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Summary
The results of the stress tests show that whether we use ENSREG
postulated events or stress the plants with extreme values (probability less
than 10-7 per site), releases will be within permissible levels. This is due to
the impact of the mitigation systems that handle severe accidents.
The facilities have also been upgraded in terms of safety during completed
and ongoing safety-upgrading and modernization projects.
No exceptions to the SAR have been detected. For O2, the PLEX project is
currently in progress. Once this is completed, an upgrade of all facilities
will have been implemented to match the requirements from the authorities
that are known today. PLEX will also straighten out any questions about
the status of using the gas turbine as a primary power source for O2 versus
using them as a diversified source of power to all units.
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A number of possible measures to improve the stations' resistance to
extreme events and to increase endurance during prolonged accident
sequences have been identified and should be implemented or investigated
further.
Examples of these are:
−

Review the storage and stocking approach of consumables
for diesels (i.e., lubricating oil, filters) so that they can at
least seven days.

−

Verify gas turbine connections to O3.

−

Evaluate the proposed advantages and disadvantages of
replacing the existing reserve Command Center (KC) with a
suitable facility outside the plant area in order to avoid
having both command centers within the site where both
might be affected by the same bad conditions.

−

For providing makeup water to the fuel pools during severe
accidents, a solid pipeline from a protected position should
be installed. This should be seismically qualified. In addition,
some type of robust opportunity to read the level in the pools
from the protected area should be considered.

In order to obtain unambiguous analysis and keep within the allotted time
frame, the units have been analyzed strictly against the SAR and the
ENSREG specification. This may mean that the results may be somewhat
limited, and not quite as fully developed as can be expected in a more
traditional safety analysis. An example of this can be O3, where an
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enhancement / diversification of power supply and / or the residual heat
removal could possibly increase the resistance. However, this type of
change requires considerably longer time to investigate than the time
available.
Our assessment is that the plants have good resistance to extreme events
and the suggestions for improvement that should be prioritized are those
that increase the resilience of the units and increase the possibility of
dealing with accidents in all units simultaneously while under extreme
conditions.

1.1

Projektgodkänd

Background to the stress test
Following an extraordinary meeting held between March 24th and March 25th,
2011, the Council of the European Union declared that Member States are
prepared to begin reviewing safety at nuclear facilities in the European Union
by means of a comprehensive assessment of risk and safety (stress testing).
The Council was of the view that the criteria should be defined on the basis of
experiences gained from the situation in Japan so that the assessments can be
conducted as soon as possible. The Council urged the European Nuclear
Safety Regulatory Group (ENSREG) and the Commission to clarify these
criteria through the participation of Member States.
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On May 12th, 2011, the Swedish Government decided on an assignment for
the Swedish Radiation Safety Authority (SSM), including the national
report in accordance with the criteria agreed within ENSREG.

On May 25th, 2011, SSM required all Swedish nuclear power plants
(NPP) to perform reassessments in accordance with the joint specifications
for the stress tests as agreed between European nuclear safety regulatory
authorities and the European Commission within the framework of
ENSREG. Furthermore, the Swedish stress tests also include the Swedish
central interim storage facility for spent nuclear fuel (Clab) and the scope
of the Swedish stress tests has been extended to contain evaluations of
extreme weather conditions.

1.2

Methodology for the stress test
In an order dated May 25th, SSM ordered OKG Aktiebolag (OKG) to
carry out revised safety assessments of the resistance of the Oskarshamn 1,
2 and 3 reactors to earthquakes, floods and extreme weather events as well
as prolonged loss of electricity supply and heat sink, regardless of the
reason that this should occur.
OKG would in addition analyze and evaluate the facility’s readiness and
preparedness measures to take care of severe accident sequences under the
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assumption of widespread damage to surrounding infrastructure and with
radioactive contamination at the site.
Stress testing of the Oskarshamn plant and its management has been
implemented partially on a unit-specific basis and partially for the whole
plant site.
Analytical work on the postulated events has been performed using the
method described and given in the structure of "ENSREG document".
This means that the first step in the analysis is to describe the plant's
existing design to withstand the postulated events. The basis for this
description is the as-licensed design in accordance with the safety analysis
report (SAR).

Projektgodkänd
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This was followed by the re-analysis of the plant's ability to handle the
postulated events. In this new analysis, the impact of the events was not
limited to the levels that the plant is designed to withstand. During the
analysis the loads were increased, or alternatively protective functions
were degraded, to such a level that required safety features could not be
guaranteed and fuel damage was obtained.
During the analysis of the plant characteristics with beyond design basis
loads, realistic approaches were applied. Engineering judgments were also
made in accordance with the ENSREG document when detailed beyond
design basis calculations were not available.
Within OKG the stress test work has taken place in a project established
for the intended purpose – Project Kent. The project is staffed by more
than 20 skilled and experienced professionals with various specialties.
OKG chose to divide the work and reporting in the following six parts.
The figure is intended to clarify the scope and boundaries of each part as
well as the interfaces between them.
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O1

O2

O3

Earth
quake
Flooding

SAM
SBO
LooUHS
LS,SKBm fl
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Maintenance
Hydrologi

EmergencyResponse
Transp.

Food

Geology
Meterology

In addition, a constant dialogue has been going on with the other Swedish
power plants, Ringhals and Forsmark, and the SKB, which owns the Clab
facility. In addition, owners E.ON and Vattenfall have been represented.
The purpose of the exchange was to reach an industry-wide agreement on
the ambition level, prerequisites and assumptions, etc. Cooperation has
been good and has resulted in a common approach and an agreed reporting
format.
Furthermore, a series of meetings were held between the plants’ working
groups and SSM to align the focus and progress. As a final step of this
ambition, SSM has spent a few days visiting each plant to get a better
insight into the results that have emerged.
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2

Description of the units

2.1

The plant site

View over the Simpevarp Peninsula.
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2.1.1

Geographic Location
The Oskarshamns site is situated on the Simpevarp peninsula in the north part
of Kalmar sound of the Baltic Sea, about 30 km north of Oskarshamn in
Oskarshamn’s Municipality in Kalmar County.
The distance from the capital, Stockholm, is north 330 km. Malmoe and
Gothenburg are located about the same distance south and east
respectively from the site. Other large cities in the vicinity are Kalmar
(95 km), Linköping and Norrköping (170 km respectively). The nearest
major airport is Kalmar Airport.
The area around the nuclear plant is sparsely populated. Only about
150 people live closer to the plant than 5 kilometers. Within a radius of
20 km, the corresponding figure is just under 1400 people.

