unit represents a typical solution used in the Western
countries. During construction, several changes have been made to the system, and
it has been demonstrated with analyses that it meets the functional requirements set
for it. The system meets the requirements for safety system design presented in
STUK Regulation Y/1/2016 and YVL guides.
6.2.2

Borated water storage system (IRWST storage tank) (JNK)
Borated water storage system JNK (In-Containment Refueling Water Storage Tank,
IRWST) is a safety system that comprises a steel-lined concrete tank situated in the
bottom section of the containment as well as the piping connected to the tank and
related equipment. The tank is a structural part of the containment. The tank can be
divided into two sections with a dividing wall to facilitate maintenance or inspection
during an outage.
The most important pipes of the system are the suction lines that run from the tank
outside the containment to the reactor’s medium and low head safety injection
systems and to the residual heat removal system. The pipes are outside the
containment until the isolation valve inside a protective tube, thus preventing the JNK
from being drained in case of any pipe break outside the containment. The plant has
appropriate leak monitoring for detecting any pipe breaks. YVL 1.0 requires two
isolation valves for pipes that penetrate the containment, and this is not true for the
suction lines leaving the tank. STUK has approved the solution as sufficient for safety
because having two isolation valves would increase the risk that the suction of
emergency cooling water is not available. In conjunction with the enforcement of
Guide YVL B.6, a corresponding deviation in containment isolation single-failure
tolerance was accepted in regard to JNK suction lines.
During primary leaks, some heat insulation of pipes and other components breaks
down (Chapter 5 deals with primary circuit heat insulation). The broken-down
insulation material and potentially other contaminants from the containment are
carried into the JNK tank, which has been equipped with filtration structures in order
to remove contaminants from the emergency cooling water that is sucked from the
tank. At the Olkiluoto 3 nuclear power plant unit, the filtration structures have been
designed such that, if necessary, they can be cleaned by spraying water with nozzles
into the clean side of the filtering mesh. The dimensioning of the filtration structures
and back-flushing system against clogging has been confirmed in tests where STUK
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was present to supervise. The insulation materials used in the containment have also
been submitted to comprehensive testing to determine their chemical behaviour. The
selected insulation material is primarily rock wool, which does not react chemically
like the glass wool used in many countries. According to STUK’s assessment, the
insulation material solutions used in the containment of the Olkiluoto 3 nuclear power
plant unit and the dimensioning of the filtration structures and their back-flushing
system guarantee that reactor cooling can be carried out in the long term.
Summary
The borated water storage system and the connected emergency cooling system
suction lines and filtration structures meet the requirements for safety system design
set in STUK Regulation Y/1/2016 and YVL guides.
6.3

Emergency feedwater system
The main function of the emergency feedwater system (LAR) is to ensure heat
removal from the primary circuit through the steam generators in situations where the
main feedwater piping system (LAB) and startup and shutdown piping system (LAH)
have been lost. The system has been designed to carry out only safety functions
during operational occurrences and accidents. The system is not needed for severe
reactor accident management. It is possible to use the system to fill the steam
generators during start-up after an annual outage or another type of outage of the
Olkiluoto 3 nuclear power plant unit.
Safety functions of the system include:
•
•
•
•

residual heat removal during operational occurrences and accidents,
partially cooling the primary circuit,
cooling the primary circuit to low pressure levels, and
retaining radioactive material.

The system has been dimensioned such that the volume of water in the emergency
feedwater tanks is, under all circumstances, sufficient for cooling the primary circuit to
a temperature and pressure low enough that the primary circuit residual heat removal
system (JNA) can be activated. If necessary, the system’s water tanks can be filled
from the demineralised water distribution system (GHC) or fire water system (SG).
The system’s pumps have been dimensioned such that the system can supply a
sufficient volume of water to the steam generators even if steam removal from the
steam generators takes place at heavy pressure through safety valves.
Use of the system may require local actions to open and close valves. During the
detailed design and construction, the plant supplier has ensured that it is possible to
carry out local actions.
No major changes have been made in the system since the granting of the
construction licence.
Summary
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The system meets the requirements presented in STUK Regulation Y/1/2016 and
YVL guides.
6.4

Extra borating system
The extra borating system (JDH) includes two separate pump lines that branch
further out inside the containment and connect with all cold legs of the primary circuit
through JN system connections. The system also includes a third pump, which
guarantees single-failure tolerance during pump maintenance and repairs and which
is also used as a booster pump for the primary circuit pressure test. There are two
boron tanks, and they can be connected to any of the three pumps so that their entire
contents can be utilised in various failure situations.
The system’s safety functions are reactivity control and retaining radioactive material,
meaning contribution to containment isolation, if necessary. The piston pumps of the
JDH system are capable of pumping borated water at all pressure levels, and the
system’s tanks contain enough concentrated borated water to bring the core
subcritical without control rods also when cold. This way, the system can serve as a
reactor shutdown system replacing control rods in ATWS situations.
The system is also used during other accident situations for core boration from a
controlled state to a safe state if the volume control system is not available.
Furthermore, the system is used during some boron dilution situations and steam
pipe breaks. The system’s functioning and failure criteria are dealt with in more detail
in the sections on the analysis of these situations.
During the construction licence phase, the requirement If only one of the two
reactivity control systems is capable of alone maintaining the reactor shut down at all
temperatures, it shall also be capable of accomplishing its safety function even in the
event of a single failure although any component affecting the safety function would
simultaneously be inoperable due to repair or maintenance of Guide YVL 2.7 was
interpreted to mean that the borating functions are performed by the borating
systems, KBA included, as one entity, and thus JDH must in these respects meet the
N+1 criterion.
After the construction licence phase, during system assessment, it was recognised
that valves have potential failure situations, due to which both feeding lines may not
be in use. For this reason, a requirement was presented that the reactor, when hot,
must remain subcritical with just control rods even when xenon decays. This also
affects use of the system during accidents, which is discussed in Chapter 15.

6.5

Review result
FSAR Chapter 6 presents a sufficient description of the safety systems required for
the plant’s design basis accidents, the containment and the associated systems as
well as the severe accident management systems. The systems meet the
requirements for safety system design presented in STUK Regulation Y/1/2016 and,
with the exceptions presented above, YVL guides.
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It has been demonstrated with the operational occurrence and accident analyses in
Chapter 15 of the final safety analysis report that the systems carrying out safety
function meet the functional requirements set for them.
During its review, STUK noted a few incorrect or conflicting pieces of information in
FSAR Chapter 6 and the associated system descriptions. STUK will monitor the
correction of the deficiencies in future FSAR revisions.
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7

I&C

7.1

Introduction
Chapter 7 of the final safety analysis report gives a brief overview of the plant’s I&C
architecture and I&C systems. The chapter is appended with the system descriptions
of all safety-classified I&C systems as well as the designer’s and licensee’s safety
assessment. The appendices also include functional requirements for I&C, which
define the requirements that the process systems impose on I&C. These
requirements include I&C controls and measurements needed for the plant’s
operations as well as requirements related to their accuracy of measurement and
response time. Furthermore, the appendices include technical requirement
specifications, with requirements for failure tolerance, power supply, compliance with
standards and maintenance, for example. Furthermore, the chapter’s appendices
include information security plans related to I&C and an analysis of their realisation.
Failure analyses have been prepared for all main I&C systems. The appendices to
Chapter 7 also include an analysis of the entire I&C architecture, which presumes
that parts of the I&C architecture fail actively, i.e. malfunction due to, for example,
equipment failure or a software bug. The analysis deals with the consequences of
active failures and how the plant copes with them.
The requirement level of Guide YVL E.7 has hardly changed at all from the earlier
Guide YVL 5.5.

7.2

I&C architecture and systems
The I&C architecture report describes the plant’s I&C systems and the administrative
systems that are needed for the plant’s operation or maintenance (and management
of accident situations) as well as the interfaces between them. The report also
describes concepts that affect several systems at once, such as the principle of
carrying out periodic tests and the commissioning of the remote shutdown station.
The I&C system separation concept lays out how electrical faults are prevented from
spreading from one system to another.
The main I&C systems are divided according to the defence-in-depth principle into
operational I&C needed during normal operational situations (process automation
system PAS, safety automation system SAS, reactor control, surveillance and
limitation system RCSL and turbine I&C system TGI) and to the protection system
(PS) needed during operational occurrences and accidents. In addition to these, for
the loss of the programmable I&C system, there is a hardwired backup (HBS) for the
protection system implemented using different technology. Its tripping functions enter
into force later than those of the rest of the programmable I&C systems. There is a
separate I&C system for severe reactor accident management (SA I&C). The main
I&C systems are connected to the control room through the PICS interface or, when it
is inoperable, the safety-classified SICS interface. Some controls can only be carried
out using the SICS interface.
The plant has several separate safety-classified monitoring systems, such as the
hydrogen monitoring system for severe reactor accidents, sampling system as well as
moisture and leakage monitoring systems during normal operation. Furthermore, the
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lowest safety class holds systems that do not control the plant but rather indirectly
monitor its safety. These include the radioactivity monitoring system, vibration
monitoring systems and the foreign material monitoring system for the primary circuit.
The plant has lifting and transport equipment for the handling of fresh and used fuel,
controlled with safety-classified I&C systems.
The descriptions of I&C systems describe the system’s structure, the technology
used and the system’s functions during normal operation as well as during various
operational occurrences and accidents.
The operating licence documentation does not deal with individual I&C equipment.
The general qualification specification for equipment appended to the FSAR can be
used for the qualification testing of spare parts and replacement parts throughout the
plant’s life span.
The information security plans of the I&C systems and certain electrical systems
describe the technical and administrative methods through which the functioning of
the systems is safeguarded against illegal actions.
7.3

Processing of changes, history and various deviations
In the PSAR phase, the plant’s I&C design was at a very general level. STUK gave
numerous comments and requirements for making the I&C design more specific.

7.3.1

I&C architecture
The plant supplier has recognised the main I&C systems, but the interaction between
systems had not been described. In the PSAR inspection memorandum, STUK
commented that primarily two-way network connections had been planned between
I&C systems. At STUK’s requirement during construction, the plant supplier
documented the connections between systems, documented data transfer separation
for existing technologies, separated the systems needed for severe reactor accident
management from other I&C systems and changed connections connected to
protection systems to be physically unidirectional.
During the PSAR phase, the technical implementation of the separation requirements
between systems, safety classes or lines of defence was not presented. Separation
helps ensure that electrical faults, such as overvoltage, do not spread between
devices in different divisions or from one system to another. The plant supplier kept
adjusting the electrical separation concept related to I&C up until 2015. At the same
time, a need to develop new over-voltage barrier modules was also discovered.
The separation of the control systems needed for severe reactor accident
management from other I&C systems has been one of the key requirements
throughout the project. The separation applies to the main I&C systems participating
in the management, measuring systems as well as operator interfaces. The
implementation of separation has necessitated several changes to connections
between systems.
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7.3.2

Defence-in-depth
One of the key aspects for the safety of I&C architecture is the division of systems
into lines of defence. The division must function in terms of I&C engineering, taking
into account the possibility of common-cause failure of I&C equipment, and it must be
uniform with the plant’s process and electrical systems. In the division of lines of
defence presented in the PSAR phase, safety automation system SAS was used in
all lines of defence. It was presumed that PICS, the interface for normal operation,
would be used whenever it was operable, with the hardwired safety interface SICS as
back-up.
As planning became more specific, STUK commented in 2005 that the plant
supplier’s documents regarding the lines of defence were conflicting and that the
principles presented in the preliminary safety analysis report had been undermined.
The division of lines of defence, which had changed several times, was discussed in
document reviews and meetings until 2013, at which time the plant supplier decided
on the final structure. In this structure, all Teleperm XP based systems were in the
first or preventive line of defence, and the protection system’s hardwired back-up
system (HBS) was in its own line. It was also distinguished which lines of defence
each interface controlled.

7.3.3

I&C required for severe reactor accident management
During the PSAR phase, it was not possible to guarantee the separateness of the
I&C required for severe reactor accident management (SA I&C) from other I&C
systems. When the plant supplier sent the first version of the I&C architecture
documentation in 2008, STUK stated that the SA I&C was not functionally separated
from other I&C systems. The plant supplier made changes to signal routing and
controls on several occasions, and STUK approved the implementation in 2015.

7.3.4

Integrated control room
There are two user interfaces for controlling the plant from the control room:
computer-based PICS and conventional (press buttons, gauges) SICS. SICS also
has a few computer-controlled displays, but they cannot be used to control the plant.
It is possible to control actuators located in different lines of defence with the PICS
system. The arrangement has been justified with the assumption that it makes the
work of operators easier. A downside is that malfunctioning of the interface, for
example due to a software defect, may impede the plant’s operations. However, the
control of an actuator is decided by priority units (PAC) of the PACS system, which
prioritise protection system controls over controls from the PICS system, for example.
During the analysis of active failures, it was noted that for some actuators, an
incorrect control by PICS will create a situation where the protection system is unable
to stop the progression of an accident quickly enough to achieve the criteria set for
limiting the consequences of an accident. STUK demanded that these controls be
removed and the actuators be controlled with just the SICS interface. This way,
incorrect functioning of PICS will no longer compromise the plant’s safety functions.
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7.3.5

Design processes
In the PSAR inspection report, STUK noted that the parts of the quality system
connected to I&C delivery projects were under way and that only preliminary versions
of the quality plans had been delivered. Design processes and the associated quality
plans determine how I&C systems are designed and tested and how the design is
controlled. Quality plans were discussed on several occasions during construction,
and in addition to the licensee, STUK also conducted several inspections of the plant
supplier’s organisation. The plant supplier made several changes to the design
processes used in I&C design, both of its own initiative and at STUK’s demand.
During the project, the plant supplier adopted systematic procedures for verification of
design and, in order to ensure independence, separated the verification organisation
from the design organisation in the highest safety class. In a decision in 2013, STUK
stated that the functional processes presented are sufficient for the design of safetyclassified I&C systems and the I&C architecture. Because the functional processes
had changed during the project, STUK required that the design and verification of the
main I&C systems be redone and documented according to the updated procedures.
The licensee was also obligated to participate in design project reviews, and STUK
also participated in select reviews of the protection system. The latest design cycle
met STUK requirements as well as the requirements of IEC standards in regard to
comprehensive documentation, verification methods and independence of
verification.
The PSAR inspection report stated that I&C qualification plans had not been
presented. System-level qualification has been planned in conjunction with the
development of functional processes and analytical methods. STUK approved the
system-specific qualification plans mainly during 2014.

7.3.6

Other points left open in the preliminary safety analysis report
In the PSAR inspection report, STUK stated that the definition of the ambient
condition requirements for accident monitoring instrumentation was not yet sufficient
for qualification. The EMC requirements and seismic resistance requirements
mentioned in the inspection report are also part of the requirements for equipment
qualification. During the project, the plant supplier specified the ambient condition
requirements and had the type testing and type testing required by YVL guides done
for I&C equipment by third parties.
During the project, STUK expressed its concern about the slowly progressing
equipment qualification several times. The plant supplier started the tests fairly late,
and at the time of the granting of the operating licence, the qualification tests for all
equipment had been completed, but the test documentation and type approval
process had still not been completed for some I&C equipment. STUK has been
notified that the equipment mostly passed the tests acceptably. For those safety
functions whose measurement instruments did not pass the qualification tests, the
plant supplier changed the equipment or measurement method or did other similar
changes. Equipment qualification is not tied to the granting of the operating licence;
instead, the deadline required by YVL guides for delivery and processing of the
qualification result documentation is fuel loading.
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The suitability of the Teleperm XP I&C system for use in Safety Class 3 systems was
left unclear during the PSAR phase. In the inspection report, STUK guessed that
demonstration of suitability will probably require development measures. The plant
supplier carried out considerable additional work to ensure qualification. The
additional work mainly focused on documentation improvement and testing. Changes
were also made to the system, which was implemented on a system platform, to
improve operational reliability, for example in regard to information networks. Some of
the changes correspond to what the French Nuclear Safety Authority ASN had
required in the Flamanville 3 project. STUK approved the Teleperm XP platform for
use in 2012.
During the PSAR phase, the plant supplier recognised some functions required from
I&C systems. The first comprehensive set of requirements was delivered in 2006 and,
over the course of the plant design, functions as well as their response-time and
accuracy requirements have been specified several times.
During the PSAR phase, diversification of different types of modules of priority and
actuator control system PACS had not been decided yet. The division of modules
within and between process systems has been a part of process system design.
7.3.7

Active failures
In October 2002, STUK sent all licensees and licence applicants a memorandum
specifying the failure analyses for I&C systems required by Guide YVL 2.7. When I&C
architecture design progressed, failure behaviour came up again in the review of the
design of the disconnection and reconnection automation of diesel load shedding. At
that point, STUK discovered that, under unfavourable circumstances, a function of a
lower safety class may overload the diesel generators. STUK demanded that the
plant supplier determine whether the plant design has other places where I&C failure
could impede the plant’s safety functions or exceed the plant’s acceptance criteria.
The plant supplier and licensee analysed the behaviour of the plant’s process
systems in case of I&C failure. The analyses led to a few design changes, for
example limiting controls by operational I&C. In late 2015, STUK stated that the plant
also meets the acceptance criteria under failure conditions. With the completion of
the analyses, STUK approved the plant’s I&C architecture design documentation.

7.3.8

Deviations from YVL guides
Safety Class 3 leakage monitoring system (JYH) uses a system platform for moisture
calculation that cannot be qualified for Safety Class 3. However, anti-whip restraints,
which limit potential pipe breaks, have been installed on the pipes that are being
monitored. There are also diverse SC3-qualified measurements available, which can
detect leaks but not pinpoint their exact location. STUK has approved an YVL
deviation for the use of a non-qualified system platform based on plant-level safety
significance. The deviation is not valid for replacement of the system.
Some Safety Class 3 self-standing systems use the Simatic S7 system platform as
well as a separate safety automation system in parallel. The safety automation
system has been qualified for Safety Class 3, whereas the S7 system platform has
not been qualified for safety-classified functions. The calculation logic of some
systems has been done using the S7 platform because the safety automation does
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not offer the necessary output cards or facilitate complex calculations. Watchdogs for
operability monitoring implemented through the safety automation have been added
to the self-standing systems. However, even in these cases, the acceptability of a
non-qualified system platform is based on the plant-level safety significance of
individual I&C systems.
7.4

Demonstration of compliance
In regard to I&C, compliance is demonstrated in several different ways. The most
important ways include testing I&C systems in a test bay, at the plant site and in a
simulator as well as various analyses. The YVL guides require, for example, systemspecific failure and effect analyses and reliability analyses. In addition, the safety
functions were subjected to the N+2 analysis, which examined the entire function
sequence, including control I&C. The analysis demonstrated that functions can be
carried out even considering a concurrent failure and unavailability due to
maintenance.
The starting point of I&C systems is requirement specification. The requirement
specifications for systems of the highest safety class were reviewed. In regard to
functional requirements, meaning requirements imposed by the plant’s processes,
the review was carried out by TVO, which is an independent party from the plant
design. TVO is not independent from the project, but familiarity with the plant was
considered a more important criterion than absolute independence. The technical
requirement specifications for the I&C systems were reviewed by an independent
third party. STUK stated that, in this regard, the requirements of the YVL guides were
fulfilled.
STUK supervised selected tests in the test bay and at the plant site. Several
meetings were held regarding I&C analysis methods, and STUK required corrections
to both the analysis methods and analyses on several occasions. The plant supplier
demonstrated through system-specific failure and effect analyses that the systems
fulfil the failure criteria in situations where individual pieces of I&C equipment fail. The
licensee and plant supplier carried out several analyses of the I&C architecture, for
example focusing on common cause failures caused by I&C. Through the analysis of
active failures, the plant supplier ensured that the plant also fulfils the acceptance
criteria in situations where there are several failures in the I&C systems and their
software-based parts, in particular. STUK stated that, in this regard, the requirements
of the YVL guides were fulfilled.
In addition to analyses focusing on technology, the compliance with standards of
design processes was also analysed. For systems in the highest safety class, the
analysis was carried out by an independent third party. In this regard, too, STUK
stated that the requirements were fulfilled.
Independent from the plant supplier, STUK had a third party examine functions of the
protection system and priority system using model checking, which is a formal
(mathematical) method for finding systems’ unacceptable conditions. When the
version of the systems to be installed at the plant was analysed, no errors that would
affect plant safety were found.
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The licensee has assessed the fulfilment of the requirements of YVL guides systemspecifically in its safety assessment and as a whole in separate analyses. According
to the licensee, the requirements are fulfilled.
As a result, STUK stated that the plant’s I&C architecture and the associated I&C
systems fulfil the requirements set. However, the deviations listed above in the
previous chapter have been granted based on plant-level safety. The deviations are
not valid for replacement of the plant’s systems.
7.5

Review result
FSAR Chapter 7 and its appendices provide a sufficient description of the plant’s I&C
architecture and systems.
The requirements presented in STUK Regulation Y/1/2016 and YVL guides are
fulfilled. However, the deviations listed above in the previous chapter have been
granted based on plant-level safety.
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8

Electrical systems

8.1

Introduction
Chapter 8, Electrical systems, of the final safety analysis report describes the
connections of the Olkiluoto 3 nuclear power plant unit to off-site electrical systems
as well as the plant unit’s on-site electrical systems, the general design basis of the
electrical systems and the layout of the electrical systems at the plant unit.
The electrical systems of the Olkiluoto 3 nuclear power plant unit are divided into offsite and on-site electrical systems. The Olkiluoto 3 nuclear power plant unit is
connected to off-site electrical systems with 400 kV and 110 kV transmission
connections. The internal electrical systems are divided into normal electrical
systems (non-redundant power supply) and redundant electrical systems. The
internal AC supply voltages at the Olkiluoto 3 nuclear power plant unit are 10 kV, 690
V and 400 V (single-phase 230 V). The supply voltage of DC power is 220 V.

8.2

Off-site electrical systems
The off-site electrical connections of the Olkiluoto 3 nuclear power plant unit consist
of two 400 kV connections and one 110 kV connection.

8.3

On-site electrical systems
The on-site electrical systems of the Olkiluoto 3 nuclear power plant unit are divided
into electrical systems of the turbine island (TI) and the nuclear island (NI). The plant
unit has separate normal and emergency power supply systems. The turbine island
only has a normal power supply system, whereas the nuclear island has a normal
power supply system as well as an emergency power supply system. The normal
power supply systems are not significant for safety. Emergency power supply
systems mainly belong to Safety Class 2.
The turbine island’s electrical systems supply the turbine island’s normal electrical
systems. Under normal circumstances, the turbine island’s electrical systems also
supply the nuclear island’s normal and emergency power systems.
The Olkiluoto 3 nuclear power plant unit has its own 400 kV switchyard, which is
supplied from the off-site 400 kV network and/or the plant unit’s turbine generator.
The plant unit supplies power to the grid with the turbine generator through the 400
kV switchyard. The turbine generator has a nominal voltage of 27 kV, and it is
connected to the 400kV switchyard with its own transformer. Due to large short-circuit
currents, the generator breaker has been situated at the 400 kV voltage level.
The 400 kV switchyard supplies two auxiliary power transformers (400 kV/10 kV),
each of which has two secondary windings. Under normal circumstances, these
auxiliary power transformers supply the turbine island’s four trains (and further the
nuclear island’s divisions). The plant unit also has an auxiliary standby power
transformer (110 kV/10 kV), which can supply the turbine island’s electrical systems
after the 400 kV grid is lost. There is a special automatic power source transfer
system for 400 kV/110 kV change-over. In some situations, change-over can also be
done manually.
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The main supply voltage of the turbine island and nuclear island is 10 kV, which in
normal situations is supplied using either the auxiliary power transformers or the
auxiliary standby transformer. The turbine and nuclear island both use the voltages of
690 V and 400 V for low-voltage auxiliary power supply. These voltages are created
using on-site 10 kV/690 V or 10 kV/400 V transformers at the reactor and turbine
islands. The nuclear island has dedicated LV transformers for normal and emergency
electrical systems.
If the plant’s 400 kV and 110 kV grid supplies are lost and the plant cannot shift to
house load operation, the turbine island is separated from the nuclear islandand the
nuclear island’s emergency electrical systems are supplied using four emergency
diesel generators (EDG). Each emergency diesel generator supplies its own division.
The supply voltage of the emergency diesel generators is 10 kV. In case of a
common cause failure of the emergency diesel generators, the plant unit has two
black-out (SBO) diesel generators with a supply voltage of 690 V.
In order to decrease common cause failure of programmable protection relays, it was
required after the PSAR phase to diversify the relays.
The turbine island and the nuclear island each have a UPS backed-up distribution
grid. The voltage of the UPS backed-up system is 400 V. The nuclear island has a 2h
backed-up UPS system and a 12h backed-up UPS system for severe reactor
accident management (SAM). The supply voltage of DC power is 220 VDC. The DC
system is supplied from a UPS intermediate circuit, which at the nuclear island is
backed up with 2h or 12h (SAM) batteries.
There are converters for the power supply of I&C systems, and their supply comes
from the UPS backed-up system. After the preliminary safety analysis report, 220
DC/24 VDC converters have been added to the 230 VAC/24 VDC converters. The
supply of the 230 VAC/24 VDC converters normally comes from the adjacent
subsystem (1, 2 and 3, 4). The addition was done due to the Forsmark 1 incident.
Effort has been made to avoid cross-connections between subsystems, and any
cross-connections are mostly only there for maintenance situations. Crossconnection is only possibly from the adjacent subsystem (1, 2 and 3, 4).
8.4

Special design basis
The cabling of the Olkiluoto 3 nuclear power plant unit follows a principle where
cables have been divided into five (six at the turbine plant) categories based on
voltage level. Furthermore, at the nuclear island, safety-classified (SC2 and SC3)
cables have been separated from cables that are not classified under a safety class
(SC4 and EYT). The cabling principles are specified in a separate cabling concept
document.
Earthing follows a principle where a rigid, circular earthing network has been built for
the plant, so that in fault situations, potential differences on the ground level remain
small. The earthing principles are specified in a separate earthing and lightning
protection concept document.
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8.5

Layout of electrical systems at the Olkiluoto 3 nuclear power plant unit
Electrical systems have been installed in dedicated electrical rooms at the nuclear
and turbine islands. The electrical systems of the plant unit have been divided into
four divisions.
At the turbine island, trains 1 and 3 have been physically separated from trains 2 and
4. The electrical systems of the turbine island supply the electrical systems of the
nuclear island; the turbine island’s subsystems connect to the corresponding division
at the nuclear island. The electrical connections of the turbine island and nuclear
island run in division-specific separate cable tunnels.
The nuclear island’s electrical systems are located in safeguard buildings 31–34UJK.
In these buildings, divisions have been physically separated from each other.
The diesel buildings (2 pcs) have been placed on different sides of the nuclear island.
Each diesel building has two divisions (1&2 and 3&4). Each diesel building has two
emergency diesel generators (EDG) and one station black-out (SBO) diesel
generator. The normal separation principle between divisions applies to the building.

