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Nuclear Power Plant Olkiluoto 3 –
Containment Leakage Test Under
Extreme Conditions
Tobias Fleckenstein
Modern nuclear power plants place high demands on the design and execution of safety checks. TÜV SÜD specialists

supported the containment leakage test for the largest-capacity third generation nuclear power plant in the world –
Olkiluoto 3 in Finland. The experts successfully met the challenges presented by exceptional parameters of vessel
volume and pressure.
To test a nuclear containment vessel
for pressure-resistance and leak-tightness, it is filled with compressed air
while temporarily installed instruments monitor a number of parameters, including any potential drops in
pressure. Although these examinations are routinely performed all over
the world, the test of the Finnish reactor Olkiluoto 3 in February 2014 set
a new benchmark: It was the first pressure and leak-tightness test ever conducted on an EPR unit, and the first
pre-operational test of a reactor containment conducted in Europe since
2001.
The EPR reactor is a third generation pressurized water reactor (PWR),
designed and built by French supplier
AREVA. The construction to date has
used about 200,000 m3 of concrete,
and at the height of the project there
were 700 sub-contractors and up to
4,300 workers from 60 countries at the
site. In order to prepare for the safety
check, TÜV SÜD experts carried out
careful planning and logistics both onsite and off-site, and in close cooperation with AREVA and with TVO, the
Finnish owner company of Olkiluoto 3.
Unique containment
parameters
While the outer containment shell
provides protection against external
hazards, such as an airplane crash, the
inner containment is designed to confine the mass of radioactive materials
inside the structure. If an accident
causes radioactive steam to escape the
internal system, then the containment
shell plays a critical role in preventing
the release of radioactive material into
the environment. It typically consists
of a structure enclosing the reactor
pressure vessel, equipment access
hatches, air lock doors, seals, isolation
valves, mechanical and electrical penetrations, and a suppression pool.
The inner containment of Olkiluoto 3 is made of pre-stressed concrete

and includes a steel liner, which ensures a continuous surface, including
the basemat. Inside the containment
are many of the reactor’s key components: the whole reactor coolant system, the core catcher, the reactor pressure vessel, the steam generators, the
in-containment refuelling water storage tank and part of the main feedwater lines.
The inner containment shell is
the final barrier in the EPR reactor’s
defence strategy and designed to
withstand high pressures. It is intended to effectively contain without
leakage the total primary coolant
system inventory released into the
containment volume. Containment
leak rate tests are mandatory to specifically assure two aspects of a power
plant’s safety. Firstly, that the leakage
through the containment itself or
through the components that penetrate it, doesn’t exceed specified allowable leakage rates. Secondly, that the
integrity of the containment structure is maintained during its service
life.
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Acceptance criteria for leak rates
are determined so as to demonstrate
that the leak rate assumed in the
plant’s safety analysis and approved
by the regulatory agency will be maintained throughout the plant’s operating lifetime.
The containment of Olkiluoto 3 is
unique in that the vessel’s volume is
80,000 m3 and the test pressure
reached up to 6 bar while measurements were carried out over a period
of ten days. The demands that these
parameters placed on the test instruments were so extreme that none
of the involved manufacturers were
able to provide assurance that their
sensors would withstand these extreme conditions and retain their accuracy. However, high accuracy is necessary for sufficient data quality and
data safety, and ultimately for a reliable measurement of the leakage
rate.
To add to the challenge, the conventional method of passing the individual signal transmission lines of the
instruments through the reactor walls

Fig. 1.
TÜV SÜD specialists used the autoclave system of the Technical University in Munich,
Germany, to simulate the project test conditions. Courtesy: TÜV SÜD Industrie Service GmbH.
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compromised, and how the architecture of the system needed to be configured. Parts of the preparation phase
were carried out at the autoclave sys-

Fig. 2.
Measuring equipment is being placed inside the autoclave system in order to assess how the equipment
will handle the extreme conditions of the Okiluoto 3 project environment.
Courtesy: TÜV SÜD Industrie Service GmbH.

period and had been connected via
three co-axial cables to the analysing
laptop located outside the containment. The systems inside the containment were thus also exposed to an
absolute pressure of over 6 bar, in addition to ambient temperatures of
around 30 °C and high levels of humidity.
Careful preparations
are key
To execute the test, 75 temperature
sensors and 15 humidity sensors, connected by ten kilometres of cable, had
to be installed and correctly interlinked. They also had to be able to
withstand the extreme test pressure
for the entire test period. Previous
leak testing had only been performed
at significantly lower pressures, and
some materials used for electronic insulation are known to undergo
changes, bearing a risk for short-circuits and fires. The architecture of the
measurement system had to be designed in such a way that the testing
could continue even if there was a
fault in the coaxial cables used to communicate with the data recording system and for the transmission of data.
To ensure the efficient and effective execution of the Okiluoto 3 test,
the TÜV SÜD specialists completed a
thorough preparation phase prior to
the project test. The objective was to
determine how the equipment would
handle pressures of 6 bar, whether
the measurement precision would be