2.2

Exposure to weather, wind, earthquake and other
environmental conditions
Like all other Swedish nuclear power plants, the Oskarshamn plant site is
located on stable bedrock and along the coastline in order to be able to use
the sea as a heat sink.
The location along the western shore of the Baltic Sea causes the following
effects of weather, wind and other external environmental conditions.
The information is extracted from Chapter 3 of the SAR.
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2.2.1

Wind
The wind situation is affected by the area's coastal location where the sea
breeze and other effects can cause local wind variations. The average wind
speed is 4.2 m/s. The estimated extreme wind speed, with a return period
of 100 years, is 24.7 m/s at 10 meters above the ground (and gusts to
39. m/s).

2.2.2

Temperature
The average temperature per month (average for the period from 1961 to
1990) is 17.0 °C for the warmest month (July) and -0.2 °C for the coldest
(January and February). The highest temperatures recorded in Kalmar and
Västervik during the period from 1876 to 1998 are 35.2 °C and 34.0 °C,
respectively. The lowest temperatures recorded at those locations are
-31.0 °C and -33.1 °C, respectively.

2.2.3

Precipitation
Annual precipitation is low (about 550 mm), because the landscape is in
the rain shadow behind the highlands of Småland. Approximately 18%
falls as snow. Most precipitation falls on average during the months of
July through September. Minimum quantities generally fall during
February and March.
Maximum rainfall intensity varies strongly with the extent of weather
conditions at the time. In connection with short thunderstorms, the rainfall
intensity can be very high, estimated to be at least 5 mm/min, whereas
during a day-long rain the intensity is rarely higher than 5 mm/hour.
The maximum daily precipitation measured in Sweden by SMHI is
198 mm (Norrbotten 1997).
The following table provides a summary of the results of an analysis of
extreme precipitation days for various return periods for the sites of
nuclear power plants in Sweden (source: SMHI).
Site Location

Ringhals
Simpevarp
Forsmark
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Extreme daily precipitation (mm)
100 year return
1000 year return
period
period
70-100
90-105
90-110
120-140
100-115
145-155

10 000 year return
period
115-130
150-180
190-200
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2.2.4

Sea levels
The variation of the water level in the Baltic Sea is controlled by the
inflow and outflow through the Öresund and Danish straits as well as the
inflow from the rivers. The volume of flows through straits is controlled
by air pressure variations and the associated wind conditions. Strong winds
from the west to the northwest cause the strongest inflows while winds
from the east to the northeast cause corresponding outflows. Persistent
high pressure over the Baltic Sea generally causes low sea water levels.
The sea water level locally is also affected by the wind. In the Baltic, the
influence of tides is very small, at most about 0.1 m.
SMHI has registered the water level in Oskarshamn since 1975, and it
represents quite well the water level outside the Oskarshamn plant site.
The highest water level was measured in January 1983 at +100 cm above
mean sea water level. The lowest water level was measured in November
1979 at 75 cm below mean sea water level.

2.2.5

Ice conditions
In the coastal area at Simpevarp, icing normally occurs in early February
and not before the beginning of January. Ice usually occurs in late March
and by the end of April. Ice thickness is normally between 15 and 20 cm
and a maximum of 45 cm. Hamnefjärden is always ice-free thanks to the
cooling water discharge.

2.2.6

Geological and seismic conditions
Good knowledge of the bedrock in Simpevarp area has been obtained in
connection with the expansion of various mountain sites such as cooling
tunnels for the reactors, various caverns (Clab, BFA) and the 3600 m long
Äspö tunnel down to 460 m depth. The bedrock in the plant area is
dominated by two categories of rocks, granite and volcanic rocks.
Scandinavia is characterized as a region of low seismic activity. Southeast
Sweden does not deviate from this. An abundant fracturing of the bedrock
in southern Sweden (which includes the Oskarshamn area) causes the
displacements in the bedrock to occur mainly by creep, and not by sudden
shifts that can cause earthquakes. An earthquake of magnitude 4 or larger
is not expected to happen closer than 175 km from Oskarshamn.

2.2.7

Tsunami och high waves
The phenomenon tsunami is not relevant because of the site location at the
west coast of the Baltic Sea. The area is seismically calm and the Baltic
Sea is too shallow for a tsunami to be created. Therefore no tsunami is
assumed when evaluating margins.
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About 100 m outside the sea water intake the small islands Tallskär and
Gloholmen together with the harbor pier constitute a protective reef
against sea waves. Further the buildings are situated with distance from the
shoreline and are erected on rock with a ground level of several meters
above the normal average sea water level in the Baltic Sea. Thereby the
plant is insensitive to wave surge and extreme sea waves are therefore not
evaluated.