8.6

Review result
The electrical systems of the Olkiluoto 3 nuclear power plant unit represent typical
design used at nuclear power plants in Finland. However, an earlier, more extensive
separation principle has been followed at the Olkiluoto 3 nuclear power plant unit
between divisions and partly also inside one division (e.g. cabling).
The diversity principle has also been used in the electrical systems; for example, the
plant is equipped with two SBO diesel generators in addition to the emergency diesel
generators, and protection relays have also been diversified.
Based on the review, the electrical systems fulfil the requirements given in STUK
Regulation Y/1/2016 and YVL guides. The requirement level of the new Guide YVL
E.7 has hardly changed from Guide YVL 5.2, which was valid during construction.
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9

Other systems
With Chapter 9 of the final safety analysis report were delivered the associated
system descriptions, flow diagrams, lists of valves, measurement points and
components, electrical consumer lists, the licensee’s safety assessments and the
designer’s safety assessments.

9.1

Storage and handling of nuclear fuel
FSAR Chapter 9.1 deals with auxiliary systems used for the storage and fuel handling
situated in the reactor building and fuel building.
At the Olkiluoto 3 nuclear power plant unit, fuel is stored in a separate fuel building.
Unlike the Olkiluoto 1 and 2 plant units, the reactor building does not have a fuel
storage or loading pool. Reactor loading and unloading is done by transferring fuel
between the reactor and fuel buildings one assembly at a time. With the exception of
reactor loading and unloading, all fuel handling takes place in the fuel building.
The most important safety functions in fuel storage and handling are subcriticality
management and residual heat removal from spent fuel as well as radiation
protection. Safeguarding the mechanical integrity of the fuel must also be ensured in
fuel handling. These functions are carried out by a set of auxiliary systems, which
mainly consist of fuel handling equipment, pools and systems that maintain
conditions in the pools. The auxiliary systems discussed in this chapter include fuel
analysis and inspection systems as well as primary circuit cleaning systems.
Subcriticality management is handled through dry storage of fresh fuel and the use of
efficient neutron-absorbing fuel racks in pool storage. Using these procedures, the
formation of a critical fuel entity has been prevented through physical structures. In
addition, the boric acid concentration of the pool water has been specified as 1,550…
2,200 ppm, which alone would be enough to ensure that the fuel remains subcritical.
Fuel residual heat removal is done by the fuel pool cooling system (FAK), which
transfers the heat to the component cooling water system (KAA/KAB). From the
component cooling water system, the heat is transferred to the ultimate heat sink
using the essential service water system (PE). The fuel pools are equipped with
waterproof stainless steels lining and a leakage monitoring system. In case of a total
loss-of-power situation, the pools are cooled by evaporating their water using residual
heat power and, if necessary, pumping in new water to replace the evaporated water
using portable pumps. The portable pumps can be connected to the plant’s fixed
systems with hoses, or hoses can be used to supply water directly into the pools if
the fixed piping is not usable. Make-up water is obtained from the fire water
distribution system (SGB), the freshwater system tanks or from the Korvensuo basin.
Review result
Based on the review, the fuel storage and handling systems and their descriptions in
the final safety assessment meet the requirements set for them in STUK Regulation
Y/1/2016 and YVL guides. During the review, no errors or deficiencies affecting
safety were found in the documents.
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9.2

Water systems

9.2.1

Introduction
Chapter 9.2, “Water systems”, of the Safety Analysis Report contains descriptions of
the water systems of the Olkiluoto 3 nuclear power plant unit. Most of the water
systems belong in Safety Class 4 or class EYT and are not required to function
during or after an accident. However, the systems may be important for the
undisrupted operation of the plant. Many of the systems mentioned in the chapter
contribute to safety-classified functions, such as flood detection or containment
isolation.
The water systems that are most important for nuclear safety are the heat transfer
chain’s safety related component cooling water system (KAA) and the essential
service water system (PE) as well as the sea water channels, which guarantee
sufficient flow capacity for the cooling water flow.
In conjunction with the implementing decisions of the YVL guides, a deviation from
Requirement 437 (separation of safety divisions hosting redundant parts) of Guide
YVL B.1 in regard to the essential service water system (PE) was accepted. During a
pipe break of the PE system, the prevention of the spreading of flooding to the
adjacent subsystem is not assured on structural grounds; the isolation requires
instrumentation as well as automatic or operator action. There are sufficiently reliable
alarms and operating times for manual operator actions, so the level of safety of
Section 11 of Regulation Y/1/2016 is achieved.

9.2.2

Sea water systems and the ultimate heat sink
The primary ultimate heat sink of the Olkiluoto 3 nuclear power plant unit is sea
water, which is conveyed to the plant through the sea water inlet channel. The mouth
of the inlet channel has coarse screens, which can be heated with anti-ice pumps or
electrical resistors, if necessary. Warm sea water is conveyed out through the
discharge channel into a further discharge channel that is shared with the Olkiluoto 1
and 2 plant units, and finally to the sea.
The atmosphere is used as a ultimate heat sink for the emergency diesel generators
and in the cooling of the diesel backed-up chilled water systems. If sea water is not
available, the atmosphere can also be used as a ultimate heat sink for residual heat
by using secondary circuit blowdown or the containment’s filtered blowdown.
If sea water supply through the inlet channel is prevented, sea water can be
conveyed into a suction pool from the discharge tunnel through a separate
connecting tunnel. The dimensioning of the sea water systems takes into account
fluctuations in sea water temperature and surface level due to various phenomena.
Furthermore, corrosion of materials of the sea water systems is prevented through
choice of material and cathodic protection.
The circulating water system (PA) has four circulating water pumps that pump sea
water to the turbine plant’s condensers. The circulating water system is not needed
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for accident management. Steel parts that are in constant contact with sea water are
made of stainless steel and protected with a cathodic protection system.
The mechanical circulating water screening plant uses four screening lines to ensure
that cooling water is clean enough. The system includes fine screens, fine-screen
cleaning equipment and chain basket filters. The cleaning equipment belong in Safety
Class 3 and are used for ensuring sufficient sea water cleanness level during power
operation and in accident situations, at which times the need for sea water is less
than one-tenth of the flow during power operation. In order to prevent freezing, the
cleaning systems also have a heating system that can be started if necessary. The
power supply of the cleaning system is diesel backed-up.
Sea water temperature measurement helps to indicate when the anti-ice pumps are
needed to prevent frazil ice. The condition of the coarse screen is also monitored,
and its heating can be activated, if necessary. The separate screen waste treatment
system has no safety functions. Its function is to collect the solid matter carried in sea
water. The cooling of components and systems at the turbine plant is carried out with
a closed cooling system from which heat is transferred to the sea through the service
water system.
9.2.3

Safety related component cooling water system
The safety related component cooling water system (KAA) has four subsystems that
transfer heat as a safety function from safety systems through the essential service
water system (PE) to the ultimate heat sink (in the sea). The component cooling
water system is also used for cooling the thermal protections of main coolant pump
seals, fuel pool cooling systems and the cooler for two subsystems of the diesel
backed-up safety chilled water system. Safety functions of the KAA system include:
•
•
•

•
•
•
•

In normal operational situations, transferring heat from consumers and the
reactor’s residual heat removal system to the essential service water system.
In operational situations, transferring heat from the fuel pool cooling system to the
essential service water system for as long as fuel elements remain in the spent
fuel pool of the fuel building.
In design extension conditions (DEC), transferring heat from the containment
heat removal system through the component cooling watersystem, which meets
the diversity principle, to the essential service water system, which also meets
the diversity principle.
Cooling of the thermal protection of the main coolant pump seals.
Cooling the redundant coolers 2 and 3 of the diesel backed-up safety chilled
water system.
Cooling of rooms containing safety systems through ventilation and air
conditioning system coolers.
Containment isolation, which contributes to retaining radioactive material.

The component cooling water system also cools operating loads inside the fuel
building, reactor building, waste building and the nuclear auxiliary building.
The system has two subsystems independent of other subsystems, designed in case
of severe reactor accidents, which transfer heat from the containment heat removal
system, if necessary. The pressure of subsystems KAA50/80 is higher than that of
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the containment heat removal system (JMQ) and subsystems PE50/80 of the
essential service water system. This helps prevent the dispersal of radioactive
material from the JMQ system and the leaking of chlorides from the PE system during
heat exchanger leaks.
9.2.4

Essential service water system
Safety functions of the PE system include:
•
•
•

Heat transfer in accident situations from the heat exchangers of the safety related
component cooling water system to the ultimate heat sink.
Heat transfer from the spent fuel storage pools to the ultimate heat sink.
In design extension conditions (DEC), transferring heat with the essential service
water system, which meets the diversity principle, from the component cooling
water system, which also meets the diversity principle, to the ultimate heat sink.

In addition to the four subsystems, the system has two subsystems that transfer heat
from the containment heat removal system, if necessary. The PE system pumps are
located in two separate pump buildings for the essential service water system. The
essential service water system also has a cleaning system with an automatically
cleaned filter.
Since the PSAR, the system’s flooding resistance has been improved by limiting the
flooding to just one safety division (see Chapter 9.2.1, deviation from Requirement
437 of Guide YVL B.1). Furthermore, one subsystem of the system can be isolated
manually even during loss-of-coolant accidents.
9.2.5

Other water systems
It is important for nuclear safety to ensure that water systems belonging to Safety
Class 4 or class EYT do not compromise the functional capacity of safety systems if
they fail. The water systems have been separated such as to ensure that the
malfunction of any system section does not affect safe operation of the plant or the
functioning of any system important to safety.
In its reviews, STUK has especially assessed how comprehensively the plant supplier
and licensee have recognised and analysed events and phenomena related to these
water systems that might threaten the realisation of the plant’s safety functions.
The demineralised water distribution system includes a storage tank for
demineralised water and distribution lines to consumers at the reactor and turbine
plants. The system can also be used to fill the emergency feedwater system’s tanks if
the ultimate heat sink is lost, in which case the need for make-up water will not start
until after a day at the earliest. The system also contributes, for its part, to
containment isolation. The system also includes a separate emergency pump, which
can be used to fill the feedwater tank. The system’s ventilation and air conditioning
has been carried out by connecting the ventilation channels directly to the auxiliary
boiler building.
The seal water supply system supplies seal water to the seals of systems that contain
radioactivity. The suction lines of the system’s pumps are connected to the
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demineralised water storage tanks. The system’s safety function is to distribute seal
water to the containment heat removal system pumps. The system has buffer tanks
to help produce sufficient seal water in loss-of-power situations.
The potable and sanitary water distribution system can be separated in order to
prevent flooding from spreading to the safety building in case of a pipe break. The
process drains collection and disposal system for transformer structures is used for
flooding detection by measuring the water level in room floor drains.
9.2.6

Review result
FSAR Chapter 9.2 provides a sufficient general description of the plant’s water
systems. Based on the review, the water systems meet the requirements for safety
system design presented in STUK Regulation Y/1/2016 and YVL guides.

9.3

Primary coolant monitoring and handling systems

9.3.1

Nuclear sampling system and hydrogen monitoring system
The nuclear sampling system (KU) is designed for collecting liquid and gaseous
samples for analysis. The samples are used for monitoring, for example,
concentrations of fission products and active and inactive corrosion products,
concentrations of corrosive substances as well as concentrations of chemicals used
to maintain secondary circuit water chemistry. The monitoring provides information
about, for example, fuel leaks, primary circuit boron concentration affecting criticality
safety, leaks between the primary and secondary circuit, condenser leaks and
successes with water chemistry adjustment. Water chemistry can be used to
influence, for example, corrosion and thereby the radiation exposure of workers due
to activated corrosion products.
Samples are collected from the primary and secondary circuits, liquid and gaseous
waste processing systems as well as auxiliary and support systems. The KU system
is divided to the following subsystems based on sample type: active liquid samples
(KUA), slightly active liquid samples (KUB), gaseous active samples (KUF),
secondary circuit samples (QUC) and samples taken during accidents (KUA, KUL
and QUC).
The sampling system is planned for periodic sampling, with the exception of
continuous sampling of primary coolant and steam generator blowdown. The
sampling lines of the primary and secondary circuit run to analysers located in
different rooms or to manual sampling points. Routine analyses are carried out at the
laboratory at the Olkiluoto 3 nuclear power plant unit. The current laboratories at the
Olkiluoto 1 and 2 plant units will also be used for analysing samples.

9.3.2

Primary coolant treatment systems
Primary circuit coolant treatment systems are used for maintaining the primary
circuit’s coolant inventory and sufficient coolant cleaning circulation with the help of
outlet and input. The systems are used to take care of coolant water chemistry,
cleaning of coolant in circulation, the injection and regulation of chemicals and
hydrogen into supplied water as well as the deaeration, treatment and storage of
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outlet water. The following systems are needed for the implementation of the
functions listed above: volume and boron control system (KBA/JEW/KBD), coolant
purification system (KBE), coolant degasification system (KBG), coolant supply and
storage system (KBB), coolant treatment system (KBF) and makeup water system
(KBC).
The KBA system guarantees reactivity control during operational occurrences by
preventing the homogeneous and heterogeneous dilution of coolant by monitoring the
primary circuit’s boron concentration, and when it falls below the preset value, RCSL
starts to supply boron. If the effect of RCSL is not enough to achieve the preset
value, protection I&C isolates the suction of the system’s high-pressure pumps from
potential dilution sources. For residual heat removal purposes, the KBA system can
be used for maintaining primary circuit inventory in DBC3–4 and DEC situations
where the system remains operable. However, the system does not have an actual
safety function related to residual heat removal. In situations after accidents, the
system contributes to containment and primary circuit isolation. Furthermore, the KBA
system ensures primary circuit integrity by, for example, supplying seal water to the
main coolant pumps. The KBE, KBG, KBB and KBF systems do not strictly speaking
contribute to carrying out safety functions. The systems serve the delay of radioactive
materials and thereby help prevent the dispersion of radioactive materials.
9.3.3

Nuclear island drain and vent systems and the leakage monitoring system
Nuclear island drain and vent systems (KTA, KTB, KTC, KTD and KTE) have the
following safety-classified safety functions: containment isolation, primary effluent
collection and monitoring, retaining radioactive material and protecting safety
functions against flooding. Furthermore, since the preliminary safety analysis report,
a leakage detection system (KTL) has been added to the plant to monitor rooms with
radioactive liquids.

9.3.4

Review result
Based on the review, the primary coolant monitoring and handling systems presented
in FSAR Chapter 9.3 meet the requirements set by STUK Regulation Y/1/2016 and
YVL guides.

9.4

Heating, ventilation and air conditioning systems

9.4.1

Introduction
Chapter 9.4 of the final safety analysis report for Olkiluoto 3 nuclear power plant unit
describes the plant’s heating, ventilation and air conditioning (HVAC) systems. The
HVAC systems limit the spreading of radioactive material into the environment,
maintain ambient conditions that are suitable for the staff and systems as well as
protect the plant’s staff, systems and components against certain hazards, such as
hazardous gases, hydrogen and fire.
The systems’ general design criteria, operational principles for ventilation and the
requirements for components, maintenance and decontamination are described in
FSAR Chapter 9.4.1. The main points of individual systems are presented in
Chapters 9.4.2–9.4.23. In addition to the documents that were listed at the beginning
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of Chapter 9 of this report, a room classification for ventilation design was delivered
as an appendix to Chapter 9.4. It describes, for example, room radiation and humidity
levels, thermal loads and temperatures in different situations in separate buildings of
the plant.
Requirements for the nuclear power plant’s HVAC systems are included in Guide
YVL B.1, which mainly has a similar requirement level as its predecessor, Guide YVL
5.6. A significant change in the requirement level between the guides is related to the
application of the single-failure criterion in HVAC systems. According to subsection 7
of requirement 456 of Guide YVL B.1, the single-failure criterion must be applied to
systems located outside the reactor containment, intended to prevent the dispersion
of radioactive material due to the breakdown of equipment or structures containing
radioactive material. The requirement is more categorical than the earlier one, and
unlike the earlier Guide YVL 5.6, it does not limit the function to only apply to
significant activity. In the implementing decision of Guide YVL B.1 a deviation from
this requirement was approved for the isolation of the supply ducts of the KLE and
KLF systems as well as the exhaust duct of the KLD system. A deviation from
requirements 323, 324 and 330 of Guide YVL B.6 has been granted in regard to the
KLA system. Matters related to both deviations are dealt with below in Chapter 9.4.2.
The HVAC systems of the Olkiluoto 3 nuclear power plant unit can be divided into two
categories: systems that have safety functions and thus nuclear safety significance,
and systems that are also used for ordinary structural purposes.
9.4.2