tem of the Technical University in Munich, Germany, where the project test
conditions could be simulated.
The on-site test preparation began
with the set-up of the measurement
system. In the process, TÜV SÜD specialists used more than ten kilometres
of cables to connect all of the sensors
to the data acquisition system and
computers. Once the system was set
up, the specialists undertook a pretest quality check. In order to further
reduce uncertainty of the containment leak test, the air in the containment shell was homogenised by running four compressor units with dryers and filters for 24 hours prior to the
execution of the test.
Using information
technology to achieve
higher safety integrity
In addition to setting up and configuring the hardware, the software required to run the tests needed to be
developed to accommodate the extreme parameters. On-site engineers
of TÜV SÜD would have to be able to
quantify leakage volumes and monitor the real-time values of pressure,
temperature, humidity, mass flow and
leak rates. This data would allow for
the source of a leak to be identified.
The software was successfully developed by TÜV SÜD and verified
by Germany’s national accreditation
body DAkkS under ISO 17025. It included an emergency plan for on-site
engineers in case measurement de-

vices stopped working or a loss of data
occurred. Furthermore, it covered the
analysis of a number of what-if scenarios and a simulation of potential failures under laboratory conditions. It
was thus aligned to the requirements
of the project test, including the number of measurement points and additional evaluation stages.
To achieve higher standards of
safety integrity, the hardware architecture was guided by the principle of
diverse redundancy. Redundancy
refers to the duplication of systems,
which enables the overall process
to continue even if one system fails.
In addition, diversity reduces the
impact of so-called common cause
failures, whereby multiple sensors
may fail simultaneously due to a common cause. To reduce this type of risk,
different configurations and operating principles are used across the
sensors.
TÜV SÜD experts set up all instruments as redundant and diverse systems, including three co-axial cables
provided by the plant supplier AREVA.
If an instrument inside the containment shell failed, the communication could be switched to an alternative device, which would also use a
different communication protocol.
The overall architecture was designed
to allow for measurements to continue without interruption, even in
the case of instrument failure. The
measurement accuracy was also
found to be within the required tolerance range.
Executing the leakage test
Once the quality check and containment homogenisation had been completed, the project test could finally
begin. The signals from all measuring
devices were processed by two data
acquisition units, which recorded the
data of all sensors at a minimum rate
of ten times per hour. These devices
used internal digital multi-metres and
transferred their data to two separate
computers, one of which was configured as a backup unit. The data
was stored in its raw format (ohms,
volts, Hz) and subsequently converted using an online software, which
also applied calibration curves for all
pressure, temperature and humidity
sensors.
To execute the test, the TÜV SÜD
specialists determined a range of variables:
 The free gas volume of the containment shell: This parameter was
one of the key requirements to
later calculate the leakage volume.
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could not be used at Olkiluoto 3. Instead, the electronic data recording
systems had to be placed inside the
containment vessel for the entire test
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International Atomic Energy Agency
(IAEA). In Finland, nuclear safety instructions are issued by the Finnish
Radiation and Nuclear Safety Authority (STUK), which also controls compliance with them.
In the Olkiluoto 3 project, TÜV
SÜD experts enabled further testing
to continue without delay by analysing all recorded data on site. This included pressure, temperature, humidity and leakage mass flow curves
for all evaluation levels. With the
data acquisition system recording
measurements continuously, all components of the leak-tightness assessment were successfully completed in
accordance with requirements:
 The first Loss of Coolant Accident
test (LOCA);
|| Fig. 3.
TÜV SÜD specialists calibrate the inlet pipe – a requirement to accurately determine the free volume.
 The design pressure test;
Courtesy: TÜV SÜD Industrie Service GmbH.
 The Initial Structural Integrity Test
(ISIT); and
Although it can, in principle, be  The absolute pressure inside the  The second LOCA test.
calculated, the TÜV SÜD specialcontainment.
ists opted to measure it to reduce
Conclusion
uncertainty and further increase Using high standards to
Pressure and leak-tightness tests play
the accuracy of the test results. guide testing
an important role in assessing nuclear
All of the variables necessary to The ANSI/ANS 56.8-2002 standard of safety and form a significant miledetermine the incoming mass the American Nuclear Society outlines stone in the completion of the Olkiflow for pressurisation were meas- the standards for the containment luoto 3 project. As it is one of the
ured every ten seconds. These in- leakage testing requirements of largest industrial projects ever carried
cluded the ambient pressure and Olkiluoto 3. It provides a basis for de- out in Northern Europe, the design,
the temperature behind the flow termining leakage rates through the setup and execution of the tests place
section. The differential pressure primary reactor containment system high demands on the expertise of enacross the flow section and the of light-water-cooled nuclear power gineers and specialists. Critical to the
gauge pressure in front of the plants. Together with the testing in- success of the measurement process
nozzle were measured twice using structions of the system construction were careful preparations and logistindependent pressure transmit- company, the standard guided the ics, carried out both on-site and offters, connected to defined tap- work of the TÜV SÜD specialists, and site prior to the project test.
pings.
evaluations were completed at various
 Temperature and humidity: The levels during testing.
vapour pressure inside the containThe standards for the leak test
ment shell was measured using were also in line with the safety re- Author
Tobias Fleckenstein,
Plant Engineering,
twelve relative humidity sensors commendations and requirements
TÜV SÜD Industrie Service GmbH
and three dew-point mirrors. To used in the design of Olkiluoto 3.
Measurement Technology
determine the dry-bulb temperat- These include the European utility reDepartment
ure of the containment air, TÜV quirements defined by European
Westendstraße 199
80686 Munich/Germany
SÜD specialist employed four-wire power companies as well as the safety
resistance temperature device.
and quality recommendations of the
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