3

Basic construction of facilities, design principles.
divisions, separation, diversity, power supply

3.1.1

Site characteristics
On the site there are three nuclear power units. The licence holder is
OKG AB. All three units are of Asea-Atom design and of BWR type with
pressure suppression type containments (pre-stressed concrete
containments with steel liners).
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The reactors have all been designed and built by Asea Atom, but belong to
three different "reactor generations." Recently, units O1 and O3 have been
modernized and a major modernization project is in progress at O2. The
common denominator is that all units have safety measures implemented
gradually as new knowledge and requirements to come.
On the site there is also a central interim storage for spent fuel for the whole
Swedish nuclear programme. The storage is owned and operated by Svensk
Kärnbränslehantering AB, SKB. It is an underground storage facility with
fuel pools in granite vaults about 30 m underground.
The OKG unit 1 and 2 are built together at the southern part of the Simpevarp
peninsula. The height of the reactor building of unit 1 is 57 m above the
ground and the height of the ventilation stack of unit 1 is 76 m above ground
and for unit 2 it is 116 m above ground. The ventilation stacks are connected
to each reactor building. The ground level for unit 1 and 2 is 6 m above
normal sea water level.
The unit 3 is situated separately from unit 1 and 2 on the north eastern part of
the peninsula. The height of the reactor building rises 60 m above ground and
the ventilation stack is 103 m above ground level and connected to the reactor
building. The ground level for unit 3 is 3 m above normal sea water level.
After the TMI accident the Swedish government decided that all Swedish
NPPs should be able to cope with a core melt accident without leading to any
casualties or ground contamination of importance to the population.
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This lead to an extensive back fitting of O1 – O3 with main features as
follows:
Filtered containment venting through an inerted multi venturi
scrubber system (MVSS) with a decontamination factor of at
least 500

−

Independent drywell sprays

−

All mitigating systems are designed to withstand an
earthquake

−

A comprehensive set of SAMGs (Servere Accident
management Guidelines)

Because of these requirements, there are separate buildings at the site for the
filter systems which are to be used at severe accidents to mitigate the
consequences from a core melt down scenarios. Unit 1 and 2 share one
common filter system but unit 3 has its own filter. However the capacity of
the common filter for unit 1 and 2 has the capacity to serve both. The
connection from unit 1 and 2 to the filter buildings are under ground for unit 1
and 2 while unit 3 has a connection above ground.

Projektgodkänd
Projektgodkänd

−

On the site, within the fenced off area close to unit 2, there are two gas
turbine units with 40 MWe capacity each, diesel oil storage tanks
(max capacity 12 000 m3) and workshop buildings necessary for the most
common repair and maintenance work. In the fenced off area there are also
interim storage for radioactive parts in an underground vault.
The gas turbines serve primarily unit 2 but also unit 1 is automatically
connected. Unit 3 could also be connected but in this case manual operations
are needed. Each gas turbine unit has two gas generators and two turbines
connected to a common generator with the capacity of 40 MWe.
Outside the fenced area there are housing areas for employees working at the
power plant temporarily, the old Simpevarp village with information expo
and a small hotel, hydrogen plant, outer switchyard, fire station, meteorology
mast, sanitary water plant and a harbour.
Raw water is supplied from the lake Götemaren or as a back up from a water
pond (Söråmagasinet) fed from the creek Sörå with outlet into the pond.
Power is supplied to the national grid by four 400 kV transmission lines
(towards Kimstad, Glan, Nybro and Alvesta) and four 130 kV transmission
lines (towards Fårhult, Mariannelund and two towards Oskarshamn south).
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Cooling water is taken from the Baltic Sea. The cooling water to unit 1 is
from a surface intake while unit 2 and 3 are cooled by deep water intakes
through two rock tunnels from about 500 m from the shore line. One tunnel
goes to unit 2 and one tunnel goes to unit 3. In the future (estimated 2013) the
unit 1 should also be connected to the unit 2 tunnel. The unit 2 intake can also
take water from the same surface intake as unit 1 when needed.
Hydrogen explosions cannot occur in the containment because the
containment is nitrogen-filled and the oxygen that is present or formed is
consumed in the oxidation process. If the containment must be vented, this
is done through the filter.

3.2

3.2.1

Characteristics of the units
Unit

Type of
reactor

Thermal
power
MWt

Gross
electrical
output
MWe

First
criticality

O1
O2

BWR
BWR

1375
1800

492
661

O3

BWR

3900

1450

12 Dec 1970
06 March
1974
29 Dec 1984

Unit 1
Unit 1 went into commercial operation in 1972. It was the first boiling
water reactor in Sweden independent developed by Asea Atom.
The reactor core consists of 448 fuel assemblies and about 20% of them
are replaced at the yearly outage. The power is controlled by 112 fine
motion control rods and by the main recirculation flow (four speed
controlled external circulation pumps).
The containment has a design pressure of 450 kPa and is inerted by
nitrogen. Connected to the containment, on top of the containment head, is
the connection to the Multi Venturi Scrubber System (MVSS) which is
used in case of severe reactor accidents leading to a core melt down.
The turbine plant consists of a radial high pressure turbine with two
counter rotating shafts. On each shaft there are one simple and two double
axial low pressure turbines. On each shaft there is a generator with a water
cooled stator and a hydrogen cooled rotor. The generator is connected to
the 130 kV grid.
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The electrical power system is divided in two separated parts. When the
power plant is not in operation the plant is fed from the 130 kV grid. The
safety classified electrical systems is divided in four subs A-D and each
sub has its own emergency diesel generator. The unit can also be feed from
two gas turbines common with unit 2.
As part of Project O1 MOD (1994-2002), among others things the
following safety measures were performed: new Emergency Control
building with two new diesels and new electrical installation. In addition,
the control rooms and control systems were modernized. This was done in
order to achieve higher safety and to obtain modern equipment and a
modern design. Seismic qualification of safety classified equipment was
performed in connection with this project.

Projektgodkänd

Unit 2
Unit 2 went into commercial operation in 1975. It is a boiling water reactor
in Sweden from Asea-Atom.

Projektgodkänd

3.2.2

The electrical power system is divided in two separated parts. When the
power plant is not in operation the plant is fed from the 400 and the
130 kV grid. The safety classified electrical systems consists of two
emergency diesel generators and two gas turbines. The gas turbines can
also feed unit 1 and 3.