HVAC systems important to safety
The containment ventilation system (KLA) of the Olkiluoto 3 nuclear power plant unit
handles containment ventilation and consists of several different subsystems.
Systems that run during operation are containment cleaning system KLA1/2, reactor
building internal filtration system for restricting radioactive releases KLA5 and
systems that handle ventilation in containment equipment compartment (KLA6) and
service compartment (KLA7). As the name suggests, outage ventilation system
KLA3/4 is only used during outages. Service compartment ventilation system KLA7 is
also used during outages. The safety functions of the KLA system are related to
containment isolation and limiting radioactive releases under various circumstances.
According to subsection 3.3 of Guide YVL 1.0, all pipes that are directly connected to
the containment atmosphere must have two isolation valves which operate
independently of each other, and preferably one isolation valve must be inside the
containment and one outside it. A deviation from this requirement has been approved
for the KLA system because containment pressure measurement lines needed during
accident situations are equipped with one motor-operated isolation valve outside the
containment, and the valve is controlled locally. The isolation valve actuators are
normally disconnected from power to prevent unwanted closure of valves, and
measurement lines inside the containment have flow limiters that are able to limit
leaks to less than 10% of the allowed containment leakage . The YVL deviation was
granted to ensure the containment internal pressure measurement function in
accident situations when the containment is isolated. A similar deviation has been
granted in the implementation of Guide YVL B.6.
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The most important function of the annulus ventilation system (KLB) is to limit
radioactive releases during any accident situation. This is done by isolating the
system’s normal supply and exhaust lines and starting accidental filtration lines,
which will maintain the annulus at an subatmospheric pressure of at least 620 Pa .
The system collects leaks, which are then conveyed through filters to the vent stack.
In situations where the system’s fans do not get power, sub pressure in the annulus
is maintained by a natural draft created when the normal air supply and exhaust lines
are isolated by closing their battery backed-up dampers. The natural draft ensures
that releases are conveyed through accident line filters to the vent stack. In addition
to the emergency diesel generators, the system can also be power supplied from the
station blackout (SBO) diesel engines, which are presumed to be running no later
than after 12 hours during severe reactor accidents. During normal operation of the
plant, the system’s normal supply and exhaust lines are continuously in use and the
accident lines are closed. The system maintains the containment annulus at an sub
pressure of 200 Pa compared to the environment.
The design of the KLB system has changed somewhat from the preliminary safety
analysis report, where the system did not have continuous ventilation (supply air) but
instead the annulus was continuously kept at a great sub pressure (2,300 Pa) with
the exhaust lines. That also meant a greater variation in annulus temperature
because the outdoor air temperature has a significant impact on the temperature in
the annulus. Maintaining the annulus at a great sub pressure would also require the
outer containment to be airtight enough. For these reasons, among others, STUK
paid attention to the starting of a natural draft in various temperature conditions. The
matter was analysed, and the analyses were processed at STUK as a part of system
design approval. As a consequence of the design change and the resulting decrease
in the temperature variation range, the analysis of the starting of a natural draft as a
function of temperature provided greater reliability that the draft will start in case of
any need.
The safety functions of the safeguard building controlled-area ventilation system
(KLC) are related to isolating the controlled area of the safeguard buildings, limiting
radioactive releases and ensuring the operability of the components of systems that
are important for plant operation and located in the safeguard buildings (KAA, LAR,
JMU, KUL, JN). The system has four subsystems, one in each safeguard building,
and they function in the controlled area, where the air may contain radioactive
contamination. The system’s iodine filtration lines can also be used for exhaust air
filtration in cases where a fuel handling accident occurs in the fuel building or reactor
building. In regard to the preliminary safety analysis report, noteworthy changes to
the system include, for example, recirculation cooling units, which have been added
to rooms containing components of the KAA, LAR, JMU, KUL and JN systems and
which maintain ambient conditions that are favourable for the functioning of the
components of the systems. The design of the added recirculation cooling units has
since been changed in the KAA, LAR and JN system rooms, where they are
connected to water from the safety chilled water system (QKA) as well as to water
from the KAA system.
The access building and office and staff amenities building ventilation system (KLD)
maintains sub pressure in the access building’s controlled area and takes care of the
normal ventilation of the building. The system’s safety function is to prevent the
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spreading of air contamination outside the nuclear auxiliary building. The isolation
dampers of the KLD system are on the exterior wall of the nuclear auxiliary building,
to which the exhaust air from the access building’s controlled area is conveyed
through ducts. The dampers close spring-actuated in case of loss of off-site power.
The nuclear auxiliary building ventilation system (KLE) handles auxiliary building
ventilation as well as supply air delivery and exhaust air treatment in systems KLA,
KLB and KLL. The KLE system also handles the filtration of the exhaust air of the
safeguard building controlled-area ventilation system KLC. The system’s safety
function is to isolate the nuclear auxiliary building in order to prevent the spreading of
airborne contamination, isolate the fuel building’s boron rooms in case of a
temperature drop as well as maintain favourable ambient conditions in air activity
measurement rooms located in the nuclear auxiliary building. The KLE system is
continuously running during plant operation and outages. The auxiliary building
isolation function in terms of supply air channels is implemented with only one
isolation damper, which is not fully compliant with Guides YVL 1.0 and YVL 5.6 in
regard to single-failure tolerance. The isolation function is needed in case of
earthquakes, for example, which is what the isolation dampers are designed for. In
case of need, the dampers close spring-actuated. The implementation of the function
with only one isolation damper has been justified with the dose being clearly below
the radiation dose limits for accident situations.
The radioactive waste processing building ventilation system (KLF) handles
ventilation in the radioactive waste processing building of the Olkiluoto 3 nuclear
power plant unit, where liquid and solid waste generated in the plant’s operation is
processed. The system’s safety function is to isolate the radioactive waste processing
building in order to prevent spreading of airborne contamination. The system is not
needed during or after accident situations because there is fairly little activity inside
the building. The system is running during plant operation as well as during outages.
The fuel building ventilation system (KLL), supported by the KLE system, handles the
ventilation of the fuel building. Inside the building, the fuel handling hall forms a
separate ventilation compartment, which is kept at a lower pressure than the rest of
the building. The system’s safety functions are related to the isolation of the access
ways to the fuel handling hall or reactor building if a fuel handling accident occurs in
the hall or reactor building. In addition to that, the system ensures favourable ambient
conditions for the boron rooms located in the fuel building. There has been a small
change in system design since the preliminary safety analysis report, related to the
sub pressure maintained on the premises. Previously, the design sub pressure was
150 Pa throughout the building, but now 150 Pa only applies to the fuel handling hall
while the rest of the building is maintained at an sub pressure of 100 Pa compared to
the environment.
The main control room air conditioning system (SAB) handles the air-conditioning of
the Olkiluoto 3 nuclear power plant unit main control room and related rooms, such
as computer rooms. The safety function of the SAB system is to maintain acceptable
ambient conditions in the main control room and related premises, ensure habitability
of the rooms, remove the thermal load caused by electrical and I&C components,
handle iodine and aerosol filtration during a severe reactor accident as well as
maintain the premises of the main control room at an overpressure compared to the
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environment during the plant’s normal operation (50 Pa) and in accident situations
(100 Pa). The system runs during plant operation as well as during outages. The only
change worth mentioning made to the system since the submission of the preliminary
safety analysis report is the cross-connections made between the system and
electrical division of safeguard building ventilation system SAC. With the crossconnections, the cooling of the main control room’s PICS computer rooms can be
guaranteed (by bringing air into the rooms from the SAC system) in situations where
the plant’s main control room has been completely lost due to a fire and the plant is
being controlled from a remote shutdown station.
Since the submission of the preliminary safety analysis report, an emergency cooling
system for the main control room (SAB90) has been added to the main control room’s
normal air-conditioning. The system was added to ensure the habitability of the main
control room in case of loss of off-site power where the diesels do not start. Situations
used as the system’s design basis include the loss of off-site power combined with a
common cause failure of the emergency diesel generators, and the loss of off-site
power combined with the loss of the computerised I&C system. The normal control
room air-conditioning is not available in such situations. The emergency cooling
system for the main control room ensures that the main control room is habitable until
the diesel generators (EDG or SBO) can be started. It has been estimated that the
diesels will be available no later than two hours after the beginning of the event. Once
the diesels have started, the main control room air conditioning system SAB can be
realigned.
The SAB90 system consists of two identical, independent cooling systems and it
ensures cooling of the main control room, because the cooling of related rooms
during the first two hours of the aforementioned situations is not important to safety.
Key components of the system have battery back-up, which guarantees their
operability during loss of power. During normal operation of the plant, the system is in
standby mode.
The safety functions of the electrical division of safeguard building ventilation system
(SAC) are to maintain ambient conditions in the electrical rooms of the safeguard
buildings, emergency feedwater pump system rooms (LAS) and component rooms of
the safety related component cooling water system (KAA) as well as to ensure the
habitability of the remote shutdown station of the Olkiluoto 3 nuclear power plant unit.
The system also provides supply air to the KLC system. The system consists of four
safety-classified subsystems, one in each safeguard building. In addition to the
safety-classified trains, the system includes two EYT maintenance trains, which are
normally used during maintenance breaks of the main trains.
Changes from the preliminary safety analysis report include, for example, the
increased importance of the maintenance trains. If one of the safety-classified trains
is lost, ventilation can be connected to work through a maintenance train.
Furthermore, there are cross-connections between different trains, which can be
used to connect the safety-classified trains if a maintenance train were not available,
for example due to a loss of off-site power and emergency diesel generators. In
addition to the cross-connections inside the system, the SAC system is also
connected to the SAB system in order to guarantee cooling of the PICS computer
rooms in case the main control room is lost as described above. Separate
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recirculation cooling units have also been installed in rooms with high thermal loads,
such as rooms of the LAS and KAA systems. Another cooling unit, which receives
cooling water from the QKA system, was later added to the recirculation cooling units
in the rooms of the KAA system. The loss of safeguard building ventilation in extreme
weather conditions has also been analysed, and the analyses have demonstrated
that it is also possible to handle the air-conditioning and ventilation of the rooms by
using only outdoor air.
The diesel building ventilation system (SAD-SAL) handles the ventilation of the four
emergency diesel generator buildings and two SBO diesel buildings. The system’s
safety function is to remove the thermal load created by the running of the diesels
and operation of electrical and I&C components as well as to ensure that the
buildings’ electrical rooms, battery rooms and fuel tank rooms remain warm enough.
The ventilation of all diesel buildings is its own separate and independent entity.
During normal plant operation, the system is on standby mode in regard to the diesel
halls, to be started if needed, while in other rooms, such as electrical rooms and
battery rooms, the ventilation is continuous.
Since the granting of the construction licence, a change has been made to the SADSAL system, decreasing the safety classification of the system’s cooling units to class
EYT because it was not possible to qualify them for Safety Class 3 due to the
software platform of a specific valve type used in them. STUK approved the change
because the cooling of electrical and I&C rooms important to safety can be done by
using only outdoor air. With the change application, TVO delivered to STUK
temperature analyses demonstrating that temperatures in different rooms of the
diesel buildings remain in an acceptable range even when only outdoor air cooling is
available.
The main steam and main feedwater valve station compartment ventilation system
(SAM3) belongs to class EYT in other respects, but it has one safety function. The
system’s function is to maintain redundancy separation by means of the integrity of
the hand operated shut-off valves in the supply and exhaust openings in the valve
building’s walls in a situation where a steam or feedwater pipe breaks at the plant.
The system runs continuously during plant operation and outages.
The ventilation system for essential service water pump building (SAQ) handles the
pump building’s ventilation, and its safety function is to maintain ambient conditions
favourable for the equipment in the facilities in question. The system runs during plant
operation as well as during outages.
9.4.3

Other systems related to the contents of Chapter 9.4
The safety chilled water system (QK) produces cold water and cools safety-classified
ventilation and air conditioning systems during all operational situations of the plant. It
consists of four subsystems, two of which (divisions 1 and 4) use outdoor air as their
ultimate heat sink, and two (divisions 2 and 3, through the KAA system) use sea
water as their ultimate heat sink. The subsystems are located in the safeguard
buildings, each of which has its own subsystem. The system’s safety function is to
cool the main control room air conditioning system (SAB), electrical division of
safeguard building ventilation system (SAC) and safeguard building controlled-area
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ventilation system (KLC), pump motors of the low head safety injection system (JNG)
and extra borating system (JDH) as well as the system’s own rooms that contain
safety-classified cooling units.
Compared to the preliminary safety analysis report, in the design of the QKA system,
two new SC3 cooling units have been added to subsystems 1 and 4, and the safety
classification of the original cooling units of these subsystems was decreased to class
EYT. The addition of units was done due to difficulties in qualifying the original
cooling units for Safety Class 3. The added and original units have some shared
parts, so they are not fully new subsystems. The QKA system also involves an YVL
deviation related to subsystems 2 and 3. In both subsystems, cooling unit
components and their software platform do not fully meet Safety Class 3 level for
qualification purposes, either. The deviation was approved as a one-off and is not
valid if the cooling units are replaced. When STUK approved the deviation, STUK
required that temperature analyses demonstrate that temperatures in the rooms
cooled with subsystems 2 and 3 remain in an acceptable range for the equipment
located in the rooms.
The contents of FSAR Chapter 9.4 also include materials form the following systems:
anti-ice heating system (AIH), operational chilled water system (QN), ventilation
system for auxiliary boiler building (SAH), ventilation system for anti-icing pump room
(SAJ), ventilation system for turbine building (SAM1), ventilation system for
operational chilled water system (SAM4), ventilation system for circulating water
building (SAQ50), sampling for activity monitoring systems (KLK), smoke
confinement system of nuclear island (SAG), ventilation/air conditioning system for
switchgear building (SAC70), switchgear area of nuclear auxiliary building ventilation
system (SAC80), HVAC systems for pipe and cable ducts (SAZ), space heating
system (SB) and air humidification system (QM). Of these systems, all except AIH,
KLK and QN are also normally used in the buildings and thus do not have any
nuclear safety significance.
9.4.4

Review result
FSAR Chapter 9.4 contains a sufficient description of the plant’s heating, ventilation
and air conditioning systems. Based on the review, STUK has presented in its
decisions minor comments about FSAR Chapter 9.4 and the associated system
documentation. The comments are related to small text supplementations and are not
by their nature such that they would prevent approval of the documents or granting of
an operating licence for the Olkiluoto 3 nuclear power plant unit. With the exception of
the cases presented above in Chapters 3.2 and 9.4.2, the systems meet the
requirements presented in STUK Regulation Y/1/2016 and YVL guides.

9.5

Other auxiliary systems
FSAR Chapter 9.5 contains descriptions of fire protection systems, laboratory
equipment, compressed air systems, the gas distribution system and cranes. The
isolation valves of fire protection systems (SG), the gas distribution system (QJ) and
compressed air systems (SCA/SCB/QFB) in the containment contribute to the
containment isolation function, and the safety class of system components related to
the function is 2.
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The function of the fire protection systems located in the nuclear island and turbine
island is to protect the plant systems carrying out safety functions in case of on-site or
off-site fires by preventing and limiting the start and spreading of fires, by alerting
about fires and by taking part in extinguishing fires. The safety class of the fire
protection systems is primarily 4.
During the construction phase, STUK assessed the sufficiency of the design basis of
the fire protection systems in conjunction with the processing of fire hazard analyses
(FHA) as well as the detailed implementation of fire compartments and room-specific
fire load analyses.
The polar crane (SMJ01-01), gantry crane (SMZ) and the auxiliary crane in the fuel
hall (SMF01) belong in Safety Class 3. They do not contribute directly to plant-level
safety functions, but they are used to transfer heavy objects that could cause a risk of
dispersion of radioactivity if they fell. Laboratory equipment (STG) primarily belong in
Safety Class EYT, but activity measuring equipment belong in Safety Class 4. They
help provide data about the parameters of systems that contribute to safety functions.
Activity measuring equipment can be used for handling manual samples from postaccident monitoring systems, thus providing information on the existence and degree
of potential core damage.
Review result
Based on the review, the auxiliary systems presented in FSAR Chapter 9.5 meet the
requirements set by STUK Regulation Y/1/2016 and YVL guides.
9.6

Decontamination systems
FSAR Chapter 9.6 contains descriptions of decontamination systems. There are two
systems: decontamination system for process equipment and vessels (FKE) and
decontamination equipment for small machine components (FKK). They belong in
Safety Class 3 because they are used for handling radioactive material.
The FKE system can be used to decontaminate equipment and components of
various systems located in the safeguard buildings, fuel building, auxiliary building
and waste building in order to ensure accessibility and reduce workers’ radiation
doses during inspection, maintenance and repair activities.
The FKK system can be used to decontaminate equipment and parts that have been
detached for repair or maintenance in order to reduce the radiation exposure of
maintenance staff. The system can also be used for cleaning contaminated
equipment and parts in order to clear them from monitoring.
STUK approved the system descriptions during the construction phase.
Based on the review, the decontamination systems presented in FSAR Chapter 9.6
meet the requirements set by STUK Regulation Y/1/2016 and YVL guides.
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9.7

Summary of review results
With the exception of the approved deviations presented above in Chapter 9.4.2, the
systems presented in FSAR Chapter 9 meet the requirements set by STUK
Regulation Y/1/2016 and YVL guides.
Based on the review, STUK has presented comments to TVO about FSAR Chapter 9
and the associated system documentation. The comments are not by their nature
such that they would prevent approval of the documents or granting of an operating
licence for the Olkiluoto 3 nuclear power plant unit.
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10

Main machine sets of the turbine plant
The review area includes the secondary circuit systems of the Olkiluoto 3 nuclear
power plant unit presented in Chapter 10, “Steam and power conversion system”, of
the final safety analysis report. Once completed, the Olkiluoto 3 nuclear power plant
unit will produce 1,600 MW of electrical power. The turbine plant has a single-shaft
turbine generator set consisting of one HP steam turbine, three LP steam turbines, a
generator and an exciter.
Most systems of the turbine plant belong in Safety Class 4 or class EYT. Systems in
Safety Class 4 are not required to function during or after an accident. However, the
systems may be important for the undisrupted operation of the plant.
It is important for nuclear safety to ensure that the turbine plant’s systems do not
compromise the functional capacity of safety systems if they fail. The turbine plant’s
systems have been separated such as to ensure that the malfunction of any system
section does not affect safe operation of the plant or the functioning of any system
important to safety.
In its reviews, STUK has especially assessed how comprehensively the plant supplier
and licensee have recognised and analysed events and phenomena related to the
turbine plant that might threaten the realisation of the plant’s safety functions.
Because the turbine island is separated from the nuclear island, special attention has
been paid to the interface between the islands. In normal operation, secondary circuit
systems do not contain radioactive material. Activity is continuously measured in the
main steam lines, steam generator blowdown system and the steam turbine plant’s
air removal system.
In conjunction with the implementing decisions of the YVL guides, a deviation was
approved in regard to the feedwater piping system (LAB) and the isolation valves of
the main steam piping (LBA) of the live steam system from requirement 318 of Guide
YVL B.6, which states that isolation valves must remain operable during accidents.
The durability of the isolation valves of the LAB and LBA systems in pipe break
situations has not been demonstrated. If the main feedwater pipe breaks outside the
containment, there is a check valve inside the containment which, when it closes,
prevents the discharge of the steam generator outside the containment. Normally, the
secondary side of the steam generator does not include radioactive material, so it is
not necessary to isolate the containment in this case. A break of the main feedwater
pipe does not cause a break of the steam generator’s heat transfer pipe that could
result in activity spreading to the secondary side of the steam generator. A break of
the main steam line pipe does not cause a break of the steam generator’s heat
transfer pipe, either. Consequences of a pipe break in the main steam line or main
feedwater line have been taken into consideration in the design of the reactor core
and other systems. On these grounds, STUK approved the deviation.
With Chapter 10 of the final safety analysis report were delivered the associated
system descriptions, PI diagrams, lists of valves, measurement points and
components, electricity consumption lists, the licensee’s safety assessments and the
designer’s safety assessments.
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10.1

Systems connected to the nuclear island
The nuclear-island sections of main steam pipes and main feedwater systems belong
in Safety Class 2. The systems have been connected through valve station buildings
to the turbine plant, where the systems belong in Safety Class 4. The systems’
control and isolation valves are located in valve spaces on the roof of safeguard
buildings 1 and 4.
Main steam piping
The main steam piping in the nuclear island contributes to the following safety
functions:
•
•
•
•

reactivity control during accident situations
removal of residual heat from the reactor
overpressure protection
retaining radioactive material.

The functions require isolation, blowdown and safety valve in the system. If
necessary, steam is conveyed out into the atmosphere through the blowdown line
and safety valves. The break preclusion principle has been applied to the main steam
lines from the steam generator to the isolation valve. In addition, the system’s four
lines have been separated from each other by means of compartmentation and
distance. Power supply to the system’s valves has been backed up with emergency
diesel generators and accumulator sets. In order to ensure reliability, the valves go
into a state that is favourable to safety in case of a loss of power.
Main feedwater system
The feedwater system in the nuclear island contributes to the following safety
functions:
•
•
•

isolation of the feedwater system from the steam generator
residual heat removal
retaining radioactive material in the containment.

During disruptions, the main feedwater system is isolated from the steam generators
by closing the control and isolation valves in order to prevent the steam generators
from filling with water. Containment isolation is achieved with the main isolation valve
and a check valve located in the reactor building. All control and isolation valves of
the feedwater system for different flow volumes in the available lines also close with
an order to isolate the feedwater system.
The break preclusion principle has been applied to the feedwater lines from the
steam generator to the containment penetration. In addition, the system’s four lines
have been separated from each other by means of compartmentation and distance.
Power supply to the valves has been backed up with diesel generators and
accumulators.
In the manufacturing and installation of steam and feed water piping, the elevated
quality requirements for the welding and the post-welding heat treatment have not

Radiation and Nuclear Safety Authority

Review report

87(146)
43/G42242/2016

February 15, 2019

been fully considered. STUK will review the deviations before the fuel loading. On the
basis of the fatigue analysis of the feed water line, the cumulative usage factor is
relatively high both in a pipe elbow upstream the steam generator and also in the
steam generator nozzle. In addition, the elastic-plastic analysis in accidental
conditions indicates ambiguous results for the pipe elbow. However, the
dimensioning of the piping can be found sufficient in terms of nuclear safety, even
though Break Preclusion conditions are not fully met based on fatigue and accident
analyses. The significance of the deviations for the safe and reliable operation of the
pipeline is estimated low, as the pipeline is equipped with whip restraints and leakage
monitoring system.
Steam generator blowdown system
The steam generator blowdown system is used to remove precipitates and
contaminants that build up in the steam generators using continuous blowdown. The
activity measurements in the system help detect leaks in steam generator heat
transfer pipes. The system is also used for primary–secondary leak management.
Other safety functions of the system include steam generator isolation and
containment isolation. Flooding due to system failure (pipe break) has been
considered in system design by preventing the spread of the flooding to other
buildings.
10.2

Turbine plant systems
The feedwater, steam, condensate and other auxiliary systems of the turbine plant
have no safety functions, but they cool the primary circuit and are important for the
plant’s normal operation. For this reason, STUK has, in the reviews, assessed the
impact of failures of secondary circuit systems to plant safety.
Feedwater and steam systems
The function of the feedwater and steam systems is to store and supply feedwater
with the feedwater pumps through preheaters to the steam generators, from which
the steam is further supplied to the steam turbine’s high-pressure section. After the
steam expands in the high-pressure section, moisture is removed in the preseparator, and the steam is superheated in the moisture separator and reheater
before being conveyed to the turbine’s low-pressure section.
Normally, secondary circuit steam created in the steam generators during power
operation is conveyed to the HP steam turbine. If use of the turbine is prevented for
some reason, the power produced by the reactor after power limiting can be
conveyed through turbine by-pass lines into the condenser. If the steam line isolation
valves have already closed, the heat can be removed through blowdown valves into
the atmosphere. Turbine bypass is needed when the turbine is unavailable, when the
turbine’s receptiveness and the volume of live steam is unbalanced and during startup and ramp-down. During primary–secondary leaks, the turbine bypass system can
be used to reduce the leaking of primary circuit activity into the atmosphere.
Feedwater is preheated in the LP and HP preheater and then pumped into the steam
generators with the main feedwater pumps. During power operation, three main
feedwater pumps are running and one is one standby. Feedwater flow is controlled
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with a high-power, low-power and extra low-power line. There is a separate
feedwater pump for start-ups and ramp-downs. In addition to the normal feedwater
system, the plant has an emergency feedwater system; however, it is not one of the
turbine plant systems. The emergency feedwater system is covered in Chapter 6 of
the inspection report.
Turbine and condensate systems
The function of the turbine system is to transform the enthalpy of superheated steam
into rotation of the turbine shaft as steam expands in the turbine blading. From the
turbine’s low-pressure section, the steam is conveyed into condensers, in which the
steam condenses to water in near-vacuum. The heat transfers in surface heat
exchangers to the water of the circulating water system and onward to the ultimate
heat sink, the sea.
Malfunctions of the control and shut-off valves have been taken into account in the
design of the turbine system. Turbine systems are protected with a turbine trip and
various limiting functions. If turbine systems malfunctioned in spite of the protection
functions, they would not compromise the plant’s safety functions. The turbine
systems include several auxiliary systems, such as the bearing system, lubricating
and control oil system as well as a lifting-oil and barring system.
The condenser system includes the condenser’s vacuum and for air removal system.
During a steam generator tube leak, the necessary condenser vacuum is maintained
and use of the turbine bypass steam system is facilitated. The collection tanks
connected to the condensers are used for collecting a large volume of different side
condensates, which are conveyed into the main condensate system and feedwater
circulation.
Generator systems
The generator is connected to the same shaft as the turbine, and its function is to
transform the turbine’s rotation energy into electricity. An exciter, which is needed to
excite the generator, is connected to the same shaft. The generator systems includes
several auxiliary systems, such as the bearing system, seal oil system, stator water
systems, generator protection and control systems as well as hydrogen systems.
Condensate systems
The main condensate system injects the condensate coming from the condensers
with condensate pumps through the LP heating system to the feedwater tank. The
condensate system also receives side condensates, for example from the HP and LP
heating systems and combined moisture separator and superheating system.
Water treatment and sampling systems (water chemistry)
The function of the water treatment systems is to keep the water in the water-steam
cycle clean in order to prevent corrosion and erosion as well as the build-up of
deposits and hazardous compounds. The water treatment systems include the
hydrazine injection system and steam generator blowdown demineralisation system.
Hydrazine is used to maintain a suitable feedwater oxygen content and pH for the
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plant. The sampling systems are used to monitor the plant’s water chemistry and
water treatment efficiency as well as potential leaks in the various heat exchangers.
Some of the monitoring parameters are obtained through continuous measurement
and some from separate samples that are analysed in the plant’s laboratory.
AVT (All Volatile Treatment) is applied in secondary circuit water chemistry, meaning
that only volatile chemicals are injected into the water. Data about secondary circuit
water chemistry is obtained from the turbine plant’s sampling system. The function of
the system is to monitor the quality of the turbine plant’s water and steam as well as
the quantity of corrosion products in the feedwater system.
10.3

Nuclear safety significance of the turbine plant
If disruptions of the turbine plant prevent heat transfer to the ultimate heat sink, the
plant must be shut down. A sudden need for a shutdown always involves risk, so
reliable functioning of the secondary circuit is also important for nuclear safety.
Fire loads and fire safety
The most significant fire loads of the turbine plant are turbine lubricating oil, the
hydrogen used for generator cooling, generator seal oil and feedwater pump
lubricating oil.
Systems connected to functioning of the generator hydrogen cooling contribute to
minimising the risk of a hydrogen fire. The hydrogen central distribution unit is
situated in a separate central gas supply building, and its function is to supply the
main generator with cooling hydrogen. Hydrogen consumption is monitored and the
supply is stopped, if necessary. The rapid hydrogen venting system facilitates rapid
venting of hydrogen from the generator during abnormal situations.
Fires are dealt with in more detail in Chapter 3.3 on preparedness for internal
hazards of this inspection report.
Turbine missiles
A separate turbine missile analysis has been prepared for the plant, analysing the
effect of turbine missiles of the Olkiluoto 1 nuclear power plant unit on the Olkiluoto 3
nuclear power plant unit, and vice versa. The principle is that a turbine missile from
another plant shall not compromise primary circuit integrity or safe shutdown and
residual heat removal of the plant or cause a significant radioactive discharge.
The analysis included calculation of the penetration and residual speeds of missiles,
which can be used to assess missile hazard. Based on the modellings, turbine
missiles of the Olkiluoto 3 nuclear power plant unit at 120% turbine rotation speed will
stop in the cylinder. A turbine missile from the Olkiluoto 1 and 2 plant units would not
penetrate the containment or fuel building of the Olkiluoto 3 nuclear power plant unit.
The interim storage for spent fuel located in the plant site is also safe from turbine
missiles. The bearings of the turbine generator shaft is designed to withstand the last
blade of one LP steam turbine coming loose.
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10.4

Review result
FSAR Chapter 10 provides a sufficient general description of the turbine plant’s
systems. Based on the review, the turbine plant’s systems meet the requirements for
safety system design presented in STUK Regulation Y/1/2016 and YVL guides.
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11

Management of radioactive waste

11.1

Introduction
Chapter 11 of the final safety analysis report describes the processing of gaseous,
liquid and solid waste at the plant and estimates the radiation doses to the population
living in the surroundings of the plant caused by the gaseous and liquid discharges
from normal operation. The chapter is appended with the system descriptions of the
waste processing systems and the related safety assessments by the designer and
licensee. Also appended is a validation report for the radiation dose calculation
method and reports prepared by the licensee on the processing, storage and disposal
of low and intermediate level waste.