The reactor core consists of 444 fuel assemblies and about 20% of them
are replaced at the yearly outage. The power is controlled by 109 fine
motion control rods and by the main recirculation flow (four speed
controlled external circulation pumps).
The containment has a design pressure 500 kPa and is inerted by nitrogen.
Connected to the containment, on top of the containment head, is the
connection to the Multi Venturi Scrubber System (MVSS) which is used in
case of severe reactor accidents leading to a core melt down.
The turbine plant consists of a double axial high pressure turbine and three
double axial low pressure turbines. On the same shaft a generator is
coupled, with a water cooled stator and a hydrogen cooled rotor. The
generator is connected to the national 400 kV grid.

The modernization of O2 is not yet fully implemented (2006-2012). One
of the objectives of Project PLEX is to verify that the plant can be taken to
a safe condition during an earthquake. Within the scope of PLEX, among
other things the following safety measures are implemented: two new
control buildings with new electrical installation, four new diesels, new
cooling chain and modernized control room.
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3.2.3

Unit 3
Unit 3 went into commercial operation in 1985. It is a boiling water reactor
in Sweden from Asea-Atom and a twin to Forsmark 3.
The reactor core consists of 700 fuel assemblies and about 25% of them
are replaced at the yearly outage. The power is controlled by 169 fine
motion control rods and the main recirculation (eight speed controlled
reactor internal circulation pumps).
The containment has a design pressure 600 kPa and is inerted by nitrogen.
Located to the upper part of the containment is the connection to the Multi
Venturi Scrubber System (MVSS), which is used in case of severe reactor
accidents leading to a core melt down.
The turbine plant consists of a double axial high pressure turbine and three
double axial low pressure turbines. On the same shaft a generator is
coupled, with a water cooled stator and a hydrogen cooled rotor. The
generator is connected to the national 400 kV grid.
The electrical power system is divided in four separated parts. When the
power plant is not in operation the plant is fed from the 400 and the
130 kV grid. The safety classified electrical systems are divided in four
physically and functional subs A-D and each sub has its own emergency
diesel generator. Manual connection is possible to the gas turbine at unit 2,
all necessary cabling is in place.
Within the scope of Project PULS (2004-2009) among other things a new
cooling chain was installed.

3.3

Safety characteristics and significant differences
The unit 1 has a safety classified 2-train emergency auxiliary condenser
connected to the main steam line and to the return of the condensate to the
main recirculation loop. The heat sink is the atmosphere. The condenser
can also be used during normal operation when the plant is shut down. The
auxiliary condenser is automatically taken into operation at scram. The
two emergency diesel generators supplying the auxiliary feed water and
the auxiliary condenser are air cooled.
Unit 1 has surface water cooling water intake. Unit 2 and 3 have deep
water cooling water intake. Unit 2 can alternate between surface water
intake and deep water intake when needed.
The unit 1 and 2 has a common storage of diesel oil to supply the day
tanks to the gas turbines and emergency diesel generators. The storage
tanks are placed inside the fenced off area close to the main guard
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building. Unit 3 has separate underground storage tanks for each
emergency diesel generator which supply the day tanks.
Unit 1 and 2 have external main recirculation loops. Unit 3 has internal
main recirculation pumps as integral part of the reactor pressure vessel and
fly wheels for prolonged roll outs. There are no external pipe nozzles
below the core level in the unit 3 reactor pressure vessel.
The following tables describe the main features of the Unit 1, 2 and 3
plants:
Plant

Reactor

Containment

Electrical power

O1

BWR/G1/
A-A External
MCP

A-A 0,45 MPa, inerted.
Similar to Mark II

492 MWe

O2

BWR/G2/
A-A External
MCP

A-A 0,5 MPa, inerted. Similar
to Mark II

661 MWe

O3

BWR/75
A-A Internal
MCP

A-A 0,6 MPa, inerted. Similar
to an improved Mark II

1450 MWe

Plant

HPCI

RPV heat
removal/
Cont. Cooling

LPCS

Aux
condenser

Emergency
power

O1

2x100%

0/
2x100%

2x100%

2x100%

4x100% DG+
1x100% GT

O2

2x100%

2x100 %/
2x100 %

2x100%

No

2x100% DG +
2x100% GT

O3

4x100%

2x100%/
4x100%

4x100%

No

4x100% DG

Classification level

Confidential

Misc

Main feed water powered
from gas turbines with
automatic start at scram
and when core cooling is
needed

Proj

Current status

Registration No.

Edition

Page

Project Approved

2011-23986

1

16 (34)

Document name

3.4

Projektgodkänd

Mitigation Systems – TMI. The basic philosophy, design
After the Three Mile Island accident in the United States in 1979, the Swedish
government decided that all Swedish NPPs should be capable of withstanding
a core melt accident without any casualties or ground contamination of
importance to the population.
This resulted in an extensive backfitting for all Swedish NPPs, including:
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3.1 Report

−

Filtered containment venting through an inerted multi-venturi
scrubber system (MVSS) with a decontamination factor of at
least 500

−

Independent drywell sprays

−

All mitigating systems designed to withstand an earthquake

−

A comprehensive set of severe accident management
guidelines

As a result, scrubber filter systems were installed for each unit. At the
Oskarshamn site, Unit 1 and Unit 2 have a shared scrubber filter system.
However, this system is designed to withstand accident conditions
simultaneous for both units.

It was assumed during design that the environmental protection
requirements can be met if containment integrity is maintained during the
accident sequence (core melt-scenario) and that the releases and leakage
from the containment can be controlled and treated.
Several potential threats to containment integrity occur during the core
melt process. Briefly, these can be categorized into the following groups:
pressure loads due to gas and steam generation, temperature loads due to
the high temperature of the molten core, impulse loads due to the
interaction between the molten core and water, concrete removal due to
contact between the corium and concrete as well as high temperatures and
aggressive materials.
The selected design basis event is a total loss of all non-battery backed
power supply in the plant, which is not the expected event but the one that
creates the most difficult requirements for the new systems. Virtually all
core melt sequences probably contain some sort of breakdown in the
plant's electrical power network, which supports the assumption that this
cannot be credited in a reasonable time for the handling of the accident.
Even a sequence with a pipe break inside the containment in combination
with major leakage across the diaphragm floor has been studied.
Classification level

Confidential

Proj

Current status

Registration No.

Edition

Page

Project Approved

2011-23986

1

17 (34)

Document name

Projektgodkänd

3.1 Report

A main criterion for the design of release limitation functions is that no
manual actions have to be performed until well into the sequence of
events. Two different time frames are defined. After eight hours, credit
may be taken for simple measures that have been foreseen and are well
defined in the emergency operating procedures. After 24 hours, external
intervention in the form of personnel or materiel is possible as well as
efforts that are not backed by procedures.
The scrubber is a piece of technology that provides a specified separation
of radioactive substances from vapor-gas mixture passing through venturi
nozzles immersed in the scrubber water basin. The design is such that
venturi nozzles always operate with optimum performance regardless of
the incoming gas stream size, thanks to more nozzles automatically
(passively) being involved as the gas flow rate increases.

Projektgodkänd

During analysis of core melt sequences it has been shown that the amount
of activity that leaves the containment is less than 1%. In order to cover
uncertainties and variations in a core melt sequence, the scrubber was
designed with a decontamination factor of 500.
The primary function of the scrubber is to purify the initial gas flow, which
consists mainly of non-condensable gases, during which time the water in
the scrubber is cold. The secondary function is to cleanse the steam that
may be released late in the process in order to cool the reactor
containment.
The location of the scrubber and piping takes into account that very active
gases will be transported and that the radioactivity can be deposited in the
pipes. Upon completion of depressurization of the reactor containment, the
scrubber water content must be considered very radioactive. Equipment is
installed to carry the water back to the reactor containment.
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The scrubber requires no auxiliary support systems during the first
24 hours.
Pressure relief via the MVSS filter is viewed not as a loss of containment
integrity but as a method for protecting containment integrity.

3.5

Scope and results of PSA
Probabilistic safety analysis is used to systematically identify, evaluate and
rank different combinations of occurrences that can lead to core damage
or/and radioactive release to the environment. Identification and thus also
possibilities to improve risk dominating events in the nuclear power plant
is one of the main goals of the probabilistic study. The analysis is
probabilistic, meaning it is based on probability and reliability calculations
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and the result is an estimate of the frequency for identified course of
events.
The probabilistic safety analysis is complementary to the deterministic
safety analysis performed in the rest of the Safety Analysis Report General
part (SAR A1 chapter 6).
PSA Level 1 and 2 is performed for all operational modes.
3.5.1

Scope
Scope and initiating events according to the matrix is shown in the table
below.
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Each PSA model is updated after the yearly outage period if the changes
made in the plant affect the PSA model. Changes in SAR are reported to
the regulatory SSM. Changes in SAR are reviewed by the regulatory SSM.

Classification level

Confidential

Proj

Current status

Registration No.

Edition

Page

Project Approved

2011-23986

1

19 (34)

Document name

Projektgodkänd

3.1 Report

3.5.2

Results
Some of the important results from the PSA analysis are presented below.
For the complete result of all PSA analysis see the Safety Analysis Report
(SAR) chapter 6.

3.5.2.1

Unit 1
Power operation
PSA level 1
Consequence
HS1
HS2

Projektgodkänd

HS3

Frequency year-1
5,8E-8
1,44E-5
6,7E-8
1,5E-5

PSA level 2
The total frequency for consequence by release during shut down and start
up is 7,1 E-7/year. LERF (Large Early release Frequency) according to
Regulatory Guide 1.174 is 3,4 E-7/year.
Start and shut down
PSA level 1
Consequence
HS1
HS2

Projektgodkänd

Description
Core damage caused by loss of
reactivity control
Core damage caused by loss of core
cooling
Core damage caused by loss of residual
heat removal
Total

HS3

Description
Core damage caused by loss of
reactivity control
Core damage caused by loss of core
cooling
Core damage caused by loss of residual
heat removal
Total

Frequency year-1
8,8E-7
4,6E-6
9,1E-9
5,5E-6

PSA level 2.
The total frequency for consequence by release during shut down and start
up is 6,6 E-9/year. LERF (Large Early release Frequency) according to
Regulatory Guide 1.174 is 1,2 E-6/year.
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3.5.2.2

Unit 2
Power operation
PSA level 1
Consequence
HS1
HS2
HS3

Description
Core damage caused by loss of
reactivity control
Core damage caused by loss of core
cooling
Core damage caused by loss of residual
heat removal
Total

Frequency year-1
5,9E-9
1,7E-5
9,5E-6
2,7E-5

Projektgodkänd

Projektgodkänd

PSA level 2
The total frequency for consequence by large release during power
operation down and start is 1,1E-6/year. LERF (Large Early release
Frequency) according to Regulatory Guide 1.174 is 9,9E-7/year.
Start and shut down
PSA level 1
Consequence

HS1
HS2
HS3

Description

Core damage caused by loss
of reactivity control
Core damage caused by loss
of core cooling
Core damage caused by loss
of residual heat removal
Total

Frequency year-1
Shut down

Frequency year1

2,7E-9

Start up
2,7E-9

4,0E-7

3,9E-7

5,3E-7

4,2E-7

9,3E-7

1,1E-6

PSA level 2.
The total frequency for consequence by release during shut down and start
up is 1,6 E-7/year. LERF (Large Early release Frequency) according to
Regulatory Guide 1.174 is 1,6 E-7/year.
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3.5.2.3

Unit 3
Power operation
Consequence
HS1
HS2
HS3

Description
Core damage caused by loss of
reactivity control
Core damage caused by loss of core
cooling
Core damage caused by loss of residual
heat removal
Total