11.2

Gaseous releases
Radioactive gases consist of gases that build up in the reactor’s primary circuit and
other systems as well as exhaust air from the controlled area. Air from the controlled
area is treated with air conditioning systems by scrubbing it with aerosol filters and, if
necessary, activated carbon filters. The gas plenum of the tanks of auxiliary systems
containing gases is flushed with nitrogen gas using the gaseous waste processing
system (KPL). The system maintains favourable oxygen and hydrogen
concentrations by means of a recombiner. The system is also used to adjust the gas
volume of different systems and maintain underpressure in tanks in order to minimise
releases of radioactive gases. The gases are cycled, which helps minimise nitrogen
consumption and decay short-lived noble gases. Exhaust gases are also delayed
with activated carbon filters before entry into the vent stack, further reducing the
amount of noble gases that reach the outside.
The Technical Specifications set limits for releases and emission rates of the plant; if
they are exceeded, operation must be restricted. The limits have been set such that
plant operations do not cause radiation exposure exceeding the dose contraints laid
down in Section 22 b of the Nuclear Energy Decree to a person representing the
most exposed members of the public in the vicinity.
The release measurements are described in the system description of the
radioactivity monitoring system appended to FSAR Chapter 7. Samples collected
from the ventilation stack are analysed through gamma spectrometry for
concentrations of radioactive material present in radioactive noble gases and iodine
or bound to aerosol particles. In addition, outlet water samples are analysed through
gamma spectrometry. Collected air samples are analysed for concentrations of tritium
and 14C, and outlet water samples for tritium concentration, using a liquid scintillation
counter. Air aerosol samples and discharge water samples are analysed for the total
activity of alpha-active nuclides (nuclide-specific concentrations where necessary),
and strontium nuclides 89Sr and 90Sr are determined. Continuously operating radiation
monitoring systems are used to monitor the radioactivity of exhaust air from the
ventilation stack in real-time through noble gas, iodine and aerosol measurements.
The laboratory’s system description is included in FSAR Chapter 9. Nuclide-specific
analysis of releases and the associated reporting is carried out using experiences
gained in the normal operation of the Olkiluoto 1 and 2 nuclear power plant units. The
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measuring instruments used for release monitoring meet the requirements of the YVL
guides and guarantee effective monitoring of the plant’s releases.
The treatment of gaseous releases meets the requirements laid down in the YVL
guides. Effort has been made to minimise releases by recycling gases released from
processes in a closed system as well as delaying the release through activated
carbon filters. It has been judged that the releases will also remain low in abnormal
situations, so effects on the environment will remain low even then. Other proven
solutions from the other plants for release management and minimisation as well as
the best available techniques have been used at the plant. STUK considers that the
ALARA (As Low As Reasonably Achievable) and BAT (Best Available Technology)
principles of optimisation have been sufficiently considered in regard to the plant’s
release management.
11.3

Liquid releases
During operation, wastewater comes from water treatment and various leaks and
water used for cleaning, such as decontamination water. Wastewater created by
functions of the plant can be divided into three groups. Group 1 consists of water
from systems containing primary coolant. It contains boron and activity. Group 2
consists of water from, for example, the hot laundry facilities and hand-washing
stations. It has low activity. Group 3 consists of water with no activity, such as
blowdown water from the steam generators, that can mainly be released without
treatment.
The liquid waste storage system (KPK) collects wastewater, separated by waste
group, into storage tanks based on chemical properties. The wastewater is stored,
treated or released from the plant in accordance with the safety requirements.
Wastewater is treated in the liquid waste processing system (KPF). The treatment
methods include evaporation (distillate into release, concentrate into waste),
centrifugation (solution into release, separated solids into waste placed in a barrel)
and chemical treatment (such as neutralising, breaking down organic matter). All
liquid releases take place through KPK, and the necessary activity analyses of the
liquids are carried out before releasing them. The release is monitored in real time so
that any problems can be immediately reacted to.
In the pre-inspection materials of the KPF/KPK systems, STUK paid special attention
to the reliability of the closure of the water release line’s shut-off valves even though
reduction of the line’s radiation monitors from two to one was approved. With the
implementing decision of Guide YVL C.3, a deviation was approved, according to
which the radioactivity monitoring system for waterborne emissions does not need to
meet the single-failure criterion at this stage. However, the requirement must be
taken into account when updating the system in question.
The Olkiluoto 3 nuclear power plant unit does not have automatic sampling in the
water release line. STUK considers that the level of safety according to the
requirements of Guide YVL 7.6 and Guide YVL C.3 on automatic sampling is
achieved with compensatory procedures because special attention was paid to the
representativeness of the sample taken from the monitoring tank at the Olkiluoto 3
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nuclear power plant unit, and the amount of unintended release can be determined
from a sample taken afterwards from the discharge line.
11.4

Exposure of members of the public to releases from normal operation
The Olkiluoto 3 nuclear power plant unit is being built in a power plant site that
already holds two nuclear reactors. As such, the release limits of the official
regulations take into account the releases of all three reactors, which combined must
not exceed the annual dose constraint of 0.1 mSv specified in the Nuclear Energy
Decree to a person representing the most exposed group in the vicinity. The release
limits of the Olkiluoto 3 nuclear power plant unit have been set such as to ensure that
the combined dose effect of all of the Olkiluoto power plant units is under 0.1 mSv. In
regard to the types of radioactive releases with the most important dose effects,
noble gases and iodine, the Olkiluoto 3 nuclear power plant unit has been allocated a
share of 10% of the combined release limits for all plant units. The plant has been
designed according to the ALARA principle, minimising water and gas releases
during normal operation and anticipated operational occurrences.
Data from 2007 was used for the dose calculations presented because, from the
observation period of 12 years, it best represented the average and had good data
integrity for all parameters. The dose calculation was carried out for several
individuals at a distance of 1 km from the plant: an adult, a child and an infant. The
doses caused by both liquid and gaseous releases for all age groups are below the
set constraint. Doses caused by radiation sources building up in the soil and food
chain over a period of 50 years were also estimated for all of the aforementioned
groups.
The noble gas and aerosol nuclides analysed were selected based on the regulations
of the German regulatory authority. Finnish regulatory requirements do not impose
detailed requirements for the choice of nuclide, but the choice must be justified. Ar-41
has been added to the list of the noble gas nuclides analysed because it is expected
to be generated in significant amounts (3 GBq/h) in the atmosphere around the
reactor. One-third of it is presumed to be released into the air. Approximately 80% of
the C-14 release is presumed to be methane and 20% carbon dioxide, and its
concentrations have been estimated based on the experiences of French plants.
Based on the calculations, the most important nuclides that cause doses in gaseous
releases are C-14, Kr-88, Xe-133 and elemental I-131. Ar-41 and tritium have only
minor significance.
The nuclides of liquid releases analysed were also selected based on the regulations
of the German regulatory authority. In liquid releases, the nuclides causing the largest
dose are Co-60, Cs-134 and Cs-137. The share of tritium is only 1–2%.
The plant’s anticipated release has been determined according to operating
experiences from similar plants. The release has been selected such that it covers
the largest realised annual releases of the reference plants in recent years. The dose
effect caused by the anticipated release at a distance of 1 km of the plant is 0.00087
mSv for infants, 0.00059 mSv for children and 0.00054 mSv for adults over the
course of one year.
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The design release is a conservative annual release; values exceeding the design
release would indicate a serious system failure at the plant unit. The dose effect
caused by the design release at a distance of 1 km of the plant is 0.004 mSv for
infants, 0.0031 mSv for children and 0.0028 mSv for adults over the course of one
year. The share of C-14 in this is approximately 10% for infants and 20% for adults.
These values are below the constraint of 0.01 mSv set for the Olkiluoto 3 nuclear
power plant unit by a large margin.
The annual collective dose has been specified for members of the public within a
distance of 100 km in accordance with Guide YVL C.4. It is estimated that
approximately 500,000 people live in this area. The analysis has been done
conservatively (for example, the shielding effect of structures has not been
considered). C-14 causes approximately 98% of the collective dose caused by
gaseous nuclides during normal operation. In regard to liquid activity, the collective
dose is caused by Co-60 (17%), Cs-134 (38%) and Cs-137 (40%) nuclides. In total,
the collective doses are under 50 mmanSv (48.9 mmanSv with maximum releases
and 27.1 mmanSv with the anticipated releases). The licence applicant was not
required to provide a nationwide or global analysis according to Guide YVL 7.2
because the limit value for a global collective dose that was stated in Guide YVL. 7.1
was removed when the Guide was revised in 2006, and the collective dose specified
up to a distance of 100 km is considered to give a good enough estimate of the scale
of the collective dose.
11.5

Low and intermediate level waste
The types and amounts of low and intermediate level waste generated in the
operation of the Olkiluoto 3 nuclear power plant unit is best specified in topical reports
TR 1027 part 1 and 2 as well as in the procedure for the treatment and storage of low
and intermediate level waste, which is included in the power plant waste and water
treatment manual. The types and amounts of waste will mostly be the same as those
generated at the existing Finnish nuclear power plants: evaporator bottoms, sludges
and slurries, ion exchange resins and mixed maintenance waste. The most significant
exception are the mechanical filtration cassettes used in process water purification.
Estimates have been presented of the accumulated volume and activity of different
types of waste; they are largely based on operating experience gained at the Konvoi
plants in Germany.
The Olkiluoto 3 nuclear power plant unit has facilities for processing low and
intermediate level waste generated in operational activities (such as spent ion
exchange resins). The storage capacity at the plant is sufficient and, if necessary, it is
possible to use the MAJ and KAJ stores situated in the Olkiluoto plant site.
The waste processing building (UKS) in the controlled area of the Olkiluoto 3 nuclear
power plant unit has rooms for the waste processing systems. The design basis of
the rooms has been separating personnel rooms and access routes from process
facilities. Systems containing a significant amount of radioactive material have been
separated and shielded from systems that contain little or no radioactive material.
Attention has been paid to maintainability of equipment.
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Liquid intermediate level power plant waste will be solidified in barrels from the waste
processing and storage systems (KPF/KPK) in the radioactive intermediate level
concentrates processing system (KPC). The system solidifies evaporator
concentrates, sludges, slurries and spent ion exchange resins by drying. After
solidification, waste can be safely stored temporarily in the drum storage of the solid
waste storage system (KPE). The KPC system is not continuously active. After
interim storage, TVO has proposed reserving interim storage capacity in the KAJ
store as well, from which solidified waste barrels are intended to be taken to the VLJ
repository for final disposal at a later stage. STUK has reviewed the pre-inspection
materials of the liquid intermediate level concentrates processing system. Based on
the review, no changes to the system are needed.
11.6

Review result
The processing of gaseous, liquid and solid waste fulfils the requirements of
regulatory guidance. The ALARA and BAT principles of optimisation have been
sufficiently considered. STUK finds that the requirement level in Section 24 of
Regulation Y/1/2016 on radiation measurements and the monitoring of radioactive
releases is achieved in spite of the deviation granted from the single-failure criterion
of the radioactivity monitoring system for water releases. The radiation dose caused
to members of the public by the plant’s normal operation will, with great certainly,
remain below the annual dose constraint laid down in the Nuclear Energy Decree.
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12

Radiation Protection

12.1

Introduction
Chapter 12, Radiation protection, of the final safety analysis report describes the
radiation protection of workers at the plant unit. Appended to the chapter is a system
description related to radiation protection and the associated safety assessments by
the designer and licensee as well as topical reports on radiation protection.

12.2

Application of the ALARA principle
General principles of radiation protection are laid down in Radiation Act (859/2018).
According to Sections 5-7 of the Act (unofficial draft translation):
”Radiation practices and protective measures are justified if the overall benefits
achieved are greater than the detriment caused (principle of justification).”
”To optimize radiation protection, occupational exposure and public exposure to
ionizing radiation shall be kept as low as is reasonably achievable, and medical
exposure shall be limited to what is necessary to achieve the intended examination or
treatment result and performance of the procedure (principle of optimization).”
”In radiation practices the radiation dose of workers and members of the public may
not be higher than the dose limit (principle of limitation).”
Section 4 of Guide YVL 7.18 laid down the following requirement:
“The preliminary and final safety analysis reports of the nuclear power plant and the
inspection documentation of the systems, structures and components shall contain a
description of how the requirements established in this Guide will be fulfilled or have
been fulfilled in designing and constructing the nuclear power plant. Furthermore, a
separate report shall be submitted on the most important radiation safety solutions by
means of which the ALARA principle has been complied with at the nuclear power
plant.”
A summary of the radiation protection considerations and radiation protection
decisions made during plant design and construction was presented in topical report
TR E1041 ALARA Report, which was delivered with the safety analysis report and
partly fulfils the aforementioned requirement.
A key radiation protection document in the project is “Radiation Protection
Guidelines”, which comprises the requirements of the YVL guides and the plant
delivery contract as well as the plant supplier’s know-how based on years of
experience. The document contains a lot of information considered as trade and
business secrets of the plant supplier, and is confidential. The Radiation and Nuclear
Safety Authority has had the opportunity to study the contents of the document which,
just based on the table of contents presented in topical report TR E1041, is very
comprehensive.
The design work has been carried out in several organisations in Germany and
France. Topical report TR E1041 describes the distribution of labour between
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AREVA’s radiation protection organisations as well as their mutual data transfer
interfaces.
Topical report TR E1041 presents the general design requirements for the systems
as well as a set of system-specific special requirements. Check lists have been
created to support system design (System Design Checklist). Detailed check lists
have also been utilised in equipment design (separately for tanks and heat
exchangers as well as pumps and other equipment).
Radiation safety considerations related to plant component material selections have
been considered in the design of the plant unit, for example in the minimisation of
materials that easily become radioactive as well as the decontaminability and
radiation resistance of components. Based on operating experience, special attention
has been paid to cobalt management. However, the reduction of primary circuit cobalt
has not been fully brought down to zero because it is difficult to find a replacement
material for stellite (a hard alloy that is mostly cobalt) with good enough properties.
Stellite coatings are a significant source of Co-60 at many nuclear power plants,
including the Olkiluoto 1 and 2 nuclear power plant units. The safety analysis report
examined the choice of steam generator pipe material, which was Alloy 690TT. The
option presented, Alloy 800, would have been preferable purely in terms of the
source term (Co-58), but the choice of Alloy 690TT is supported by its better
corrosion resistance. However, the design goals set for workers’ doses can be
achieved with either material.
The design requirements for plant layout consider accessibility, physical separation,
structural shielding, component handling and storage areas.
Separate recommendations have been provided for the design of work items causing
the largest dose, for example in regard to remote control. These special items include
regular maintenance and inspection activities related to the reactor, fuel and primary
circuit, for example.
The key conclusion of topical report TR E1041 is that radiation protection
considerations have been taken into account in the design of the Olkiluoto 3 -nuclear
power plant unit such as to ensure that the ALARA principle is realised.
12.3

Radioactive material at the plant
The final safety analysis report and its background documents lay out what activity is
expected to be present at the plant and where the anticipated main nuclides come
from. FSAR Chapter 12 deals with radioactive material significant for the radiation
protection of workers in primary coolant and systems connected to the primary circuit.
The requirement for the choice of nuclides for analysis is fulfilment of at least one of
the following criteria: a) the nuclide comprises a significant share of the total activity
inventory, b) the nuclide has a significant dose effect, c) the nuclide volatilises easily,
d) the nuclide can be filtered, or e) the nuclide is a significant cause of dose after a
release. The fuel activity inventory is covered in FSAR Chapter 15.
Design basis values are presented for nuclide concentrations, which are not
presumed to be exceeded when the plant operates as intended. Design basis values
were used in assessment of the extent of the plant systems’ radiation shielding and
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the plant’s releases. In addition, anticipated concentrations that are presumed to
represent average concentrations in normal plant conditions were presented. The
anticipated concentrations are lower than the design basis concentrations. In addition
to these, values five-fold the design basis values were also presented, that have
been used for verification of the plant’s safety to the environment in abnormal
situations. System concentrations have been assessed in terms of a normal
operational situation and a planned plant shutdown. Momentary spiking coefficients
of during ramp-downs or operational occurrences have also been given for the most
important nuclides. Furthermore, activity inventory during a planned ramp-down and
its development in the main systems has also been examined.
The radioactivity concentrations in the primary circuit can be used to directly derive
the concentrations in the plant’s other water systems when they are functioning in
accordance with the design basis. Concentrations in waste systems depend on the
situation and usage of the systems, so their assessment has been done using
experience information from German power plants. The activity inventories were
done conservatively, meaning that the sum of subsystem activities does not
necessarily match the total specified for the system.
The concentrations of the most important fission products (Kr-85, Kr-88, Xe-133, Xe135, I-131, I-133 and Cs-137) were been selected based on statistical analysis of
operating plants. The concentrations of other fission products were derived from the
nuclide distribution used as the design basis.
The corrosion products analysed were selected based on the experiences of other
power plants (French N4 plants and German Konvoi plants). Low dissolution rates of
metals and low cobalt concentration of the materials were taken into account in the
assessment of concentrations. In addition, surface treatment and sufficient chemistry
management are considered to keep corrosion minor. For the same reasons, surface
contamination levels are assessed to remain sufficiently low. The build-up of surface
contamination has also been limited by avoiding particular build-up spots (corners,
gaps, areas with slower flow) in the design of components and piping. In terms of
dose effect, the most important nuclides are Co-58 and Co-60. Mn-54 and Fe-59 are
considered as less significant. The effect of Ag-110m and Sb-124 has been
eliminated through material choices.
The material choices and designed hydrochemical conditions of the plant are aimed
at keeping the radiation doses caused by activation products and radioactive
releases from the plant’s operations as low as possible in accordance with the
ALARA principle. Conservative procedures have been used in the assessment of the
concentrations of radioactive material, and the assessments done are sufficiently
comprehensive in regard to plant situations.
12.4

Structural radiation shielding
Structural shielding primarily refers to radiation shielding of workers with solid
structures such as concrete walls, panels, floors and ceilings of rooms as well as
other materials, such as steel radiation shields, including radiation shielding doors
and hatches. Water is also used as a radiation shield (for example, in fuel pools).
Radiation shielding is aimed at bringing radiation levels as low as practically possible.
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In regard to structural shielding, the placement of radiation sources in rooms, or
layout design, is also significant.
FSAR Chapter 12.3 and the supporting topical reports describe the main parts of the
structural radiation shielding of the Olkiluoto 3 -nuclear power plant unit. Reports
NFPMG DC 1037 and NGPS4/2005/en/1018 are also related to structural shielding.
They present a classification of rooms according to the dose rate under specific
operational situations of the plant or systems.
STUK has reviewed the documents that describe structural shielding. Based on the
review, requirements were issued to supplement or correct documents, but they
mostly did not cause design changes. The composition of heavyweight concrete was
previously changed from the suggested barite concrete to magnetite concrete, for
which justifications were requested. Similarly, requirements were issued regarding
adequate radiation shielding of the rooms around the nuclear fuel transfer tube, which
contributed to improvement of radiation shielding (radiation shields, lockable door).
12.5

Radiation protection of workers
Chapter 12 of the Radiation Act (859/2018) includes stipulations on occupational
exposure. According to Section 89 of the Act (unofficial draft translation): ”In practices
subject to a safety license, the radiation exposure of workers and means to reduce
such exposure must be assessed prior to the beginning of work.”
According to Section 91 of the Act (unofficial draft translation): “The controlled areas
and supervised areas of working areas must be identified and differentiated. The
basis for the differentiation is an assessment on the radiation exposure and potential
exposure in the area.”
Section 92 of the Act provides that (unofficial draft translation): ”Radiation workers
belonging in category A shall furthermore be arranged individual monitoring.”
According to Section 13 of the Government Decree on Ionizing Radiation
(1034/2018) (unofficial draft translation), the effective dose of a radiation worker may
not be higher than 20 millisieverts a year. The equivalent dose of the lens of the eye
may not be higher than 100 millisieverts during a time period of five consecutive
years. However, during a single year, the dose may not be higher than 50
millisieverts. The equivalent dose of skin may not be, as an average dose, higher
than 500 millisieverts a year on the most exposed skin area the size of a quadrat
centimetre. The equivalent dose of hands, arms, feet and ankles may not be higher
than 500 millisieverts a year.
According to Chapter 4 of Guide YVL 7.18:
As part of both the preliminary and the final safety analysis report, a separate report
containing an assessment of the radiation doses received by workers from plant
operation shall be submitted to Radiation and Nuclear Safety Authority for approval.
The assessment shall take account of the separate tasks causing radiation doses, of
which a collective radiation dose of more than 0.01 manSv is anticipated to
accumulate annually. The safety analysis report shall include a summary of the dose
assessments and of the factors that are anticipated to cause doses. The radiation
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dose assessments to be attached to the safety analysis report shall also be classified
by measure (radiation protection; operation, maintenance and repair measures;
periodic inspections; fuel handling; and waste treatment) or by worker group. The
summary shall show the average dose rate in the working point, the working time and
the number of workers, and the frequency of the measure.
Similarly, according to requirement 308 of Guide YVL C.1:
With both the Preliminary and Final Safety Analysis Report, a topical report
containing an assessment of the doses received by workers from plant operation
shall be submitted for approval to the Radiation and Nuclear Safety Authority. The
assessment shall take account of individual tasks causing doses of which a collective
dose of more than 0.01 manSv is anticipated to accumulate annually. The dose
assessments shall also be classified by action (radiation protection, operation,
maintenance, repair, periodic inspection, fuel handling and waste treatment) or
worker group. The report shall show dose rates in the working area, working time,
number of workers and frequency of action. The safety analysis report shall include a
summary of dose assessments and factors likely to affect doses.
Determined by TVO and the plant supplier, the design target for the annual collective
dose of the Olkiluoto 3/EPR plant unit for normal operation is 0.5 manSv, and based
on the latest experience on French plants and German Konvoi plants it is very much
possible to stay below this level. Guides YVL 7.18 and YVL C.1 set the general
requirement for plant design for the plant’s normal operation at 0.5 manSv/GW (i.e.
0.8 manSvfor the Olkiluoto 3 nuclear power plant unit) per year calculated as a mean
value over the designed operational life of the plant.
FSAR Chapter 12, subsection 12.4, and the supporting topical reports assess in
detail the radiation doses received by the workers by worker groups and working
areas both in the reactor building and buildings outside of it. The assessment has
been conducted in accordance with YVL guides YVL 7.18 and YVL C.1.
Dose assessments take into account the various kinds of annual outages (outage
with refuelling only, outage with partial maintenance, outage with extended
maintenance) and their timing (12, 18 or 24 months) as well as work conducted
during operation. The calculations determine the estimated working area dose rates
and employee hours as the basis for the dose assessments.
The annual dose accumulated in the reactor building is estimated to be approximately
280 manmSv (annual outage cycle 12 months) or approximately 240 manmSv
(annual outage cycle 18 months) of which the annual dose during operation is
approximately 23 manmSv. The biggest contributors to the dose are reactor work,
steam generator and pressurizer work, support work (e.g. cleaning, racks and
insulation) and valve and pump work.
The radiation dose caused by buildings outside the reactor building is estimated to be
93 manmSv in a year. It consists of work performed in the controlled area, e.g. in the
radioactive waste processing building, fuel building and the reactor plant auxiliary
building.
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Based on the dose assessments by the FSAR, it is possible to stay well below the
average collective annual dose of 0.5 manSv/GW (0.8 manSv for the
Olkiluoto 3 -nuclear power plant unit) required in Guides YVL 7.18 and YVL C.1.
According to the FSAR, it is difficult to assess the highest personal doses. Based on
the experience gained from the Konvoi plants, the highest individual annual dose has
never exceeded 5 mSv.
The purpose of the radiation protection programme for the Olkiluoto 3 nuclear power
plant unit described in FSAR Chapter 12.6 is to keep the individual occupational
doses, collective doses, population doses and releases to a minimum and well below
the regulation limits in accordance with the spirit of the ALARA principle. The
radiation protection programme includes, for example, general principles for work in
the controlled area, radiation protection premises, equipment and accessories as well
as the measurement of the radiation doses and contamination.
The radiation protection programme is consistent with the instructions provided in the
Olkiluoto power plant’s radiation protection manual. The principles and procedures of
the radiation protection operations are described in the general radiation protection
instructions and the associated specific instructions provided in the radiation
protection manual.
Part of the radiation protection manual, the ALARA programme includes a section on
the Olkiluoto 3 nuclear power plant unit that considers the radiation protection
objectives, limitation of radiation doses, water chemistry and radiochemistry, process
design and operational activities. In accordance with the ALARA programme, the
agreement between TVO and the plant supplier sets the target value for the annual
dose at 0.5 manSv, i.e. tighter than the level required in the YVL Guide. The target
set for the highest individual dose is under 5 mSv under normal conditions. The
constraint on the annual dose caused by internal contamination is 0.5 mSv.
STUK has, by decision 3/C41302/2016, 1 April 2016, issued TVO’s dosimetry service
with a continued approval for a fixed term until 1 April 2021. The approval covers the
Olkiluoto 1 and 2 nuclear power plant units as well as the Olkiluoto 3 nuclear power
plant unit. In addition to photon and beta radiation, the approval also applies to the
measurement of neutron radiation with thermoluminescent dosimeters. TVO
investigated the need and procedure for measuring the equivalent dose for the lens
of the eye in a power plant environment during the 2017 and 2018 annual outages of
the Olkiluoto 1 and 2 nuclear power plant units. The need for eye dosimeter in a
particular work task is assessed when the work permit is issued, and also at the work
place, when necessary.
12.6