Frequency year-1
2,3E-7
6,9E-6
6,8E-7
7,81E-6

PSA level 2

Projektgodkänd

The total frequency for not acceptable release to the environment is
3,9E-7/year. LERF (Large Early release Frequency) according to
Regulatory Guide 1.174 is 2 E-7/year
Start and shut down
Consequence

HS1
HS2
HS3

Description

Core damage caused by loss
of reactivity control
Core damage caused by loss
of core cooling
Core damage caused by loss
of residual heat removal
Total

Frequency year-1
Shut down

Frequency year1

1,8E-8

Start up
3,8E-8

4,3E-7

5,3E-7

3,4E-7

3,1E-7

7,9E-7

8,8E-7

Projektgodkänd

PSA level 2.
No analysis has been performed since the last upgrade of unit 3. This is
due to that the frequency for release is in the same range as during power
operation.
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4

Results of the stress test

4.1

General assumptions
Within the sections about earthquake, flood, loss of ultimate heat sink and
station blackout, the analysis of the accident events was performed up until
the fuel temperature reaches 1500 °C. Thereafter, the analysis is continued
under the topic of severe accidents until core melting develops. The reason
for this is that after this temperature is reached, the sequence of events is
similar regardless of the initial event. The time between reaching 1200 °C,
when the fuel is still intact, and 1500 °C when the fuel damage is
becoming widespread, is small in case of a total loss of electrical power
supplies.
The time margin to incipient core damage at this point is no more than a
few minutes due to the rapid temperature rise caused by the exothermic
reaction between zirconium in the fuel cladding and water. The ENSREG
specification talks about "fuel damage". APRI-1 (Accident Phenomena of
Risk Importance project report 1) says that the core damage occurs at
1500 °C.
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Initiating events with a frequency of less than 10-7 are not analyzed.
Exceptions are postulated.
Power operation and refueling outages are examined.
Effects of the use of common systems and resources are examined.
Minimum allowable levels shall be assumed where this is conservative.
Developments are considered both in the short term event sequence and in
the long term perspective.
Both safety and operational systems are considered if they are assumed to
have survived the initiating event.
Acceptance levels for releases are those that apply to H4 design basis
events according to the SAR.
The acceptance criteria for releases during severe accidents where the
mitigation systems used are found in government decision 12 2717/85
dated 1986-02-27.
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Earthquake
Analyses have been performed for earthquakes with a probability of 10-5
per year (design level). Assessments based on engineering judgment have
been performed for earthquakes with a probability of 10-7 per year
(extreme level).
O1 and O3 are designed to withstand a 10-5 earthquake event without
unacceptable releases. O2 is not designed for earthquakes, but will be
upgraded to cope with the 10-5 earthquake in the ongoing PLEX project.
For earthquake with a frequency of up to 10-7, all the units’ required safety
functions fulfill their duties in such a way that releases above acceptable
levels are avoided by means of the mitigation systems. This means by
filtered pressure relief of the containment.
The mitigation systems are designed to U.S. earthquake standards, but by
taking into account Swedish design basis earthquake levels.
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The mitigation systems can be managed in the long-term course of events
by connection of a portable diesel generator and connections to the fire
water system. This portable diesel generator is shared with several other
functions on the peninsula. Consideration should be given to enhance this
equipment.
Simultaneous use of the scrubber by units 1 and 2 is not analyzed.
Accident sequence and structure is such that the timing of pressure relief
can be selected by the emergency organization.
For the 10-5 earthquake event, there are areas in the various units that
require the same resources. This is primarily the portable diesel generator
and fire water pump.
No obvious areas of improvement regarding design have been identified.
Resistance to earthquakes is considered good.
However, as a consequence of a massive earthquake, hydrogen handling in
the reactor building during severe accidents should be studied and possible
changes in procedures or hardware should be considered.
Permanent piping from a protected location should be installed to provide
makeup water supply to the spent fuel pools during severe accidents. This
piping should be seismically qualified. In addition, some type of robust
possibility to read the level from a protected location should be considered.
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4.3

Flooding
Analyses have been performed for a design basis sea water level of +2.02
m and an estimated extreme level (10-7 per year) of + 2.6 m.
A deviation in the design case exists. The reactor building at O2 may
experience structural damage during external flooding. This has previously
been identified and addressed in PLEX (ongoing modernization project).
After completing of these measures at O2, all units can handle the design
case and probably the extreme case without unacceptable releases.
A cliff-edge effect exists at the level of +3.0 m (0.4 m above the extreme
level). At this level the reactor building structure at O2 is threatened. More
analysis is needed if flooding above this level is to be considered.
The “sloshing” phenomenon of increasing level in the intake at the same
time the main circulating water pumps are stopped has been studied. To
avoid problems with this, it is proposed that the main circulating water
pumps be stopped at a sea level of +1.35 m at O1 and O2. For O3, the
level is +1.5 m.
An elevated water table has been analyzed. For O3, this is not a problem
because the reactor building is designed for a water table up to ground
level. For O1 and O2, engineering judgment indicates that there is plenty
of time to take manual actions before a critical level is reached.
No specific areas have been identified that require shared resources of
technology and equipment.

4.4

Station Blackout
The units can be fed from the external grid, house turbine operation, gas
turbines, auxiliary diesel engines and batteries. This means that four
separate diversified power generation systems have to be lost to threaten
the integrity of the fuel.
Gas turbines are considered as regular backup at O2. After PLEX, they
will be considered as an alternative reserve power like they are for O1 and
O3 today.
The requirement imposed on the electric power system is that the
emergency power system shall handle H4 events, i.e., events within the
design basis.
There is a requirement for 12 hours of house turbine operation from
Swedish Kraftnät (regulator of the external grid), but this capability is not
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credited in the safety analysis for the units. All units are designed for
house turbine operation. House turbine operation was not verified after the
modernization is completed. If one unit can be kept in house turbine
operation after an initiating event that affects all units, it can provide
power to the other units.
The analysis shows that the electrical power system meets the
requirements of the SAR.
The ENSREG specification also stipulates a delay of 72 hours before
heavier shipments can reach the peninsula. This may have an influence on
the availability of diesel fuel and other operating supplies.
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Questions arise regarding the amount of fuel available to the emergency
diesel generators, primarily for O2 but also for O1, when the evaluation is
performed in accordance with ENSREG analysis requirements with
minimum levels in the tanks. Theoretically, the diesel engines at O1 and
O2 can be supplied with diesel fuel from the gas turbine tanks. This
transfer system is not safety classified and the total fuel volume is
probably not enough if the tanks are at their minimum level when the
initiating event occurs.
The battery system is sufficient for the necessary valve maneuvers and
instrumentation to deal with monitoring, reactor scram and pressure
reduction.
During a total station blackout, the mitigation systems prevent major
releases. The batteries for these systems need to be recharged with mobile
charging units after 24 hours.
To increase the robustness of the electrical power side of the units, the
following measures should be considered:
−

Increase of the minimum level in the fuel tanks for the gas
turbines and emergency diesel generators for O1 and O2.

−

Availability of lubricating oil and other supplies closely
related to the diesels being secured in the areas that are
accessible after an initial event.

−

Safety classed (operational readiness requirement) filling
systems from the gas tanks to the diesel tanks for O1 and O2.

−

The compatibility of the different fuel qualities used in the
facility should be verified.

−

Application of the NRC-regulations 10 CFR 50.63 and
Regulatory Guide (RG) 1.155 for all units should be
considered.
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Proposals in other areas also affect the power supply.

4.5
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Loss of ultimate heat sink
At a sea water level of -3.0 m, O2 loses cooling to the safety systems. The
design basis minimum water level is -1.56 m. The corresponding values
for O1 are -4.0 m and -1.56 m, and for O3, -4.3 m and -1.56 m.
In the event of a total loss of the primary ultimate heat sink (the Baltic
Sea), there are two nearby reservoirs, Götemaren and Söråmagasinet.
Separately both reservoirs have sufficient volume to remove residual heat
and to supply makeup water to the units for several months. The piping
from Götemaren is connected to pumps driven by the external grid, while
the pumps that supply the plants with water from Söråmagasinet are gas
turbine backed.
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When analyzing the different units, the following can be noted:
Unit 1 has an emergency condenser and two air-cooled emergency diesel
generators. The unit is also fed automatically from the gas turbines (which
do not need cooling water). O1 is capable of cooling down and maintain a
water-covered core in the long-term course of events. This is done
primarily with the emergency condenser. Secondly, by providing deionized makeup water and pressure relief to the scrubber. When the deionized water runs out, continued cooling can occur with fresh water from
the fire system. This means that O1 has good robustness against a loss of
the ultimate heat sink.
Unit 2 loses its emergency diesel generators because they are water cooled.
In addition, unit 2 is connected to the gas turbines automatically and can
therefore be cooled and maintain a water-covered core in the long-term
course of events. This is done primarily by means of an intermediate
cooling loop that is cooled by fire water and secondly by providing
makeup water and pressure relief to the scrubber as in O1. O2 is judged to
have good robustness against a loss of the ultimate heat sink.
Unit 3 has water-cooled emergency diesel generators. Unit 3 does not
automatically connect to the gas network. This can be done manually and
needs to be done within 1 hour. The capability to accomplish the
connection within this time frame needs to be verified. O3 can then be
cooled by means of makeup water and pressure relief, like the other
facilities.
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4.6

For all units, if all power supply is lost the units must go directly to
makeup water from the fire system and pressure relief to the scrubber.
O1 survives for a period of time with its emergency condenser.
During this postulated event, there are common systems that need to be
used. Closer study is needed regarding the use of "mobile" fire water
systems and the portable diesel for the mitigation systems.
A discussion should take place regarding the possible strengthening of O3
either on the power supply side or directly on the emergency cooling side.

4.7

Severe Accidents
This topic covers the handling of accidents with the help of normal safety
systems and the mitigation systems. In this context, events are analyzed
from when the fuel temperature reaches 1500 °C. The procedures used in
this case are the Overall Disturbance Instructions (ÖSI).

Projektgodkänd
Projektgodkänd

Simultaneous station blackout and loss of ultimate heat sink

Starting from the initiating event, the elapsed time until the mitigation
systems need to be used varies by facility and type of event from about one
hour to several days.
The mitigation systems are credited during severe accidents. The
probability that all the normal barriers would malfunction at the same time
as the mitigation systems malfunction is judged to be a residual risk and
the situation is not analyzed.
The mitigation systems are designed for two types of accidents:
A)

Break in the primary system, coincident with large leakage
between the drywell and wetwell.

B)

Accidents that prevent all cooling and water supply to the
reactor core with normal systems.

Type A events do not lead to core damage and are not considered further in
this report.
The mitigation systems are capable of limiting releases for at least
24 hours without manual intervention or external power supply or makeup
water. With manual intervention, by using portable diesel generators and
the fire water system, releases can also be limited in the long-term.
Under the assumption that O1 and O2 do not relieve pressure at the same
time, the common system is capable of dealing with accidents at both

Classification level

Confidential

Proj

Current status

Registration No.