Radiation measurements
A description of the plant unit’s radiation monitoring system is appended to the FSAR
Chapter 7. The system includes process radioactivity measurements used, for
example, to monitor the integrity of the interface between the primary and secondary
circuits, measurements of radioactivity in the air, release measurements (see Chapter
11) and measurements used during accidents. The extensive measurement system
includes approximately 150 individual measurement points.
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Radiation safety in the working areas is monitored through dose rate measurements
and measurements of the concentrations of airborne radioactive material. Stationary
measuring systems for external radiation dose measurements have been placed in
particular in such accessible rooms in the controlled area where significant increases
in dose rates are possible. The containment atmosphere dose rate is also monitored
through two stationary monitors qualified for severe accidents, one of which is located
inside and the other one outside the containment.
The activity concentration of airborne particulate substances, iodine and noble gases
is measured in the ventilation systems of various buildings and, in particular, such
working areas in the controlled area where the air may contain radioactive material in
amounts significant for the occupational doses. In addition, the tritium concentration
in the containment is measured.
The implementing decision of Guide YVL C.6 approves two deviations. The radiation
measurements of the fuel storage facility, fuel elevator, fuelling machine and spent
fuel mast bridge do not need to meet the single failure criterion because the same
level of safety is achieved through other radiation measurements verifying the
aforementioned measurements. It also approves the replacement of stationary
radioactivity measurement of the primary coolant purification system with samplingbased monitoring. According to TVO, this provides for higher accuracy than
continuous monitoring. STUK finds that the requirement level in Section 24 of
regulation Y/1/2016 on radiation measurements and the monitoring of radioactive
releases is achieved.
In addition to the stationary measurements described above, the plant unit has
portable monitoring equipment for the measurement of radiation dose, dose rate and
activity. Furthermore, there are dosimeters for the monitoring of radiation exposure of
personnel working in the controlled area and stationary monitors for the
contamination measurements of personnel and material leaving the controlled area.
12.7

Review result
FSAR Chapter 12 provides a sufficient description of the radiation protection of plant
workers. It is possible to keep the workers’ annual doses well below the dose limits
laid down in the Government Decree on Ionizing Radiation (1034/2018) and the
general requirement for plant design for collective dose stated in the Guides YVL
7.18 and YVL C.1. The estimated average annual collective dose would be
approximately 0.4 manSv. The ALARA principle has been followed extensively both
in the design of the plant unit and the radiation protection programme.
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13

Operation

13.1

Introduction
Chapter 13, “Conduct of Operations”, of the Final Safety Analysis Report deals with
the conduct of operations at the nuclear power plant unit. The chapter describes, for
example, the license applicant’s organisation, essential training principles,
procedures guiding the operation of the plant unit and some basic principles related
to plant operation.
In addition to Chapter 13 of the safety analysis report, the inspection considered
appendices and support material, provided by TVO and related to the chapter, of
which the most significant are as follows: CP 2.7 Commissioning Manual: Training of
TVO staff during Commissioning (NECC DC151, rev. A), OL3 Henkilöstön
koulutussuunnitelma (“Personnel training plan for OL3”) (OL3-0000121851, v. 10)
and OL3 Ohjaajien ensimmäinen lisensiointirutiini (“First licensing routine for OL3
operators”) (168539, v. 2).
In the new YVL guides, requirements for operational activities are given in Guide YVL
A.6 “Conduct of operations at a nuclear power plant”. Guide YVL A.6 is largely new
since detailed official requirements on the procedures for the conduct of operations
have not been presented previously. However, the requirements set forth in Guide
YVL A.6 are not significantly different from the procedures for the conduct of
operations already in place.

13.2

Organisation
The organisation of the Olkiluoto 3 nuclear power plant unit is an integral part of TVO
Group that also includes the Olkiluoto 1 and 2 nuclear power plant units and Posiva.
The total number of personnel is approximately 800. The organisation is described in
general in FSAR Chapter 13 and in detail in TVO’s organisational manual and
administrative rule. All nuclear power plant units shall have the same responsible
manager. The organisational manual describes the organisational structures,
responsibilities and duties in various units as well as the principles upon which the
organisation functions. The Electricity Production business unit is responsible for, for
example, the commissioning, operation, maintenance, operations support and
training of the control room personnel in terms of plant and operating technology. The
Operations unit belongs to the Electricity Production business unit and is responsible
for the operation of the Olkiluoto 1, 2 and 3 nuclear power plant units and spent fuel
storage.
FSAR Chapter 13 describes how the plant satisfies requirements set forth in Guide
YVL 1.7 “Functions important to nuclear power plant safety, and training and
qualification of personnel”. The Olkiluoto 3 nuclear power plant unit operates in seven
shifts with a minimum of five workers, i.e. shift supervisor, operators and field
operators, per shift. Shift supervisors and operators working in the control room and
the operations engineers serving as the shift supervisors’ immediate superiors must
be approved to work in the task in question by STUK.
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13.3

Training and competence of the personnel

13.3.1

Description of the training activities
According to the training section in the Final Safety Analysis Report of the Olkiluoto 3
nuclear power plant unit, the training covers all groups of personnel with duties that
include plant operation, maintenance, technical support or management. The
essential contents of the training include the nuclear and turbine islands and their
auxiliary systems. The training consists of theoretical and practical training at both the
operating plant units and in the commissioning of the Olkiluoto 3 -nuclear power plant
unit, simulator training and I&C training.
According to the training policy, each individual is responsible for the development
and maintenance of competence, and each organisational unit has obligations
concerning training. TVO’s senior management determines the principles and goals
for the competence development and creates preconditions for the implementation of
the training. The supervisors, in cooperation with the employees, are responsible for
competence development in the practical level. TVO’s training unit supports the line
organisation in training activities. It is responsible for coordinating the training
requirements, organising the training in cooperation with experts, organising training
in accordance with other training needs identified, coordinating the training activities
and maintaining a training register.
The goals, contents and methods of the training pertaining to the Olkiluoto 3 nuclear
power plant unit are determined by the plant supplier based on previous experiences.
Probabilistic risk assessment (PRA) has been used in planning the training. During
the training, the learning outcome is assessed through various situation-specific
methods such as tests, group work and presentations.

13.3.2

Practical training in connection with the commissioning
So-called “On-the-job training” (OJT), i.e. practical training through working together
with others, plays an important role in developing the TVO personnel’s level of
familiarisation and other expertise with the Olkiluoto 3 nuclear power plant unit. OJT
in connection with the commissioning prepares TVO personnel for subsequent
operational activities. OJT pays attention to good ways of working and development
of work practices in accordance with the safety culture. OJT is based on working
together, coaching and immediate intervention if shortcomings are identified.

13.3.3

Training for operating personnel
The training of the shift teams for the Olkiluoto 3 nuclear power plant unit began with
TVO’s normal introductory training and general training in the use of nuclear energy,
including nuclear safety training. In the next phase, the training focused on the
technology and administrative practices in the plant to be. The last phase of the
training consists of simulator training covering both normal operation and
emergencies and operational occurrences. In addition, the operating personnel
participate in the development of the operating procedures, including the abnormal
and emergency operating procedures. This increases the operating personnel’s
competence in the operation of the plant. In connection with the training, the
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operating personnel demonstrate their competence through a written examination,
demonstration of professional skills and oral examination.
13.3.4

Training resources
Training activities are centralised in the Olkiluoto training centre with classroom
facilities and a full-scale training simulator for Olkiluoto 3. The training centre will also
have a designated simulator for the maintenance of the automation at the Olkiluoto 3
nuclear power plant unit.
The training centre also has hands-on training facilities to practise, for example,
operation with the electrical cabinets and manual fire extinguishing equipment.

13.3.5

Planning, evaluation and development of training
Training is based on individual training plans prepared considering the competence
requirements for the work duties of the individual. Personal plans are reviewed
regularly in discussions between the individual and supervisor.
Training requirements are monitored in order to evaluate the realisation of the plans.
In addition, the evaluation includes the trainee’s assessment of the training.
Participation in training is recorded in an electronic training register (TAITO system).
At the Group level, the planning of training is carried out as part of the annual training
plan. As a base for the planning, the need for training in each organisational unit is
determined. The training unit prepares the annual training plan based on the training
needs identified.

13.4

Assessment and auditing activities
TVO’s activities are verified regularly through various self-assessments and
independent assessments. According to TVO, auditing is carried out to ensure
compliance with the practices described in the management system or suppliers’
quality management systems, management expectations, official procedures and
regulations as well as laws and decrees. Audits are performed as internal audits,
supplier audits, independent audits by outside experts and management system
assessments. Audit results are processed at management reviews twice annually.
Self-assessment of activities is carried out, for example, by means of organisational
self-assessments, work atmosphere surveys and management system assessments.
Self-assessment is an activity intended for internal use and performed based on predetermined criteria to identify targets for improvement.
Third-party assessments include, for example, assessments for a management
system standard like ISO 9001, ISO 14001, EMAS 721/2001 or OHSAS 18001.
Management reviews are held twice a year. The subjects reviewed include quality
management, environmental management, occupational health and safety
management and nuclear safety management.
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13.5

Plant procedures
According to FSAR Chapter 13, the instructions guiding the conduct of operations at
the plant are mainly compiled in the operating and testing manual, chemistry manual
and the manual containing the operating and maintenance instructions for the
components. The instructions include both the technical procedures for the plant as
well as the administrative procedures guiding the activities of the licence holder.
The administrative procedures included in the operating manual have been
determined and prepared using the procedures for the operating Olkiluoto 1 and 2
nuclear power plant units by updating applicable procedures to cover the Olkiluoto 3
nuclear power plant unit. The updates take into account the differences between
pressurised and boiling water reactors. In addition, new procedures have been
prepared for the Olkiluoto 3 nuclear power plant unit where deemed necessary.
The plant-specific operating procedures used by the operators include the operating
procedures for normal operation and for abnormal and emergency operation . The
abnormal and emergency operating procedures also include procedures for diagnosis
of operational occurrences and emergencies as well as procedures for monitoring of
the status of the safety functions. The emergency procedures are divided into event
and symptom based instructions. In addition to the operating manual procedures
mentioned here, the Olkiluoto 3 nuclear power plant unit also has separate severe
accident management guidance.
The plant’s operating procedures for normal operation and the abnormal and
emergency operating procedures are presented in a flow chart format making it
clearer and easier for the operators to understand the relationship between the
different actions they perform. The flow charts include references to operator-specific
procedures providing detailed instructions for the necessary operator actions in the
form of check lists.
In addition to the plant-level operating procedures, the operating manual includes
system operating procedures providing instructions for, for example, single system
line-up, start-up and shutdown as well as alarm information sheets including the
cause and consequences of the alarm and the necessary measures. Furthermore, a
separate testing manual provides instructions for the periodic tests and inspections
and their frequency.
The procedures provided in the operating and testing manual of the Olkiluoto 3
nuclear power plant unit are in an electronic format which, for example, makes it
quicker and easier to find the instructions or information required. In addition,
electronic instructions make it possible to present up-to-date process parameter
values, thus eliminating the need to obtain them elsewhere. In case of a failure in the
electronic operating manual system, there are also printed paper operating
procedures in the control room, the layout and content of which are identical to those
of the corresponding electronic procedures.
The plant-specific operating procedures used by the operators are validated with a
replica training simulator before use in the operator training. The objective of the
validation of the procedures is to demonstrate that the operating procedures are
suitable for the purpose. In addition to this, the operating procedures for normal
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operation, in particular, are validated during the commissioning of the plant unit
described in more detail in Chapter 14 of the Final Safety Analysis Report.
13.6

Principles of normal operation of the plant
Chapter 13 of the Final Safety Analysis Report also contains a description of the
principles of normal operation of the plant. The chapter provides a general description
of the shutdown of the plant, refuelling, plant’s start-up, power operation and stretchout. STUK finds the description sufficient with regard to FSAR Chapter 13.
In addition to the aforementioned topics, the chapter on the conduct of operations
contains a brief description of the content of the emergency plan (subsection 13.3).

13.7

Review result
Chapter 13 of the Final Safety Analysis Report includes a brief presentation of the
organisational activities during operation. It provides a general description of TVO’s
organisational structures, responsibilities and safety-important functions related to the
conduct of operations at the Olkiluoto 3 nuclear power plant unit. During its annual
inspections, STUK has evaluated the activities of the management and adequacy of
the personnel. As the commissioning of the Olkiluoto 3 nuclear power plant unit
continues, TVO’s organisation will operate in the manner presented in FSAR Chapter
13. The actual in-service organisation will form only after the responsibility is
transferred from the plant supplier to TVO and the project is completed. At the end
stage of the construction project, the plant supplier, Olkiluoto 3 project and Electricity
Production are responsible for the project for their respective parts.
The resource estimates provided in FSAR Chapter 13 are very rough. The majority of
the resources come from the existing competence and service centres. STUK will
monitor the correct distribution of resources between the various plant units and tasks
also in future.
The training procedures and training plans presented in FSAR Chapter 13.2 are
extensive and fulfil the requirements of Guides YVL 1.6 and 1.7. Basically, the
section on training in the Final Safety Analysis Report of the Olkiluoto 3 nuclear
power plant unit describes the training procedures. The documentation does not
contain a report on the implementation or efficiency of the training. Therefore, it is
impossible to assess the competence of the personnel on the basis of the
documentation. Instead, the assessment focuses on the training activity procedures
facilitating the development of competence. The procedures presented in the
documentation are appropriate and facilitate the development of competence and
expertise required for safe operation of the nuclear power plant.
Based on the description provided in the safety analysis report, the plant procedures
are extensive, and the full scope of the procedures takes into account possible
operational occurrences, emergencies and severe accidents, striving to mitigate the
consequences thereof.
Based on the review, STUK finds that the description provided in Chapter 13 of the
Final Safety Analysis Report is extensive and in compliance with the requirements set
forth in STUK’s safety regulation Y/1/2016 and YVL guides to the extent possible at
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this stage. The preparations for the conduct of operations are still in progress
especially regarding the demonstration that the plant operating procedures are
appropriate for their intended purpose.. Before the start of operations, STUK will
ensure that the plant has the procedures required for safe operation in place.
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14

Commissioning

14.1

Regulations
Radiation and Nuclear Safety Authority Regulation on the Safety of a Nuclear Power
Plant (STUK Y/1/2016, Section 19) sets requirements on the commissioning of a
nuclear power plant. The requirements are further specified in Guide YVL 2.5.
In the new YVL guides, the requirements are specified in Guide YVL A.5.
“Construction and commissioning of a nuclear facility”. The guide does not contain
any significant new requirements regarding commissioning.

14.2

General
The goal is to ensure, as far as possible, in connection with the commissioning of a
nuclear power plant that the plant systems operate as intended both on their own and
together and that the operating instructions are sufficient for safe operation of the
plant. In addition, commissioning phase is an important stage in the training of the
operating personnel.
The commissioning plans for the plant unit are described in Chapter 14, “Plant
Commissioning”, of the Final Safety Analysis Report. The commissioning plans
describe the measures whose purpose is to demonstrate and verify the
appropriateness of the licence holder’s organisation as well as the planned operation
and safe use of the plant systems, structures and equipment.

14.3

Organisation
TVO purchased the Olkiluoto 3 nuclear power plant unit as a turnkey delivery
whereupon the plant supplier is responsible also for commissioning. As the licence
holder, TVO is responsible for nuclear and radiation safety in the commissioning
phase. The plant supplier has overall responsibility for the coordination of the
commissioning. TVO’s organisation is described in more detail in FSAR Chapter 13,
“Conduct of Operations”, and the “Teollisuuden Voima Oyj (TVO), Organisation
Manual” submitted appended to it.
The plant supplier’s commissioning organisation is described in the plant supplier’s
commissioning manual, the licence holder’s organisation in TVO’s commissioning
manual. With regard to commissioning, the plant supplier’s organisation is divided
into the following three groups: nuclear island commissioning group, turbine island
commissioning group and general commissioning group. The duties of the
commissioning organisation include management of the commissioning testing,
coordination, execution and reporting. The licence holder has a separate
commissioning sub-project, which is responsible for the control and monitoring of the
commissioning testing and commissioning by reviewing of the commissioning
programmes and participating in the commissioning testing, for example. In addition,
there is an integrated operating organisation formed jointly by the plant supplier and
TVO, which is responsible for the operation of the plant and supports the
commissioning organisation during the commissioning. TVO’s operating personnel
shall participate in the commissioning and have the opportunity to familiarise
themselves with the operation of the plant, operating procedures and other
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operational documentation. It is the duty of the Operations to participate in the
commissioning testing of the components and systems during the various phases of
commissioning. The Operations shall be involved in preparing for and performing the
tests and analysing the results.
The licence holder and plant supplier shall organise regular briefing meetings to
ensure the transfer of information between the various groups and organisations.
14.4

Scope of the pre-operational testing
According to the Final Safety Analysis Report, the commissioning is divided into two
parts: pre-operational commissioning testing before nuclear use and nuclear
commissioning. Commissioning before nuclear use is divided into two phases. The
purpose of phase A is to ensure the operability of individual components and
systems. As a rule, system performance tests are conducted before the core loading
in accordance with the test programmes. However, for some systems, like the
neutron flux measurement system, the final commissioning testing can only be
conducted after fuel loading. Primary circuit flushing and cold functional tests with the
reactor pressure vessel open are conducted at the end of phase A. Phase B includes
compatibility tests of the systems conducted as cold and hot functional tests
including, for example, the reactor pressure vessel pressure test and reactor and
turbine island performance tests conducted using heat produced by the nuclear
island. Except for fuel and the control rods, the reactor internals will be in place
during the hot and cold functional tests in phase B. The control rods are installed in
place before the core loading.
The nuclear commissioning of the plant is divided into three phases. The nuclear use
of the plant begins from commissioning phase C. Phase C begins by core loading
followed by hot functional tests where the process is heated using the main coolant
pumps, with the reactor remaining sub-critical all the time. In phase D, the reactor is
made critical for the first time, and the operation of the plant is tested at different
power levels up to full power. After the first criticality follows low power tests at 0–5%
power level, followed by gradual power escalation 30–60–80–100%. Transient tests
are conducted at different levels, and commissioning phase D ends with a 24-hour
performance test. Phase E consists of the so-called demonstration test lasting for 30
days. The test includes running the reactor continuously at 100% power for a
minimum of ten days. In addition, the phase includes a test where the plant is brought
from full power into cold shutdown condition provided that the test has not been
conducted at an earlier stage of the commissioning.
The test plans and acceptance criteria for the tests conducted in the various
commissioning phases are described in more detail in the system and phase
commissioning programmes.
The commissioning plan of the Olkiluoto 3 nuclear power plant unit utilises the plant
supplier’s operating experience of the N4 and Konvoi nuclear power plants. The
Olkiluoto 3 nuclear power plant unit is among the first EPR type plants to be built, so
the plant supplier does not have specific experience on the commissioning of the
plant type. Therefore, there are plant-specific tests, or so-called FOAK (First of a

Radiation and Nuclear Safety Authority

Review report

111(146)
43/G42242/2016

February 15, 2019

Kind) tests, specified in the overall plant commissioning programme and detailed test
programmes.
The FOAK tests are specified, and the test programme defines possible additional
requirements to ensure plant and personnel safety. Special measuring instruments
may be required in addition to the plant instrumentation in order to execute the tests.
The plant supplier will execute the FOAK tests according to a separate plan.
14.5

Pre-operational testing programmes
Commissioning testing is conducted according to pre-determined test programmes
and testing procedures. Test programmes and testing instructions are prepared and
reviewed in accordance with the plant supplier and licence holder instructions.
Depending on the safety category, they may also require a regulatory review by
authorities.
Plans related to commissioning testing for commissioning originate from a whole
where the overall plant commissioning programme provides an upper-level
description of the commissioning phases and their key goals and procedures. Phase
commissioning programmes for commissioning compile the tests to be conducted
during phases B–E or their sub-phases in performance order. Detailed system testing
programmes describe the tests performed and their preconditions and acceptance
criteria. The tests presented in the system testing programmes contain references to
detailed commissioning test instructions that describe the testing in practice.
Furthermore, there are plant-specific operating instructions the validation of which is
presented as part of the test programme tests.
The instructions to be followed during the commissioning are those given in the plant
supplier’s commissioning manual and other project instructions. In addition, the
licence holder has additional instructions concerning its own activities.

14.6

Operating procedures
The goal of the commissioning is to demonstrate that the plant, individual
components and systems fulfil the design criteria and the safety functions are
executed in a reliable manner. In connection with the commissioning testing, also
procedures relating to the conduct of operations are validated as applicable. The
procedures to be validated include instructions from, for example, operating
procedures, procedures for abnormal conditions and periodic test procedures. A
simulator is also used in the validation of the procedures.

14.7

Reporting of the commissioning testing results
Test-specific result forms are completed during the testing and used to compile result
documentation on the test steps. Based on the system’s test step result documents,
the plant supplier prepares system result reports that describe the tests conducted on
the system and the acceptability of the results thereof with respect to the acceptance
criteria in the test programme and provide brief descriptions of deviations and any
corrective measures. Subject to the safety category, the result reports are submitted
for regulatory review by authorities. In addition, STUK monitors the tests during
commissioning at the plant site through regular inspection visits.
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14.8

Quality management of the commissioning phase
Quality management of the commissioning is described in FSAR Chapter 17, “Quality
Assurance”. TVO’s project quality manual has been replaced with the project quality
plan in the commissioning phase. The quality plan describes the quality management
system during the construction and commissioning. It is used to ensure that the
procedures of the Olkiluoto 3 project phase and other procedures of TVO pertaining
to the Olkiluoto 3 project cover all the activities in the project. The descriptions of the
main processes of the Olkiluoto 3 nuclear power plant unit have been prepared
specifically for each sub-project. Commissioning is a sub-project. In addition to the
description, a commissioning supervision and control process has been specified
because TVO’s role in the commissioning includes supervision and control of
commissioning from the licence holder’s part. It is the licence holder’s responsibility to
ensure that the components and systems are tested with due consideration to their
safety significance, that the results fulfil the requirements set for them and that the
data is saved.
The project-specific quality plans of Areva and Siemens have been supplemented
also to include the commissioning activities. The commissioning instructions included
in the Olkiluoto 3 nuclear power plant unit’s management system are presented in the
commissioning manual. According to the commissioning plan, TVO is obliged to
monitor and assess the commissioning activities of all the suppliers.

14.9

Review result
In light of the review, the description of the commissioning provided in Chapter 14
(version B) of the Final Safety Analysis Report is found to be extensive and in
compliance with the requirements set forth in STUK’s safety regulation Y/1/2016 and
Guide YVL 2.5 to the extent possible at this stage of the commissioning. The
commissioning of the Olkiluoto 3 nuclear power plant unit is still in progress, and a
summary of the testing results shall be appended to the Final Safety Analysis Report
once the commissioning is completed.
Both the technical and organisational parts of the Final Safety Analysis Report are
sufficient in detail and justification. Appropriate design, construction and safe
operation of the plant can be verified on the basis of the commissioning plan
described in the report. The FSAR describes the timing of the commissioning phases
and their key objectives. Procedures relating to the conduct of operations are
validated as applicable in the various phases of the commissioning. The procedures
to be validated include operating procedures, procedures for abnormal conditions and
periodic test procedures. The emergency operating procedures are validated and
verified according to the plans using a plant simulator.
As regards the submission schedule for the result reports, STUK has approved a
deviation from the two-month submission time set forth in the YVL Guide. The
deviation applies to commissioning testing conducted before the fuel loading and
result reports thereof that, according to the exemption, must be submitted to STUK
within five months of the completion of the testing.
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15

Accident analyses

15.1

Introduction

15.1.1

Differences between the new and old YVL guides
The requirements concerning the carrying out of the analyses (analysis assumptions,
events to be analysed) are presented in Guide YVL B.3. Acceptance criteria are
presented in various guides, such as YVL B.4 Nuclear fuel and reactor, YVL B.5
Reactor coolant circuit of a nuclear power plant and YVL B.6 Containment of a
nuclear power plant. Criteria are also presented in the STUK regulations and YVL
Guide YVL B.1.
The most important observations with regard to the implementation of the new guides
are as follows:
•

•

•

15.1.2

In Guide YVL B.3, the requirement concerning the loss of the external grid is
more categorical than before as it is, according to Guide YVL 2.2, a “typical
example of additional fault to be analysed”. In the implementation of the new
guides, it has been required that a steam pipe break be analysed taking the
requirement into account by the start of commercial operation. The requirement
was presented in the decision concerning Guide YVL B.1, and the analysis has
been submitted to STUK in conjunction with the updating of the operating licence
documentation.
The overpressure protection analyses must be conducted according to Guide
YVL B.3, and the FSAR must, in this regard, be updated by the periodic safety
review. The deadline is long because the analyses already fulfil the requirements
set forth in Guide YVL B.3, even with the differences in the assumptions. The
requirement is presented in the implementing decision of Guide YVL B.5.
Guide YVL B.4 sets an exact limit value (0.1%) for the maximum number of fuel
failures caused by mechanical interaction between nuclear fuel and cladding
(PCMI). A similar requirement was presented in Guide YVL 6.2 in a more general
wording. In accordance with the implementing decision, TVO has submitted a
separate analysis of the number of PCMI failures in a class 1 postulated accident.
The analysis shows that the number of damaged rods remains well below 0.1%
and requirement 416 of Guide YVL B.4 is, therefore, fulfilled.

Analysed events
FSAR Chapter 15 presents the analyses of the plant’s behaviour during operational
occurrences and accidents and analyses of radiation impacts thereof.
The events discussed in operational occurrence and accident analyses are divided
into the following categories based on their anticipated frequency of occurrence:
normal operation, anticipated operational occurrences, postulated accidents (class 1
and 2) and severe accidents. Event combinations that cannot be naturally classified
based on the frequency of their initiating events are also analysed. The purpose of
these analyses is to justify sufficient diversity of safety functions and demonstrate that
there exist no threshold phenomena immediately beyond the design basis events that
would compromise the plant unit’s safety. These situations are referred to as Design
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Extension Conditions (DEC), which also include rare external events, such as aircraft
crashes.
The analysed initiating events have been grouped further into six types of events
based on the physical phenomena observed:
•
•
•
•
•
•

decreased heat transfer to secondary circuit
increased heat transfer to secondary circuit
decreased main circulation flow
reactivity and power disturbances
increased volume of primary coolant
loss of primary coolant.

The events have been analysed in different operational situations of the plant: normal
power operation situations, plant shutdown or start-up, hot and cold standby
situations and outages where the reactor vessel may be open or closed. In the
context of all events, the long-term coolability of fuel has also been analysed. In
addition, overpressure protection analyses have been conducted both on the primary
and secondary circuits with plant parameters and other assumptions that have the
most unfavourable effect on the pressure.
15.1.3

Assumptions of analyses and acceptance criteria
For each event category, the assumptions used in the analyses and acceptance
criteria have been specified. The initial and boundary conditions of the accident
analyses are chosen as to produce an unfavourable end result in terms of the
acceptance criteria so that the uncertainties related to design and analyses can be
covered with sufficient reliability.
The initial values of the analyses are presented with the analyses and in FSAR
Appendix C2.1.1. The conservativeness of the initial values and plant parameters is
justified in topical report E1070 and, in more detail, in the accident group-specific
methodology reports in FSAR Appendix C1.
The acceptance criteria used are the fuel criteria set forth in Guide YVL 6.2 for the
operational occurrence and accident analyses and the maximum pressure limits set
forth in Guide YVL 2.4 for the overpressure protection analyses. The new guides
include some mitigation to the acceptance criteria, but mainly the criteria are the
same.

15.1.4

Calculation models
The plant supplier has used distinct calculation models in the operational occurrence,
accident, containment and severe accident analyses. The descriptions and
qualification of the calculation models are presented in FSAR Appendix C3.
For operational occurrence and accident analyses unrelated to loss of coolant,
calculation methods that model the plant’s primary and secondary circuit in detail are
used. In order to calculate fuel power, these models were used to model neutron
kinetics either in point-form, one-dimensionally or three-dimensionally, depending on
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the problem being calculated. The programmes also include thermal hydraulics and
fuel heat transfer models as appropriate. These programmes are used to calculate a
fuel rod’s power and margin on heat transfer crisis. In situations of rapid power
changes, the fuel rod’s energy increase (maximum enthalpy) is calculated.
Loss-of-coolant accidents are calculated using programmes with detailed plant
modelling, detailed thermohydraulic models and appropriate models for reactor power
calculation and fuel heat transfer. These calculation programmes are used to assess
the coolability of fuel, meaning the maximum temperature and oxidation of the fuel
cladding.
The mechanical behaviour of fuel is described with calculation methods that can be
used to calculate, for example, the plastic deformation, ballooning and rupture of the
fuel cladding, oxidation and hydriding, cladding creep and stresses on the cladding.
The boundary conditions related to thermal hydraulics needed for the calculation
method are obtained from models used in operational occurrence and accident
analyses. The programmes can be used to assess the damage ratio of fuel rods in
the core, also taking into account fuel burn-up.
The pressure and temperature loads on the containment during accident conditions
are assessed using calculation methods that model the pressurisation and heat
transfer to structures due to steam and water discharged into the containment. The
calculation models related to the containment behaviour describe both the
containment and the systems immediately connected to it.
Analyses of severe reactor accidents have been drawn up with calculation software
and manual calculations that are based on test results. The plant supplier has used
different types of calculation software to analyse the different stages of a severe
reactor accident and associated phenomena. Analyses of severe reactor accidents
cover all stages of a severe reactor accident from the beginning of the accident to
long-term molten material management and ensuring the containment safety
function.
For the analysis of radiation doses to members of the public due to operational
occurrences and accidents, the plant supplier has used calculation programmes that
model the passage of radioactive material in the nuclear power plant’s containment
and in the environment as well as assess the subsequent radiation doses to the most
exposed member of the public.
The calculation models used in the analyses have been described with sufficient
accuracy and qualified for the parameter range in which the calculation models have
been used. The qualification was performed by comparing the calculated results with
observations made in real plant situations and with operational occurrences and
accidents simulated with test equipment.
15.1.5

Comparison analyses
In addition to the analyses submitted by the plant supplier, STUK has commissioned
comparative analyses with independent calculation models, which have provided
additional confirmation of the sufficiency of the calculation models used by the plant
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supplier and the analyses prepared using them. The verifying analyses have been
updated after plant changes.
15.1.6

Inspection by the licence holder
The licence holder’s accident group-specific FSAR analyses inspection memoranda
have been submitted in connection with the operating licence application. The
inspection memoranda review the event and system assumptions, fault criteria and
acceptance criteria used in the analyses and their fulfilment as well as TVO’s
inspection comments.

15.2

Operational occurrence and accident condition analyses

15.2.1

Loss-of-coolant accidents and primary-secondary leaks
A loss-of-coolant accident is caused by the failure of a pressure-retaining primary
circuit structure. Primary coolant is released into the containment through the failed
structure. Loss of primary coolant may lead to reactor core uncovery and fuel failure
due to overheating if the actuation of the safety functions fails. Deterministic
operational occurrence and accident analyses are used to demonstrate the adequacy
of the functions planned for leak management in preventing fuel failures in
accordance with the accident class-specific acceptance criteria.
Situations that can be managed by the systems designed for normal plant control
have been considered as operational occurrences.
Small leaks in the primary circuit and inadvertent opening of the pressurizer safety
valve have been addressed as class 1 postulated accidents.
In addition to a medium-size leak in the primary circuit, a complete break of the
primary circuit main coolant piping and a pipe break in the decay heat removal
system outside the containment during shutdown have been analysed as class 2
postulated accidents.
Small primary circuit leaks in combination with common failures of safety systems
necessary for the management of the situation and a pipe break in the decay heat
removal system outside the containment during outage have been considered as
design extension conditions.
After the construction licence application, the most significant plant modification
related to the management of loss-of-coolant accidents is the increase of the rate of
cooling of primary circuit cooling through the steam generators from 100 K/h to 250
K/h. The modification was made to have the water seal of the primary circuit’s cold
leg empty at an earlier stage of an accident and to increase the safety margin of fuel
cooling.
In addition to the conservative calculation method, the analysis of a complete break
of main coolant piping has been conducted using the so-called “best estimate plus
uncertainty” method. Guide YVL B.3 currently in force allows the use of this analysis
method that the previous YVL guides did not allow. The method entails selecting the
parameters the value of which are varied statistically, and the result provides a
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certain probability with a given certainty that the result will not exceed the target
value. In the analysis of a complete break of main coolant piping, parameters related
to the plant status, fuel and calculation models have been varied. The number of
varied parameters is 61, and the number of calculations performed is 59. This
number of calculation cases provides a 95% certainty that the probability of the fuel
cladding temperature not exceeding the acceptance criterion is 95%. The number of
damaged fuel rods in case of a complete main coolant piping break has been
assessed. According to the results, approximately 0.5% of the fuel rods will be
damaged in a conservative case.
After the operating licence application, the plant supplier stated that the estimation of
the amount of heat sink steel in the containment given in the FSAR is incorrect. The
amount of steel is higher than that estimated, so the containment pressure against
leaks is lower and the temperature of the fuel cladding is higher. The calculation
methodology for a complete main coolant piping break has been further specified, the
calculation results have been updated, and updated analysis reports have been
submitted to STUK.
In connection with smaller primary circuit leaks, water containing some reactivity
poison (boron) may accumulate in the primary circuit in the main coolant piping
section below the steam generators. If this water starts to flow towards the reactor
and reaches the reactor core unmixed, the result can be a reactivity accident. These
situations have been analysed quite extensively in the Final Safety Analysis Report.
The analyses also benefit from research results obtained after the granting of the
construction licence application.
Loss-of-coolant accidents have been analysed extensively and conservatively in
accordance with the YVL guides. The results fulfil the acceptance criteria set forth in
the YVL guides.
STUK has commissioned independent comparison analyses from VTT in order to, for
example, identify which of the medium-size leaks is the most challenging from the
management point of view. Independent comparison analysis on a complete break of
main coolant piping has also been commissioned, and the number of fuel rod failures
has been assessed. The results of the comparison analyses fulfil the acceptance
criteria set forth in the YVL guides, so they support the conclusions drawn by the
plant supplier.
Primary-secondary leaks are a special type of loss-of-coolant accidents inherent to
pressurised water reactors, brought about by a leak in the steam generator heat
transfer tubes acting as a pressure-retaining primary circuit structure. In this case,
primary coolant flows to the secondary side of the steam generators and potentially to
the outside of the containment through the blow-off or safety valves in the main
steam lines. This is a challenging situation to manage because, on the one hand, any
radioactive material in the primary coolant must be prevented from getting to the
outside of the containment and, on the other hand, the flow of the secondary circuit
water without reactivity poison from the damaged steam generator to the primary
circuit must be prevented. Furthermore, attention must be paid so as not to pump all
the emergency cooling water in the containment through the leak to the outside of the
containment, thus leaving no water for the cooling of the reactor.
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Rupture of one heat transfer tube in one steam generator with the assumption that all
plant systems operate normally has been considered as an operational occurrence.
Rupture of one heat transfer tube of one steam generator has been considered as a
class 1 postulated accident.
Rupture of two heat transfer tubes in one steam generator has been considered as a
class 2 postulated accident.
Rupture of ten heat transfer tubes in one steam generator, break of one heat transfer
tube in one steam generator together with failure to isolate the steam generator in
question and break of one heat transfer tube in one steam generator together with
simultaneous break of steam line connected to the steam generator in question have
been considered as design extension conditions.
After the granting of the construction licence, the automatic functions necessary for
primary-secondary leak management were modified to ensure further that under no
circumstances does water without reactivity poison flow in excess from the damaged
steam generator to the primary circuit.
Primary-secondary leaks have been analysed extensively and conservatively in
accordance with the YVL guides. The results fulfil the acceptance criteria set forth in
the YVL guides.
STUK has commissioned independent comparison analyses from VTT to verify the
estimated amount of primary coolant escaping to the outside of the containment and,
furthermore, to verify that water without reactivity poison cannot flow from the
damaged steam generator to the primary circuit in such amounts that could cause a
reactivity accident.
15.2.2

Operational occurrences in heat transfer to secondary circuit
Deterioration in the heat transfer to secondary circuit is caused by a disturbance in
the steam or feedwater systems or a pipe break in the feedwater systems. Reduced
heat transfer may lead to heat transfer crisis between the fuel cladding and coolant
or, even worse, fuel failure.
Based on the analyses, reduced heat transfer conditions are not limiting anticipated
operational occurrences or anticipated operational occurrences at the
Olkiluoto 3 -nuclear power plant unit in terms of fuel integrity. The fuel acceptance
criteria are met with a large margin.
Long-term analyses have demonstrated that the capacity of the emergency feedwater
systems is sufficient to cool the primary circuit to a state enabling the activation of the
primary circuit decay heat removal system and that the plant can be brought to a safe
state after a feedwater pipe break with consideration to single failure and preventive
maintenance. The worst possible leak size has been determined by varying the leak
size.
Analysis of complete loss of feedwater has been used to demonstrate that decay
heat removal from the primary circuit by directing coolant to the containment via the
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pressurizer blow-off valves and simultaneously feeding cooling back into the primary
circuit with medium- and low-pressure emergency cooling systems is sufficient to
ensure fuel cooling. The heat exchangers of the low-pressure emergency cooling
system can be used to cool the water fed into the primary circuit, so decay heat can
be removed from the containment. In the long term, primary circuit pressure can be
decreased to enable the activation of the primary circuit decay heat removal system
and bring the reactor to a safe state.
STUK has commissioned an independent comparison analysis from VTT on
complete feedwater pipe break to ensure the sufficiency of the amount of available
emergency feedwater. STUK has also commissioned an independent 3D comparison
analysis from VTT on a case involving the closing of one main steam line isolation
valve because this case is asymmetrical as regards the reactor core. Based on the
results, the amount of the emergency feedwater is sufficient, and the effect of the 3D
phenomena in case of the closing of one isolation valve does not make the situation
worse.
Improvement in the heat transfer to secondary circuit is caused by increased
steam or feedwater flow in the steam generators or decrease in the feedwater
temperature. Improved heat transfer results in a cooler core and, through negative
feedback, increase in power. Increase in power, in turn, may lead to an immediate
heat transfer crisis between the fuel cladding and coolant. Another possible threat is
recriticality after a scram as the cooling continues because control rods alone cannot
keep the reactor subcritical up to a cold state.
Heat transfer crisis considerations are typically very short events, lasting only a few
seconds. Therefore, reactor scram is the only safety system that may react quickly
enough. Thus, there are no potential additional failures to make the situation worse.
Of the operational occurrences, the limiting one is unintended partial cooling the
calculated result of which is that 0.015% of fuel rods reach heat transfer crisis,
fulfilling the 0.1% acceptance criterion set forth in the YVL guides. Feed water
transients are less severe than steam flow transients. Steam leaks of different sizes
with a maximum cladding temperature of 998 °C in the limiting 1,200 cm2 leak case
have been calculated as class 1 and 2 accidents. Thus, the maximum temperature
remains below the 1,200 °C limit set for a class 2 accident. Other fuel acceptance
limits are also satisfied.
Criticality after a scram has been considered in the case of a complete break of main
steam piping that is stated to cover smaller leaks. The analysis has been conducted
on a core at the end of the operation period because, due to the lack of boron in the
coolant, this is when the reactivity temperature feedback is the strongest. To intensify
the cooling, the reactor decay heat has been assumed as low as possible.
Furthermore, it has been assumed that the most reactive control rod is stuck in the
upper position after the scram. The power levels considered as initial states are 0%
and 25%. The latter of the initial power levels has been chosen because it is the
lowest power with which the turbine is active and the loss of off-site power is a
realistic consequence of the initiating event. Loss of the grid has not been assumed
with 0% power, corresponding with the licensing case of the construction licence
phase. According to the current guides, loss of the grid must always be assumed
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during postulated accidents. Of the base case, a couple of variations have been
calculated with the assumption that the emergency cooling system, extra borating
system or emergency power system components are inoperable and undergoing
preventive maintenance. After the submission of the operating licence
documentation, TVO has conducted additional analyses with several possible reactor
loadings. Based on these analyses, failure assumptions or assumption on the loss of
off-site grid have no significance in ensuring the subcriticality in the designed reactor
cores.
In order to prevent recriticality in the case of a steam pipe break, the need for manual
boration due to absence of Xenon in a reactor that has been shut down for a long
period has been determined by a separate calculation based on which a shutdown
reactor must be borated within approximately 20 hours of the reactor shut down if the
most reactive control rod is retracted. The required boron concentrations for each
operation period will be presented in the Technical Specifications.
Simultaneous break of two main steam pipes caused by an aeroplane crash in a
100% power situation has been analysed as belonging to the design extension
conditions class. Furthermore and contrary to the other cases in the class of steam
line breaks, this case has been calculated using the best estimate method. The
pressure drop in the secondary side is so quick that the reactor scram is triggered
immediately, and there is no time for the power to rise in the initial phase. Therefore,
there is no power rise to compromise the integrity of the fuel cladding. In these
analyses, the reactor remains subcritical.
STUK has commissioned an independent comparison analysis from VTT on main
steam line break with regard to recriticality. Several variations of the case have been
calculated, also with failure assumptions according to the new YVL guides. VTT’s
comparison calculation uses a higher coolant temperature at the core inlet than that
used in the safety analysis report. Therefore, the criticality margin is typically higher in
VTT’s calculation. The subcriticality requirement is, then, satisfied in the comparison
analyses also according to the failure criteria in the current YVL guides. Based on
this, the plant supplier’s analysis appears to be conservative. VTT has also
considered smaller steam leaks, but these cause only minor cooling of the reactor.
15.2.3

Decreased main circulation flow
Decreased main circulation flow, caused typically due to one or more main circulation
pumps being stopped unnecessarily, impairs the fuel cooling and may lead to a heat
transfer crisis between the fuel cladding and coolant.
Pump stoppage transients are typically very short events, lasting only a few seconds.
Therefore, reactor scram is the only safety system that may react quickly enough.
Thus, there are no potential additional failures to make the situation worse.
Stoppage of all main pumps due to loss of off-site power is a limiting operational
occurrence at the Olkiluoto 3 nuclear power plant unit in terms of heat transfer crisis.
Of the fuel rods, 0.02% reach heat transfer crisis, fulfilling the 0.1% acceptance
criterion set forth in the YVL guides.
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Reduction of the rotation speed of all the main coolant pumps due to a sudden drop
in the grid frequency is classified as a class 1 accident resulting in temperature in
excess of the 650 °C presented as the acceptance criterion, with the maximum
temperature being 767 °C. The criterion is also exceeded in a loss-of-power situation
if the first scram signal is assumed inoperable. However, it has been demonstrated
by a separate analysis of fuel behaviour that fuel failures are avoided. The limit has
been set at 650 °C to ensure the integrity of the cladding at low pressure during lossof-coolant accidents. In a high-pressure situation, such as the stoppage of the main
coolant pumps, it can be expected that fuel failures are avoided even at higher shortterm maximum temperatures. Therefore, the categorical limit of 650 °C set forth in
Guide YVL 6.2 has been abandoned in Guide YVL B.4. The requirements set for fuel
integrity in Guide YVL B.4 are met.
Analysed as a class 2 accident, sudden stoppage of one main coolant pump due to
rotor jam or shaft break will cause 0.5% of the fuel rods to reach heat transfer crisis
and the maximum temperature of the cladding to rise to 788 °C. The results clearly
meet the acceptance criteria of 10% maximum fuel failure and 1,200 °C maximum
temperature.
Analysis of a long-term loss-of-power situation has been used to demonstrate the
sufficiency of fuel decay heat removal in a situation where forced main circulation
flow is stopped for a longer period of time.
STUK has commissioned independent comparison analyses from VTT on a loss of
off-site power without the first scram signal, loss of one main coolant pump and
sudden stoppage of one main coolant pump. The results of the comparison analyses
are milder than those presented in the Final Safety Analysis Report, and the 650 °C
temperature limit is not exceeded.
Cases of reduced main circulation flow have been analysed extensively and
conservatively with regard to the integrity of the cladding. The initial assumptions of
the analyses are in accordance with the YVL guides, and the results meet the
requirements set forth in Guide YVL 6.2, with the exception of the maximum
temperature of the cladding, the categorical requirement on which has been removed
from Guide YVL B.4.
15.2.4

Reactivity and power disturbances
Disturbances in the management of the reactivity and power of the pressurised water
reactor can be caused by unplanned changes in the temperature or boron
concentration of the primary circuit as well as faulty control rod movement under
various operational conditions. Due to an undetected loading error, a fuel assembly
could be used at a higher than designed power level. A control rod dropped in the
reactor core during power operation may lead to excessive power output elsewhere
in the reactor as the automatic power adjustment compensates the drop in local
power caused by the dropped fuel rod.
Situation during power operation where a control rod or group of control rods moves
in an uncontrolled manner or falls into the reactor and the reduction in boron
concentration due to incorrect operation of the reactor purification system under any
operational state have been analysed as operational occurrences. Unplanned control
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rod withdrawal during power operation, unplanned withdrawal of a group of control
rods during shutdown states, effects of an incorrect loading of the fuel assembly and
boron dilution due to a loss-of-coolant accident and incorrect starting of the main
coolant pumps have been analysed as class 1 postulated accidents. Fuel rod ejection
from the reactor core and reduction in the primary circuit boron concentration due to
break of the heat transfer tubes of heat exchangers of the systems associated with
the primary circuit have been analysed as class 2 postulated accidents. Boron
dilution during shutdown state plus failure to isolate the source of boron-free water
has been analysed as a design extension condition.
The analyses demonstrate that the reactor core is designed in a manner ensuring
that the limits in STUK Regulation Y/1/2016 or the YVL guides set to assure nuclear
fuel integrity will not be exceeded due to reactivity or power disturbance situations.
STUK has commissioned comparison analyses from VTT on control rod ejection
cases in power levels 32% and 72%. Based on the comparison analyses, the impacts
of an accident are slightly less severe than according to the plant supplier’s analysis.
15.2.5

Overpressure protection analyses
Overpressure protection analyses consider operational occurrence and accident
situations that cause an overpressure in the primary and secondary circuits. In
addition to the situations during power operation, the analyses consider shutdown
states where the temperature of the primary circuit is low. Failure assumptions for the
safety and blow-off valves as well as other analysis assumptions are set forth in
Guide YVL 2.4.
As for the most limiting situation in terms of operational occurrences during power
operation, loss of off-site power has been considered with regard to the primary
circuit and unnecessary closing of one of the main steam line isolation valves with
regard to the second circuit.
The most limiting situation in case of postulated accidents during power operation
with regard both the primary and secondary circuits is unintended closing of all the
main steam line isolation valves.
With regard to the primary circuit, unintended closing of all main steam line isolation
valves in combination with stuck pressurizer safety valve has been considered as the
most limiting situation in terms of design extension conditions during power operation.
With regard to the secondary circuit, the most limiting situation analysed is an
anticipated operational occurrence without reactor scram in combination with loss of
heat sink.
Unnecessary triggering of the emergency cooling start signal during cold state is the
most limiting case in operational occurrences, postulated accidents and design
extension conditions.
Operational occurrence and accident situations leading to overpressure in the
primary and secondary circuit has been analysed extensively and conservatively. The
initial assumptions of the analyses are in accordance with Guide YVL 2.4, and the
results satisfy the general acceptance criteria for analyses set out in Guides YVL 2.2
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and YVL 6.2 and the acceptance limits for the overpressure protection analyses set
out in Guide YVL 2.4. The results of the design extension conditions (DEC) analyses
fulfil the stricter pressure limit by STUK decision Y255/3, also presented in the new
Guide YVL B.3.
STUK has commissioned independent comparison analyses from VTT on the most
limiting cases during power operation with regard to the primary and secondary
circuits. The results of the comparison analyses are fairly close to the results of the
FSAR analyses, and the acceptance criteria for the overpressure protection analyses
are not exceeded.
15.2.6

ATWS
Reactor scram failure in connection with an operational occurrence (Anticipated
Transient Without Scram) may be caused by a mechanical common cause failure in
the control rods or a fault in the protection system that hinders the execution of the
reactor scram function.
Operational occurrence analyses shall consider the possibility of a scram failure if this
aggravates the situation to be considered. Based on this, the following five
operational occurrences have been chosen as ATWS cases: increase in the steam
flow, loss of main feedwater, loss of off-site power, unnecessary withdrawal of a
group of control rods and unnecessary partial cooling. Depending on the cause
preventing the scram, the cases are analysed as a class 2 postulated accident due to
mechanical common cause failure in the control rods or a design extension condition
due to common cause failure in the protection system. According to the requirements
in Guide YVL B.1, both cases belong to design extension conditions (DEC A).
After the PSAR phase, the analyses have been further specified to ensure
subcriticality from the required boron concentrations and by mentioning that the
measures needed to enter from a controlled state to a safe state shall be in
accordance with the reference analyses regardless of any scram failure.
The analysed cases represent the most limiting phenomena in terms of plant
operation.
Based on the results of the analyses, the plant meets the requirements laid down in
the YVL guides.
STUK has commissioned an independent comparison analysis from VTT on ATWS
cases when the off-site grid is lost. Based on the results of the comparison analysis,
the plant supplier’s analysis has been prepared in a conservative manner.