Edition

Page

Project Approved

2011-23986

1

28 (34)

Document name

Projektgodkänd

3.1 Report

units. Accident management strategy and the design of the units make it
possible to actively choose the time for pressure relief of each unit.
The containment and pressure relief system to the scrubber are nitrogen
filled during normal operation to prevent hydrogen explosions. There are
also permanent recombiners for the containment that remove hydrogen
during normal operation.
Prepared action plans to deal with hydrogen in the reactor building in the
event of a leaking containment do not exist.
Mobile pump units are obtained from the fire brigade if the normal system
861 pumps are not available. These are connected to the existing
connection for system 322-independent. Water supply can then occur via:

Projektgodkänd

−
−
−
−

Water from Söråmagasinet
Water from Götemaren
Tanker trucks
Water direct from the Baltic Sea

During outages and with the reactor pressure vessel open, this is handled
in principle like the fuel pools with the addition that the containment is
filled up when needed
The accident strategy for a suspected or confirmed case of no cooling of
the fuel pools means that fire hoses are connected to pre-identified fire
hydrants. Makeup water supply to the fuel pools occurs with fire hoses
directly to the pools.
A calculation of the worst case scenario, i.e., shortly after the start of the
outage, shows that there are 61 hours available before the pool temperature
reaches 80 °C (i.e., well before boiling) where actions must be taken.
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If the accident scenario has reached the state where the upper part of the
fuel is exposed despite the makeup water supply via fire water, then no
pre-discussed accident strategies have been developed.
The following improvements should be considered:
−

Permanent filling pipes from a protected location to the fuel
pools.

−

Robust/simple level measurement in the fuel pools that can
be read from a protected location.

−

Preparations to deal with hydrogen in the reactor building.
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−

4.8
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ÖSI procedures should be reviewed with respect to
simultaneous events at different units and event sequences
that last for several days or weeks.

Emergency preparedness organization
ENSREG makes it clear that preparedness activities are to be stress tested
under six different conditions. In brief, the stress elements are:
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1

Extensive destruction of infrastructure around the plant

2

Impaired performance ability (demolished buildings, high
dose rates, etc.)

3

Earthquake and / or flood

4

Loss of electrical power supply

5

Loss of instrumentation

6

Influence of adjacent units

The emergency preparedness organization’s role can be summarized as
follows:
−

Establish the accident response organization and the
command center.

−

Evacuate the facility.

−

Provide information and cooperate with authorities and other
external parties.

−

Arrange for personal protective equipment where it is
needed.

−

Arrange for staff rotation where there is a need.

−

Organize food supplies, equipment and other necessities.

−

Decision making.

−

Collection and processing of measured values.
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The analysis shows that the organization can handle failures in a short term
event sequence (on the order of days). This is also verified by repeated
exercises. The most recent results are from the large exercise
SAMÖ/KKÖ, which was conducted in February 2011.
For the long term (on the order of weeks) event sequence, more procedures
should be prepared regarding the availability of supplies and temporary
materials to improve the ability to manage emerging accident situations.
Evaluation of the proposed advantages and disadvantages of replacing the
existing substitute command center with a suitable facility outside the
plant area so that both command centers won’t be located within the site
where they could both be affected by the same bad conditions.
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The number of portable diesel units on the peninsula should be reviewed
or alternatively an extension of fixed installations.

5

Summary assessment
The results of stress tests show that, no matter if postulated events are
considered or if the plants are stressed with extreme values (probability
less than 10-7 per year/site), releases will be within permissible levels. This
is due to the mitigation systems that handle severe accidents.
No exceptions to the SAR have been detected. For O2, project PLEX is
ongoing. Once this project is completed, an upgrade of all facilities will
have been implemented to match the requirements from the authorities that
are known today. PLEX will also resolve any questions about the status of
the gas turbine as the primary power source for O2 versus a diversified
power source to all the units.
A number of possible measures to improve the stations' robustness during
extreme situations and to increase resilience during prolonged accident
sequences have been identified and should be implemented or investigated
further.
The advanced conditions of the stress test are not such that they give rise
to any immediate operational restrictions.
PSA values for the units show that after the implementation of PLEX all
the units have a safety level equivalent to new / modern facilities.
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Proposals to enhance plant robustness and accident
management
Below is a list of a number of proposed areas / measures that should be
implemented or investigated further. In addition to this, extensive effort is
in progress to review the procedures and possibilities for alternative
courses of action. This effort will continue for an extended period and may
result in additional suggestions.
The proposals have not been categorized into specific areas because some
affect multiple areas.
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−

As a result of an extreme earthquake among other things, the
handling of hydrogen in the reactor building during severe
accidents should be studied and possible changes in
procedures or hardware should be considered.

−

For makeup water supply to the fuel pools during severe
accidents, a solid pipeline from a protected location should
be installed. This should be seismically qualified. In addition,
some type of robust possibility to read the level in the fuel
pools from a protected location should be considered.

−

In order to avoid problems with sloshing, it is suggested that
the main circulating water pumps be stopped at a sea water
level of +1.35 m for O1 and O2, and at a sea water level of
+1.5 m for O3.

−

An enhancement / diversification of electrical power supply
and / or residual heat removal in O3 should be investigated.

−

Raising the minimum level in the fuel tanks of gas turbines
and emergency diesel generators for O1 and O2 should be
considered.

−

Availability of lubricating oil and other supplies closely
related to the diesels being secured in the areas that are
accessible after an initial event.

−

Safety classified (operational readiness requirement) refilling
systems from gas turbine tanks to the diesel tanks for O1 and
O2 should be considered.

−

The compatibility of the different fuel qualities used in the
facility should be verified.
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7

−

Application of the NRC-regulations 10 CFR 50.63 and
Regulatory Guide (RG) 1.155 for all units should be
considered.

−

In the long term, more procedures should be prepared
regarding access to supplies and temporary materials to
improve the ability to manage emerging accident situations.

−

Evaluation of the proposed advantages and disadvantages of
replacing the existing substitute command center with a
suitable facility outside the plant area so that both command
centers won’t be located within the site where they could
both be affected by the same bad conditions.

−

The number of portable diesel units on the peninsula should
be reviewed or alternatively an extension of fixed
installations.

−

ÖSI procedures should be reviewed with respect to
simultaneous events at different units and event sequences
that last for several days or weeks.

−

Implement PLEX.
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