15.2.7

Other operational occurrences and accidents
Other cases that do not actually fall within the scope of the type of events presented
in chapter 15.1 above have also been calculated. Such operational occurrences
include, for example, unnecessary actuation of the pressurizer spray system,
unnecessary actuation of the volume control system and failure of the main
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controllers. The analyses demonstrate that the plant’s limitation functions limit the
occurrences such that fuel or the integrity of the primary circuit are not compromised.
Event combinations that cannot be naturally classified based on the frequency of their
initiating events have been analysed as design extension conditions (DEC). The
associated DEC events have been addressed above in connection with the various
event types. In addition to these, the Final Safety Analysis Report includes analyses,
for example, of the following: loss of off-site power and emergency diesel generators,
total loss of cooling chain and loss of the ultimate heat sink. Furthermore, design
extensions include the check valves on the lines feeding the primary circuit of the
emergency cooling system getting stuck in the closed position, addressed in the
FSAR inspection report’s section on the emergency cooling system.
After the construction licence phase, the analyses of the design extensions have
been updated to consider, for example, partial cooling rate change and qualification
of main coolant pump’s static seal system (SSSS) only for a period of 30 hours
instead of the previous seal resistance assumption of 72 hours. It has been
demonstrated with the analyses that the acceptance criteria laid down in the YVL
guides are, nevertheless, fulfilled.
15.3

Severe reactor accidents
The severe reactor accident management of the Olkiluoto 3 nuclear power plant unit
is based on primary circuit depressurization, management and cooling of molten
material generated by a reactor core melt at a separate core melt spreading area in
the containment, hydrogen management by mixing and hydrogen removal based on
recombiners as well as decay heat removal from the containment to the ultimate heat
sink.
Severe reactor accident analyses is presented in FSAR Chapter 15.3. The detailed
analysis descriptions and results, analyses confirming the design solutions and
descriptions of the analysis methods are presented in the appendices to the chapter.
Appendix C2.3.2 “Methods, Selection and Classification of Severe Accident
Scenarios” describes the calculation methods of the severe reactor accident analyses
and analysed calculation scenarios. Appendix C2.3.3 “In-Vessel Accident
Progression, Method and Results” describes the progression of a severe reactor
accident before the pressure vessel ruptures, methodology used to analyse the
progression and results of the analysed calculation scenarios. Appendix C2.3.4
“Primary Depressurization System” includes an analysis of the operation of the
primary circuit depressurization system in a severe reactor accident. Appendices
C2.3.5.1–C2.3.5.5 describe the plant’s hydrogen management concept and
verification of its operation. Appendices C2.3.6.1–C2.3.6.8 address core melt
stabilization concept at the plant. The analyses presented in the appendices analyse
molten material management and cooling in a severe reactor accident, verify the
functioning of the design of the systems for melt management and exclude the
possibility of recriticality outside the pressure vessel. Chapter C2.3.7 “Containment
Pressure and Temperature in Severe Accidents” addresses containment pressure
and temperature in various stages of different types of severe reactor accidents.
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The maximum severe reactor accident pressures and temperatures for the
containment and other buildings of the Olkiluoto 3 nuclear power plant unit have been
analysed. The conditions for the qualification of the plant’s severe reactor accident
management components and systems have been determined based on these
analyses. The pressure and temperature analyses are presented in FSAR Chapter
15, Appendices C2.6.2–2.6.6. The results of the containment radiation condition
analyses are presented in FSAR appendices C2.3.2 “Methods, Selection and
Classification of Severe Accident Scenarios” and C2.3.3 “In-Vessel Accident
Progression, Method and Results”.
The calculation software used for the severe reactor accident analyses are described
in appendices to Chapter 15.3 and in FSAR Appendix C3.12 describing the validation
of the calculation software. The different severe reactor accident phenomena have
been analysed using different types of calculation software and manual calculation
which are selected for use based on the phenomenon being analysed or stage of the
accident. The calculation software used are validated and suited for the calculation of
the considered analyses as well as modelling of the associated phenomena.
STUK has commissioned independent comparison analyses during the construction
stage of the Olkiluoto 3 nuclear power plant unit. Independent comparison analyses
have been used to assess, for example, the spreading of hydrogen and hydrogen
management strategy as a whole, molten material management concept, source
term, the effect of the melt on the structures under the reactor pressure vessel, the
progression of certain accident scenarios and state of the containment during
accidents. In addition, thermohydraulic tests have been conducted at the
Lappeenranta University of Technology to verify the core melt cooling strategy. The
results of the comparison analyses fulfil the requirements set forth in the YVL guides
and are consistent with the results of the final safety analysis results prepared by the
plant supplier. The time delays of the analysed accident scenarios correspond with
each other with the required precision. The comparison analyses support the severe
reactor accident management strategy for the Olkiluoto 3 nuclear power plant unit
presented by the plant supplier.
15.3.1

Severe reactor accident analysis scenarios
Appendix C2.3.2 “Methods, Selection and Classification of Severe Accident
Scenarios” of FSAR Chapter 15.3 describes the severe reactor accident analysis
scenarios calculated for the Olkiluoto 3 nuclear power plant unit. In order to provide
an overall picture, analyses of reactor accidents due to various initiating events have
been prepared for the plant. The analyses have been prepared using the MAAP4
calculation software. Based on the MAAP4 analyses, accident scenarios which are
limiting as regards the operability of the severe reactor accident management
systems have been selected for further analysis.
In the analyses, initiating events leading to a severe reactor accident include total
loss of off-site power (LOOP), small loss of coolant accident (SB-LOCA), large loss of
coolant accident (LB-LOCA), pressurizer connection pipe break, steam generator
tube rupture (SGTR) and total loss of feedwater (TLOFW).
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In addition to the initiating events, the leak size of the pipe break, the location of the
break, secondary circuit cooling and plant state, for example, have been varied in the
analyses. This has been done to provide as wide a coverage as possible of various
accident situations. Accident analyses have been prepared both for power operation
and outage conditions.
Analysed accident scenarios have been divided into two groups, i.e. in representative
and limiting scenarios. Representative scenarios assume that the primary circuit
depressurization takes place as planned. Limiting scenarios assume a delayed
depressurization, and also analyse the actuation of emergency cooling at a late stage
of the accident. Limiting scenarios are especially related to the analyses of primary
circuit depressurization and hydrogen management systems.
Each severe reactor accident mitigation measure has been identified with the most
challenging scenarios with regard to the measure to ensure sufficient operational
capacity of the systems designed to perform the mitigation measures. Furthermore,
situations, where the severe reactor accident management measures do not function
as designed, have been considered as limiting scenarios. These analyses have been
used to verify that the integrity of the containment is also retained in situations more
severe than the design basis and that no cliff-edge phenomena occur.
The severe reactor accident analyses cover the various plant states and as many
different accident situations as possible. In addition to the initiating events,
parameters and assumptions affecting the progression of the accident have been
varied. STUK’s safety assessment in the construction licence phase required that
shutdown state analyses must be calculated for several different initiating events and
all shutdown states. The analyses in the Final Safety Analysis Report fulfil this
requirement.
15.3.2

Progression of a severe in-vessel reactor accident
Appendix C2.3.3 “In-Vessel Accident Progression, Method and Results” of FSAR
Chapter 15.3 describes the progression of a severe accident at the plant unit before
the pressure vessel ruptures, methods used to analyse severe accidents and
chronological progression and results of the analysed scenarios. The research and
results related to reflooding, steam explosions inside the pressure vessel and
recriticality are described in the chapter.
Initial stages of a severe accident with the pressure vessel still intact can be divided
into three stages: 1) core heat-up and oxidations, 2) core melting, loss of geometry
and generation of molten material on top of the core structures, and 3) accumulation
of molten material on the bottom of the pressure vessel and pressure vessel rupture.
These stages are described in the analysis chapter 15.4.1.
STUK has commissioned independent comparison analyses concerning the
progression of the accident with the pressure vessel intact. The results of the
verifying analyses correspond with the analysis results presented in the Final Safety
Analysis Report with the required precision.
The course of accidents and characteristic time delays have been mapped, and
scenarios that are the most challenging in terms of the containment or severe
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accident management measures have been selected for further analysis. Various
accident scenarios have been calculated widely, and the results thereof have been
presented extensively.
15.3.3

Primary circuit depressurization in a severe reactor accident
Analysis of the operation of the primary circuit depressurization has been presented
in Appendix C2.3.4 “Primary Depressurization System”. The analyses included in the
appendix verify the functioning of the design of the depressurization system and
sufficient pressure reduction capacity to ensure the safety function, i.e. primary circuit
depressurization.
Primary circuit depressurization is one of the most important measures related to
severe reactor accident management. Independent from other depressurization
systems, the task of the primary circuit depressurization system designed for severe
reactor accident management is to reduce and retain the pressure below 20 bars if
the pressure vessel fails in a severe reactor accident. In practice, the system reliably
prevents reactor pressure vessel failure at high pressure also in limiting accident
scenarios. The possibility of a high-pressure melt discharge compromising the leak
tightness of the containment is practically eliminated.
The depressurization function has been verified by analyses in the event of accidents
during power operation and outage, with emergency cooling systems completely out
of operation or in case of flooding conditions due to the restoration of the systems. In
the representative scenarios of the depressurization analyses, the depressurization
takes place as designed, i.e. based on the severe reactor accident transition criterion
when the core outlet temperature exceeds 650 °C. In all the analysed representative
scenarios, the depressurization system reduces the primary pressure well below 20
bars.
The limiting scenarios analyse delayed depressurization. In terms of the
depressurization system capacity, the most limiting cases are late reflooding accident
scenarios where the emergency cooling system starts up late and begins to pump
coolant on top of the core material collapsed on the bottom of the pressure vessel.
The hot core material boils the coolant, thus increasing the pressure temporarily in
the primary circuit. Late reflooding is analysed by varying the reflooding moment and
emergency feedwater systems pumping into the reactor. In terms of the
depressurization, the most limiting reflooding scenario is LOOP (Loss Of Off-site
Power) where one high-pressure emergency cooling system pumps coolant into the
reactor core. In all the analysed reflooding situations, the capacity of the primary
circuit depressurization system is sufficient to reduce the primary pressure to 20 bars
or below at the moment of the pressure vessel rupture.
A time limit, within which the depressurization performed is able to reduce the
pressure to 20 bars before pressure vessel failure, has been calculated for the
delayed primary depressurization in the analyses. According to the analyses, the time
limit in a LOOP scenario is 3 hours 40 minutes after the severe reactor accident
transition criterion and 2 hours in a TLOFW (Total Loss Of Feed Water) scenario.
The loads on the valves of the depressurization system due to primary circuit
depressurization, the temperature of the steam discharged from the valves and

Radiation and Nuclear Safety Authority

Review report

128(146)
43/G42242/2016

February 15, 2019

durability of the valves in a depressurization situation have been considered in the
analyses. The analyses also consider loads on the pressure vessel support
structures and reactor pit in situations of a pressure vessel rupture at a pressure of
20 bars.
STUK has commissioned verifying analyses to verify the primary depressurization
function. The analyses have considered the efficiency and time delays of the
depressurization.
Based on the analyses, it can be stated that the primary depressurization function
meets the requirements placed on it. The system is able to calculate primary
pressure reliably also in the most limiting accident scenarios.
15.3.4

Combustible gases management in a severe reactor accident
At the Olkiluoto 3 nuclear power plant unit, combustible gases management during a
severe reactor accident consists in particular of hydrogen management.
The objective of hydrogen management is to prevent containment pressure increase,
eliminate hydrogen explosions and hydrogen fires involving acceleration from
deflagration to detonation, i.e. events that could compromise the leak tightness of the
containment or damage the systems or components. In addition, the analyses
consider the opening of the containment into single space, gas and temperature
distribution in the containment, AICC (Adiabatic Isochoric Complete Combustion)
pressure and containment temperature rise due to recombination. In addition to the
MAAP4 software, COCOSYS, COM3D and GASFLOW calculation software has been
used in the hydrogen analyses.
In terms of hydrogen management, the most limiting scenarios are the slowly
progressing accidents, such as SBLOCA. The analyses consider a small break in the
cold leg, hot leg or pressurizer connecting line as representative scenarios. Small
pipe break in the cold leg with partial cooling on the secondary side and delayed
primary depressurization is considered as a limiting scenario. Hydrogen
concentration remains below 10vol-% in all the representative scenarios and below
13vol-% in all the limiting scenarios.
In terms of hydrogen management, a special feature of the Olkiluoto 3 nuclear power
plant unit during normal operation is the containment that is isolated into two spaces
and combined in accident situations into single space by means of flow routes to
ensure hydrogen mixing. In severe reactor accidents, the hydrogen concentrations in
the containment remain lower if the hydrogen is mixed with the entire containment
atmosphere. Mixing is possible when the flow surface area opened between the
containment spaces is wide enough. The opening of the flow surface area is ensured
by means of passive and active system components. Based on the analysis results,
containment atmosphere mixing takes place successfully with due consideration to
the failure criteria.
Analysed according to the YVL guides, the AICC pressure remains below the
containment’s design pressure in each representative analysis scenario. The design
pressure is exceeded in some of the limiting scenarios, but the margin to the
containment burst pressure is sufficient in all scenarios. AICC pressure remains
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below 4.8 bars in all the representative scenarios and below 5.7 bars in all the limiting
scenarios.
The possibility of flame acceleration and DDT has been assessed by GASFLOW and
COM3D analyses. The analysis has been conducted in stages by excluding
situations where rapid combustion is not possible and examining the risk situations
more closely. In case of hydrogen release from the reactor core with the pressure
vessel still intact, the local hydrogen concentrations may rise high. The analyses
demonstrate that this remains short in time and hydrogen explosions or DDT do not
occur.
Based on the observation made on the Fukushima-Daiichi accident, the hydrogen
management analyses have been supplemented after the construction licence
application with regard to hydrogen leak to the outside of the containment. The fire
hazard due to hydrogen escaping to the outside of the containment through a leak
during a severe reactor accident has been analysed in the Final Safety Analysis
Report of the Olkiluoto 3 nuclear power plant unit. Based on the analyses, hydrogen
concentrations remain below the hydrogen fire hazard concentration of 4% in all
rooms, and a hydrogen fire outside the containment does not compromise the
integrity of the containment.
STUK has commissioned verifying analyses from VTT on the production and
concentrations of hydrogen during a severe reactor accident in different scenarios.
The analyses have been prepared using MELCOR and FLUENT software, and the
results are sufficiently consistent with the plant supplier’s analysis results.
The requirements of the YVL guides are met. The analyses demonstrate that the
AICC pressure remains below the containment’s design pressure in all of the
representative scenarios. According to the analyses, flame acceleration does not
reach the speed of sound in hydrogen fires. Recombination or hydrogen fires do not
cause a significant temperature rise in the steel lining of the containment wall. Based
on the analyses, hydrogen explosions do not occur.
Based on the analyses, it can be stated that hydrogen management at the Olkiluoto 3
nuclear power plant unit is to be considered acceptable and hydrogen does not
compromise the integrity of the containment in a severe reactor accident.
15.3.5

Core melt stabilization in a severe reactor accident
The analyses verify the passive core melt stabilization concept which is based on
melt delay in the collecting space below the reactor pressure vessel, and gravitational
transfer, spreading and flooding in the core melt spreading area. The analyses have
been prepared using MCCI, i.e. COSACO calculation software modelling the core
melt–concrete interaction. Spreading of melt has been analysed using the
CORFLOW software. Combustible gas releases and migration from the reactor pit
has been modelled using the PITWALTER program. For the calculation of the failure
of the collecting space gate and heat transfer from the melt to the cooling area floor
elements, the plant supplier has used the WALTER program. The recriticality threat
analysis has been prepared using the CASMO-4 calculation software. Manual
calculation, energy balance models and experimental study results have also been
used in the analyses.
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The mass and energy loads released into the containment during a severe reactor
accident are analysed and presented in Appendix C2.3.6.1, “Mass and Energy
Release into the Containment due to Ex-Vessel Melt Stabilization”. Retention of the
core melt in the reactor pit and cooling in the core catcher releases various gaseous
compounds, vapour and energy into the containment caused by, for example, the
interaction between sacrificial material and molten material, molten material flooding
and solidification and loads due to long-term core melt cooling. Before the molten
material flooding, heat from the molten material in the collecting space is released
through heat radiation into to the bottom of the pressure vessel and, in the core
catcher, into the roof of the spreading area. The load due to core melt cooling is
caused by the released heat and steam.
Core melt delay in the reactor pit has been analysed in Chapter C2.3.6.3, “Analysis of
Temporary Melt Retention in the Reactor Pit”. Melt delay in a single pile facilitates
passive flooding starting from molten material relocation. The retention also allows
the mixing of sacrificial material with molten material, thus improving the spreading
and coolability of the melt. Based on the analysis, all the reactor core’s molten
material is accumulated in the reactor pit before discharge. The analysis found that
when the reactor pit gate fails, the effect of the events prior to the pressure vessel
rupture on the characteristics and mass of molten material is negligible. Use of
sacrificial material is justified to improve the molten material spreading properties and
long-term core melt stabilization.
Analysis C2.3.6.4, “Analysis of Passive Core Catcher Flooding and Long-Term Active
Water Circulation”, considers passive core melt flooding taking place in the core melt
spreading area. Passive operation of the core catcher has been analysed by
considering the geometry of the catcher, passive flooding channels and their flow
resistance and balance of water masses between the catcher and JNK tank.
Analysis C2.3.6.5, “Assessment of Melt Spreading”, considers molten material
relocation from the reactor pit to the spreading area. Molten material run-off to the
spreading area through the shaft is verified. Due to the complexity of the analysis, the
issue has been analysed in different ways including a simple energy balance model,
phenomena model and CFD-based CORFLOW model. The CFD model is used to
examine the temporal behaviour of molten material. The analysis is also largely
based on test results, and this analysis chapter presents a related experimental study
conducted on a plant of the EPR type. All the considered methods verify that the
spreading of molten material to the spreading area can be prevented successfully
with a sufficient margin in all situations.
Analysis C2.3.6.7, “Analysis of MCCI and Melt Stabilization in the Core Catcher”,
considers the thermal behaviour and durability of the spreading area cooling
structure, i.e. the cooling channels below the spreading area, degradation of
sacrificial material into molten material and interaction between core melt and
sacrificial material.
Chapters C2.3.6.2, “Justification of the Design of the Melt Gate”, and C2.3.6.8,
“Justification of the Final Reactor Pit Layout”, justify by analyses the final design
basis of the reactor pit and melt gate. The hole produced on the melt gate must be
big enough for the relocation to take place fast enough, i.e. within approximately 200
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seconds. The analysis assesses the speed of molten material discharged from the
reactor pit due to gate failure. If the gate fails in accordance with the design basis, the
relocation takes place in under 60 seconds.
Recriticality outside the pressure vessel has been analysed in Chapter C2.3.6.6,
“Assessment of Ex-Vessel Recriticality”. Based on the analyses, the recriticality
margin is large.
STUK has commissioned independent comparison analyses conducted using the
MELCOR and GEMINI2 programs. The verifying analyses consider the effect of the
melt on the structures below the reactor pressure vessel, melt spreading and
spreading area cooling. The results of the comparison analyses support the
conclusions on the core melt stabilization concept presented by the plant supplier.
Thermohydraulic tests examining the coolability of the melt in the spreading area
have been commissioned and conducted using the Volley test equipment at the
Lappeenranta University of Technology. The study considered the thermal hydraulics
in the spreading area cooling channels, heat flux to the cooling channels and
chemical balance of the core catcher. Based on the test results, the effectiveness of
the system is consistent with the design basis.
As a result of the review, it can be stated that based on the analyses considering the
molten material management strategy at the Olkiluoto 3 nuclear power plant unit the
strategy meets the requirements placed on it. Molten material management and the
associated phenomena have been analysed extensively. Based on the analyses,
stabilisation and cooling of molten material inside the containment can be verified
such that the integrity of the containment is not compromised in short- or long-term
conditions.
15.4

Radiological effects of accidents
Radioactive releases and the consequent population doses due to anticipated
operational occurrences and accidents at the Olkiluoto 3 nuclear power plant unit are
addressed in FSAR Chapter 15.4 and, in more detail, in Appendix C2.4, “Analyses of
Radiological Consequences”. Appendices C2.3.8.1, “Severe Accident Source Term
with Annulus Bypass”, and C2.3.8.2, “Severe Accident Source Term”, deal with
severe reactor accident releases in various accident scenarios. Calculation models
used in the analyses of the dispersion of releases and radiation doses are described
in Appendix C3.16, “Models for the Calculation of the Dispersion of Radioactive
Releases and Dose Assessment for Transients and Accidents in Connection with
Licensing”.
Of the anticipated operational occurrences, postulated accidents and design
extension conditions, 20 different events have been chosen for the analysis of
radiation doses to the members of the public with the assumption that they cover the
radiation dose consequences of various other events considering the quality, release
route, release height and operational state and location of the leak in the plant unit.
Of the seven severe reactor accident scenarios, release terms have been calculated
for three (LBLOCA, SBLOCA and LOOP). In addition, a situation where 10% of the
release bypasses the containment annulus has been analysed with respect one of
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the above (LBLOCA). The least favourable of the scenarios has been chosen for the
analysis of radiation doses to the members of the public.
The population radiation dose analyses have been conducted in accordance with the
requirements set forth in the YVL guides, and the results clearly meet the criteria laid
down in the Nuclear Energy Decree (161/1988, Section 22 b).
STUK has commissioned independent comparison analyses from VTT on the
population doses due to accident releases. They produced similar results with the
results presented in the FSAR.
15.5

Summary of the review result
The operational occurrence and accident analyses for the Olkiluoto 3 nuclear power
plant unit have been prepared in accordance with the requirements set forth in the
YVL guides, and the results meet the fuel acceptance criteria laid down in Guide YVL
6.2, with the exception of the maximum temperature of the cladding in certain class 1
accidents presented above. However, fuel failure is unlikely in such high-pressure
situations, and the categorical requirement on the maximum temperature of the
cladding has been removed from the currently valid Guide YVL B.4. The
requirements set for fuel integrity in Guide YVL B.4 are met.
The overpressure protection analyses satisfy the limits on maximum pressure set
forth in Guide YVL 2.4. The YVL Guide update did not result in any changes to the
limits.
The population radiation dose analyses have been conducted in accordance with the
requirements set forth in the YVL Guides, and the results clearly meet the criteria laid
down in the Nuclear Energy Decree (161/1988, Section 22 b).
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16

Technical Specifications
Chapter 16 of the Final Safety Analysis Report deals with Technical Specifications
(TechSpecs). TechSpecs determine technical and administrative requirements in
place to ensure that the plant is operated in accordance with the design bases. FSAR
Chapter 16 describes the purpose and structure of the TechSpecs and, for example,
the selection criteria for the systems, structures and components included in the
Technical Specifications. The actual TechSpecs presenting the system-specific
operability requirements have been submitted to STUK for approval as a separate
document in accordance with Section 36 of the Nuclear Energy Decree.
The new Guide YVL A.6, “Conduct of operations at a nuclear power plant”, sets more
detailed requirements than previously for the Technical Specifications. However, the
guide’s requirements are not significantly different from the procedures for the
Technical Specifications already in place, and in terms of the implementation of
Guide YVL A.6, the new requirements are satisfied with regard to TechSpecs.

16.1

Description of the Technical Specifications for the Olkiluoto 3 nuclear power
plant unit
In accordance with FSAR Chapter 16, the operating range of the plant as specified by
the TechSpecs is presented using safety limits, systems, structures and components
operability requirements as well as administrative requirements. Each operability
requirement in the Olkiluoto 3 nuclear power plant unit’s TechSpecs includes the
actual requirement, plant operational state in which the requirement is applied,
defined fault conditions and the associated corrective measures and completion
times. The completion times have been specified using a combination of deterministic
and risk-based assessment. In connection with the operability requirements,
requirements have also been presented for testing and inspections conducted to
ensure, for their part, that the TechSpecs requirements are met. The testing and
inspections requirements include frequent references to the testing manual that
provides more detailed instructions and acceptance criteria on the test or inspection.
The requirements presented in the TechSpecs are justified individually in the
separate justification part.
The Final Safety Analysis Report presents the selection criteria for the systems,
structures and components, instrumentation and process parameters included in the
Olkiluoto 3 nuclear power plant unit’s Technical Specifications. Criteria presented by
the regulatory authority NRC (Nuclear Regulatory Commission) of the United States
of America and described in document 10 CFR 50.36 have been used as a basis.
The Technical Specifications prepared based on said criteria have then been
supplemented according to STUK requirements by, for example, including in the
Technical Specifications also systems, structures and components designed for
design extension conditions (DEC).
Chapter 16 of the safety analysis report also describes the use of TechSpecs as part
of the conduct of operations at the Olkiluoto 3 nuclear power plant unit. The fulfilment
of the TechSpecs requirements is ensured by periodic tests and inspections
conducted on the systems, structures and components. In addition, the field
operators carry out inspection rounds at the plant and the operators monitor the
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general state of the plant in the main control room. Through the inspection rounds
and monitoring in the control room, any changes in the state of the components or
parameter values can be detected before they are in violation of the TechSpecs
requirements.
However, if a component under the TechSpecs should fail or a parameter does not
stay within the allowed limits, for example, this will be indicated to the operators in the
control room by means of alarms. For the processing of the alarms, there are alarm
information sheets indicating the causes for the alarm, necessary actions and
references to the appropriate TechSpecs requirements. Included in the Technical
Specifications, a safety function determination program is applied in case of a failure
of several systems, structures or components under the TechSpecs. The programme
is used to define the fault situation of the TechSpecs requirement to which the
operators are to go and the actions they are to perform.
In accordance with FSAR Chapter 16, the training in the use and application of the
TechSpecs are a part of the training programme for the operators of the Olkiluoto 3
nuclear power plant unit.
16.2

Review result
Based on the review, STUK finds that the description of the Technical Specifications
in Chapter 16 (version B) of the Final Safety Analysis Report is sufficient in as much
as it provides an upper-level description of the Technical Specifications and the
associated principles. STUK has separately assessed the acceptability of the
TechSpecs requirements and the fulfilment of the requirements according to the YVL
guides and Section 22 of STUK’s safety regulations in connection with the review of
the Olkiluoto 3 nuclear power plant unit’s TechSpecs and the associated appendices.
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17

Quality management

17.1

Regulations
Section 25 of the Radiation and Nuclear Safety Authority Regulation on the Safety of
a Nuclear Power Plant (STUK Y/1/2016) sets the requirements for the management,
organisation and personnel of a nuclear power plant and, thereby, for ensuring
safety. The requirements regarding the management system and quality
management are presented in Guides YVL 1.4 and YVL 1.9. Detailed quality control
requirements have been presented in the various technology-specific YVL guides.
Guide YVL 1.4, “Management systems for nuclear facilities” requires that an
organisation operating in the nuclear industry shall have a nuclear industry
management system combining systematic safety and quality management
procedures. Such integrated management system helps to ensure that nuclear safety
significance is identified and considered when making decisions and determining
procedures. The compliance with requirements of the systems, structures and
components of a nuclear facility is achieved by adhering to the quality level according
to the safety significance of the object in the design, manufacture, installation,
commissioning and use of the object. The licence holder shall make sure that the
employees and suppliers, subcontractors and other partners participating in functions
affecting safety are committed to the systematic management of safety and quality.
Procedures for the promotion and assessment of good safety culture are also a part
of quality assurance.

17.2

Introduction
Chapter 17 of the Final Safety Analysis Report deals with the plant supplier’s quality
management during the construction and commissioning of the Olkiluoto 3 nuclear
power plant as well as the licence holder’s quality management during
commissioning and operation. Chapter 17 of FSAR is supplemented by a TVO report
describing quality management-related challenges identified during construction,
which have led to the development of the management systems and quality
management procedures in the organisations of the licence holder and plant supplier.
The report also describes the development of the safety culture procedures during
construction. The operating licence documentation includes a separately submitted
“TVO’s quality assurance programme during operation”, which covers the quality
management procedures during operation, and TVO’s project quality plan.

17.3

Plant supplier’s organisation and quality management systems during
construction and commissioning
Chapter 17 provides a brief presentation of the principles of operation of the project
organisations of plant suppliers AREVA NP and Siemens AG during the construction
of the Olkiluoto 3 nuclear power plant unit. A list of subcontractors is also included in
the presentation. As the consortium leader, AREVA has been responsible for the
design and delivery of the plant, overall coordination and project management.
AREVA was responsible for the design and construction of the nuclear island (NI)
and Siemens for the design and construction of the turbine island (TI). The plant
supplier has had centralised project management under the leadership of the
consortium leader AREVA. Each party in the consortium has had its own project
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organisation that reported to the plant supplier’s project management. The duties,
responsibilities and obligations of the parties to the project as well as the reporting
meeting procedures and management of technical changes, purchases and
interfaces have been described in the project procedures. The organisational
structures of the plant project organisation have changed over the years according to
work at hand. The turbine island part, for example, was completed at an earlier stage,
after which there were fewer associated operations. After the changes, the
documents have been updated to reflect the current situation.
Quality management has been a part of the project management. In the quality
policy, the plant supplier’s management has presented quality-related generic goals
and commitment of the organisation management to high quality and its continuous
improvement. The integrated management system has included procedures in
accordance with standard EN ISO 9001:2008 supplemented by additional nuclear
industry requirements required by the IAEA. The management system documentation
of AREVA and Siemens has been supplemented by project-specific consortium
quality plan and quality plans covering the various stages of the Olkiluoto 3 project.
The consortium quality plan has been an upper-level document providing the main
principles for the organisational quality management of all project parties. AREVA’s
quality plan has included a description of the additional functions and resources
required to achieve the quality objectives of the project. It has also included special
requirements for the subcontractor quality functions. The plant supplier’s projectspecific manual and procedures consists of, for example, general project procedures,
design management procedures, site and installation management procedures and
commissioning procedures. These instructions have been available for STUK during
construction.
The plant supplier has approved the manufacturers based on assessments it has
conducted. The assessment method has been selected based on the safety
significance. If necessary, the quality of the activities has been verified by audits
conducted at the supplier’s premises before approval. As a rule, it has only been
possible to use approved suppliers in the project. Approval of manufacturers has also
required the licence holder to assess the manufacturers in accordance with its own
procedures, also by means of audits, if necessary. STUK has had the opportunity to
participate in the audits by the licence holder.
The plant supplier’s project quality plan presents that advanced safety culture
procedures have been used in the project. Safety culture has been developed using,
for example, the IAEA publication No. 75-INSAG- 4, Safety Culture. In regard to the
plant supplier’s subcontractors, fulfilment of the requirements related to safety culture
is specified in either the company’s manufacturer approval file or in the project quality
assurance plan. In the higher safety classes (SC 1 and 2), the manufacturers have
been obliged to fulfil comparable requirements set forth in Guide YVL 1.4 and
demonstrate their fulfilment or, equivalently, present the use of substitutive
procedures in the quality plan. Site procedures have included procedures for the
promotion (e.g. initial training) and assessment (e.g. surveys, observations,
interviews) of safety culture both from the licence holder’s and the plant supplier’s
part.
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17.4

Licence holder’s quality management systems during construction and
commissioning
TVO’s quality-related activities during construction are based on the requirements set
forth in the Olkiluoto 3 project’s quality management system. Initially, the system
consisted of the quality manual, process models with the associated descriptions and
procedures. In the commissioning phase, before the submission of the application for
an operating licence, the construction-time project quality management system was
integrated more closely with TVO’s management system. Its own quality manual was
replaced with the project quality plan and general part of TVO’s management system.
The management system has also included the procedures used by the licence
holder to instruct the plant supplier in matters related to safety and quality and to
verify the supplier’s ability to deliver products in compliance with the requirements.
The Olkiluoto 3 project quality plan prepared by the licence holder has required the
plant supplier to commit to high quality and safety culture in accordance with the YVL
guides. It states that it is a precondition for a good safety culture that personnel are
professional, responsible for the quality of their work and aware of the safety
significance of their work.

17.5

TVO’s supplementary report
Chapter 17 of FSAR has been supplemented with a report prepared by the licence
holder, which describes the licence holder’s quality management during construction,
development of the procedures during the project as well as the assessment and
promotion procedures of the safety culture during construction. There have been
many quality issues during the construction of the Olkiluoto 3 nuclear power plant
unit. According to TVO, there has been almost always significant quality problems
with one or several suppliers when the different equipment deliveries or work to be
done at the site have started. One reason behind these problems has been that the
suppliers have not been accustomed to observe or recognise the special
requirements of the nuclear field in their operations.
Measures aiming to encourage the learning of the nuclear safety culture have been
implemented by both the plant supplier and licence holder. There have been
problems with relaying the requirements in the supply chain. In long supply chains,
documentation has not been up to date, and the Finnish regulations have not been
correctly understood. The situation has been made worse by the project dragging on
and personnel turnover. In connection with the resolving of these problems, also
TVO’s own inspection and monitoring procedures have been developed. In TVO’s
view, the deviations have been observed and the corrective and preventative
procedures determined and implemented. Based on the above, when it comes to
quality management, the conformity of the Olkiluoto 3 nuclear power plant unit has
been ensured.
During the construction of the Olkiluoto 3 nuclear power plant unit, STUK has
conducted investigations on, for example, quality non-conformances with concrete,
the containment steel lining and procurement of emergency diesel generators. STUK
has also annually conducted reviews on quality management with regard to the
operation of the management system, processes, safety culture, project management
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and quality management. Many quality issues have been identified in the reviews
conducted in connection with STUK’s monitoring of manufacture and site procedures.
17.6

Licence holder’s quality management system during operation
The general part of TVO’s management system is the type of licence holder’s quality
management programme called for in Section 36 of the Nuclear Energy Decree. It
covers the nuclear power plant’s production activities, maintenance and development
of the production capacity, construction of additional production capacity and the
functions required for their control and resourcing. It describes the licence holder’s
quality management used by the licence holder to ensure that its own activities are of
sufficient quality. During the construction of the Olkiluoto 3 nuclear power plant unit,
the Olkiluoto 3 project quality plan provides guidelines for the project activities. The
general part of the management system describes, for example, TVO’s mission,
vision, values, company-level policies and quality management principles for
operational processes. The function part of the management system consists of
process models and manuals and procedures controlling the activities. Quality
assurance is responsible for the confirmation of the compliance of activities through
audits. The operations manual is made available to everyone in TVO’s internal
system.

17.7

Review result
Based on the review, STUK finds that the description of the quality management
procedures during design, construction and commissioning presented in Chapter 17
(version B) of the Final Safety Analysis Report is sufficient. It includes very brief
references to procedures during operation. The purpose of the chapter is to confirm
that valid construction-time quality management procedures have been implemented
to the extent and purpose required by the safety significance of the systems,
structures and components and the quality level set for the design and component
manufacture has been achieved through the activities.
STUK considers that the quality management procedures during construction have
evolved based on feedback and experience, the quality issues have been solved and
the corrective measures have been completed. The management system of the
licence holder and plant supplier can be considered to be in compliance with the
regulatory requirements set for a management system. STUK required FSAR
Chapter 17 be updated up-to-date, as it was written for the early phase of the project.
The chapter was updated and supplemented with a new appendix that provides a
better description of the phases during construction. Sufficiency of procedures and
activities during operation are also addressed in the appendix. The description
provided is sufficient.
The licence holder’s management system procedures and the associated quality
management procedures during operation are consistent with those currently in use
at the Olkiluoto 1 and 2 nuclear power plant units. These are briefly but sufficiently
described in FSAR Chapter 17. STUK has reviewed and approved the general part of
the management system and the project quality plan. According to STUK’s view, the
management system during plant operation of the Olkiluoto 3 nuclear power plant
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unit is in compliance with the requirements set for a nuclear industry management
system.
In the new YVL guides, requirements concerning quality management during
construction are specified in Guides YVL A.3, “Management systems for nuclear
facilities”, and YVL A.5, “Construction and commissioning of a nuclear facility”. Guide
YVL A.3 does not contain any significant new requirements regarding quality
management. Guide YVL A.5 is new, and it has not been applied in the Olkiluoto 3
project. The situation with the project was taken into account in the implementing
decision. Deviations from the requirements of Guides YVL A.3 and YVL A.5 were not
granted.
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18

Human-machine interface (Human Factors Engineering)

18.1

Introduction
Chapter 18, “Human Factors Engineering”, of the Final Safety Analysis Report deals
with human-machine interface and management of human factor-related procedures
(Human Factors Engineering, HFE) used to ensure the appropriateness of the
solutions. The so-called Human Factors Engineering programme (HFE programme)
is an essential part of the whole. Its purpose is to ensure that human factors are duly
considered in the design and, therefore, that the nuclear power plant is operated in a
safe and efficient manner.
STUK Regulation on the Safety of a Nuclear Power Plant (STUK Y/1/2016), Section
6, sets a requirement for the management of human factors related to safety for the
duration of the entire life cycle of a nuclear power plant. The procedures described in
the HFE programme are part of the management of human factors. Chapter 3.13 of
Guide YVL 1.0 further specifies the requirement to avoid human errors especially in
the control room design and when planning control room activities. Requirements
concerning the design of human-machine interface are also presented in Chapter 3.6
of Guide 1.0 and Chapters 2.3, 2.4 and 2.5 of Guide YVL 5.5. General requirements
concerning the quality of design also apply to HFE activities.
The HFE programme presented in Chapter 18 of the Olkiluoto 3 nuclear power plant
unit’s Final Safety Analysis Report is based on IEC Standard 60964 (Design for
control rooms of nuclear power plants). In addition, standards IEC 61839 (Nuclear
power plants – design of control rooms – Functional analysis and assignment) and
NUREG-0711 (Human Factors Engineering Program Review Model) have been used
in a consultative manner in determining the various design phase approaches.
Standard IEC 61771 (Nuclear power plants – main control rooms – verification and
validation of design) has been used as a base for the V&V plan.
Requirement 5303 of Guide YVL B.1 requires that control room design shall be
governed by the HFE programme. Similar requirement did not exist in the old guides.
In the Olkiluoto 3 project, the plant supplier has used an HFE plan in compliance with
the requirement. TVO has instructions for procedures during operation.

18.2

Scope of HFE activities
The purpose of HFE activities at the Olkiluoto 3 nuclear power plant unit has been to
develop the interaction between the people working at the facility and the technology
to a level facilitating as safe and efficient use of the facility as possible. The HFE
programme has been applied, for example, in the design of physical work
environments, user interfaces and the division of work between automation and
humans. The main focus has been on the main control room and on the remote
shutdown station and the associated user interfaces. HFE has also been utilised in
the design of the local control positions and premises related to plant operation. HFE
activities cover cooperation between various operations, including user interface,
control room, procedure and system design, training, design and implementation of
verification and validation and HFE activities during operation.
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Assessment of human reliability (Human Reliability Analysis, HRA) was conducted as
part of the plant’s probabilistic risk assessment. HRA results have been utilised in the
plant design insofar it was found in the analysis that human activities had an impact
on the risk. The same event sequences are also utilised as part of the validations
carried out within the HFE programme. Furthermore, HRA produced documentation
material for the planning of the simulator training.
Operating experience has been analysed from the viewpoint of HFE during the EPR
design phase. In addition, solutions compatible with practices related to the operation
of the Olkiluoto 1 and 2 nuclear power plant units have been sought in the design of
the Olkiluoto 3 nuclear power plant unit.
18.3

Implementation and design impact of the programme
The HFE programme of the Olkiluoto 3 nuclear power plant unit has been
implemented phase by phase as the plant project has progressed. The phases of the
HFE are as follows: 1) Design and management, 2) Requirements, concepts and
instructions, 3) Analyses, 4) Verification and validation, and 5) Integrated system
validation. In the first phase, the HFE programme was accommodated more
specifically to the project, official requirements and international standards.
The operating concept and the associated requirements for the various design areas
were created in the second phase. According to the operating concept, the plant is
operated by a three-person shift, supported by a fourth operator and a safety
engineer, if required. The operation is implemented using display technology
whenever possible. Hardwired user interfaces are used when the digital user
interface is inoperable. The requirement phase also included the development of the
control room layouts and use of space and the principles for the user interface
design.
In the analysis phase, a task analysis was conducted on the basis of the functions of
the I&C system. The purpose of this analysis was to determine the optimal division of
work between humans and automation. The process, safety, system and I&C design
were used as input data in the analysis. The analysis phase also included analysis of
operating experience from the control rooms of the previous generation plants. The
purpose was also to consider operating experience from the operating TVO facilities.
Evaluation of the planned operator tasks from the viewpoint of the limitations and
possibilities of human activity was part of the design phase.
In the verification and validation (V&V) phase, HFE activities were focused on the
control room user interfaces, main control room and remote shutdown station
premises, operator work areas, local control positions, operating procedures and
operator training. All the design solutions listed above are verified and validated.
Integrated system validation applies to a whole consisting of the entire control room,
operating procedures and operator training. Integrated validation is conducted by a
body that is fully independent of the design.
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18.4

Organisation of HFE activities
The HFE programme of the Olkiluoto 3 nuclear power plant unit has been
implemented mainly by the plant supplier who has had a designated HFE team with
trained HFE experts as its members. The plant supplier’s HFE team has worked in
cooperation with other engineering branches ensuring by various HFE procedures
the success of the design solutions from the viewpoint of human factors. In terms of
its organisation, the plant supplier’s HFE team is part of the Process and Safety
function.
TVO has participated in the completion of the HFE programme mainly in the
supervisory role. The future shift teams of the Olkiluoto 3 nuclear power plant unit
have participated in the HFE validation activities as end users.

18.5

HFE activities during operation of the Olkiluoto 3 nuclear power plant unit
During the operation of the nuclear power plant, the purpose of HFE activities is to
ensure that the whole consisting of the control room, procedures and operator
training continuously fulfils the performance targets set for it. TVO is responsible for
HFE activities during operation. The main procedures include modification
management, operating experience feedback and operator training. The procedures
are implemented consistently with the TVO:n Olkiluoto 1 and 2 nuclear power plant
units.

18.6

Review result
FSAR Chapter 18 presents a sufficient description of the human-machine interface
and HFE procedures used in its design at the Olkiluoto 3 nuclear power plant unit.
The design and implementation of the plant has utilised various HFE procedures to
improve the performance of the human–technology system and minimise the
possibility of human errors in the operation of the plant. The focus of the procedures
used is on the assessment, verification and validation of the design solutions. The
requirements specified in Section 6 of STUK Regulation Y/1/2016 on the
management of human factors and Guide YVL 5.5 on the design of the control room
are met.
Demonstrations of the functionality of the design solutions are still incomplete, and
the integrated validation of the control room is yet to be started. This does not prevent
the granting of the operating licence as STUK shall verify the results of the validations
before granting the loading licence.
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19

PRA
Probabilistic risk assessment (PRA) has been submitted to STUK as part of the
operating licence documentation. STUK has made a separate decision on it.
The FSAR contains a brief description of the PRA and a summary on the coverage of
the PRA, procedures used in it and the main results of level 1 and level 2. With
regard to more detailed results, there are references to the actual PRA
documentation. The presentation also describes how PRA was used in the design
and during construction, and the most important applications of PRA. The PRA is
covered in Guide YVL 2.8, which has been replaced during the construction of the
plant by Guide YVL A.7 (15 November 2013). Guide YVL A.7 will enter into force for
the Olkiluoto 3 nuclear power plant unit starting from the granting of the operating
licence without deviations. Both above-mentioned guides present the same
probabilistic design criteria:
–
–

The expected value of core damage frequency is less than 10-5/year; this is
assessed in the analysis phase PRA level 1.
The expected value of the frequency of a release exceeding the target value (100
TBq Cs-137) defined in Section 12 of the Government Resolution (395/1991) is
smaller than 5·10-7/year; this is assessed in the analysis phase PRA level 2.

Government Decree (VNA) 395/1991, Section 12, has been replaced by Section 22 b
of the Nuclear Energy Decree (161/1988) during the construction of the Olkiluoto 3
nuclear power plant unit, but the Cs-137 release target value has not changed.
The main results presented in the FSAR demonstrate that the above criteria are met.
The submitted PRA documentation, methodology and results have been covered in
more detailed in a separate inspection report prepared of the PRA.
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20

Decommissioning
Chapter 20 of the Final Safety Analysis Report deals with the decommissioning of the
plant. The chapter describes the basic decommissioning implementation principles,
such as the decommissioning strategy. An appendix to the chapter presents the
decommissioning plan for the purpose of the operating license phase.

20.1

Description of the decommissioning of the Olkiluoto 3 nuclear power plant unit
Chapter 20 provides a description of the general principles of the decommissioning of
the plant, regulatory background, general implementation, decommissioning waste
inventory assessment, radioactive decommissioning waste inventory assessment and
assessment of the radiation impacts of the decommissioning. The design and method
of implementation of the decommissioning are further specified in the
decommissioning plan submitted as an appendix to FSAR Chapter 20.
The Final Safety Analysis Report presents the starting points for the implementation
of the decommissioning, immediate decommissioning and dismantling of the
Olkiluoto 3 nuclear power plant unit after 60 years of operation. When dismantling the
power plant units, the systems and structures containing radioactive materials will be
separated in such a way that the portion that will not be dismantled can be released
from regulatory control under the Nuclear Energy Act. The radioactive dismantling
waste will be disposed of in facilities constructed in connection to the on-site final
disposal facility for power plant waste. The estimated silo volume required for the
plant unit’s decommissioning waste is 15,000 m3. According to the plan, the reactor
pressure vessel and other large components will be placed in final disposal without
sectioning them into pieces.
TVO submitted the decommissioning plan of the Olkiluoto 3 nuclear power plant unit
to STUK for approval in February 2016 and its update in September 2017. The
document was one of the documents to be submitted during the operating license
stage as specified in Section 36 of the Nuclear Energy Decree (161/2008). STUK
reviewed the plan and commented on it in a separate decision. The decommissioning
plan shall be updated every six years, and it is an appended supplementary
document to Chapter 20 of the safety analysis report.

20.2

Review result
Based on the review, STUK finds that the description of the decommissioning of the
Olkiluoto 3 nuclear power plant unit provided in Chapter 20 of the Final Safety
Analysis Report is sufficient for the purposes of the operating license phase. STUK
has separately assessed Chapter 20 of the safety analysis report and the
acceptability of the decommissioning plan concerning the Olkiluoto 3 nuclear power
plant unit.
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21

Nuclear security arrangements

21.1

Introduction
TVO has submitted as part of the Final Safety Analysis Report an EPP bundle
concerning the nuclear security arrangements (EPP bundle, FSAR Chapter 21). Key
documents include the system descriptions of the security surveillance and control
systems and the whole formed by the systems, the associated licence holder’s safety
assessments, documents concerning structural protection and access control and
documents dealing with protection against toxic substances and an aircraft crash.
Other nuclear security arrangement documents included in the operating licence
application (Section 36 of the Nuclear Energy Decree), security standing order,
security plan and transport security plan with appendices and references have been
reviewed and processed as individual separate matters. The above deal with security
arrangements as a whole and the associated organisational, administrative and
operative arrangements as well as technical security surveillance and control and
structural protection. The documents in the EPP bundle provide a more detailed
description of the security arrangement elements related to the technical security
surveillance and control and structural protection.

21.2

Description of the matter
A nuclear facility’s security arrangements are part of overall safety and security. They
help secure operational safety during normal plant operation through access control
and guidance, for example. The primary aim is to protect the use of nuclear energy
against unlawful activity: prevent and detect possible security incidents and
anomalies – related to physical or information security– and implement the
appropriate response.
The content of the security arrangement documents is compliant with the stipulations
in Sections 7 l–o of the Nuclear Energy Act.
The requirements of Guide YVL 6.11 and 6.21 are met through measures. The
supplements concerning the measures and required for the security arrangement
documents have been specified in the decisions on the security plan and transport
security plan. The measures mainly concern the documentation of the procedures.
The implementing decision of Guide YVL A.11 included some requirements and
approvals of deviation by STUK. The requirements of Guides YVL A.12 and D.2 are
fulfilled without deviations as is or through measures.

21.3

Review result
Chapter 21 (EPP bundle) of the Final Safety Analysis Report contains technical
documentation concerning the nuclear security arrangements, such as the system
descriptions and the associated licence holder’s safety assessments. The majority of
the documentation in Chapter 21 has been approved or already processed as
received for information.
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STUK presented requirements in connection with the processing of the security
standing order and security plans. The security standing order, security plan and
transport security plan supplemented in accordance with the requirements have been
approved (decisions 19/20/21/C42217/2017). Based on the assessment prepared for
the implementing decision of the YVL guides and the design basis threat and the
review of TVO’s security arrangement documents, the security level specified in
Regulation STUK Y/3/2016 is achieved in accordance with the current threat
assessment.

