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Fortum in brief

Renewables and CO,-free power generation capacity of Fortum

16.4 GW

=~ e O b
':76’7';" By

Rehnewak:‘)‘l_é*_ ;. Reliable
Wind'& Solar — nuclear power

3.4 GW 4.6 GW

@fortum

cleaner world



i “'{. " : W

Ban |mporta

/<V4

d;on

N, Nuclear power ?

WUF energy p \%

1/3 of our : Domestically
electricity 2 | prod.u_ced
production is electricity to
stable and Nuclear power i ) ensure security of
reliable nuclear A Is needed to supply. |
| power .. combat climate

change.

Loviisa NPP has ‘ Nuclear Services

provided clean and Transformation
reliable base of the nuclear

Nuclear . e industry

production in production
Finland and of electricity for

Sweden 40 years.

For a cleaner world



Nuclear at Forturﬁ

3rd largest
Fully-owned nuclear Nuclear

power plant in Loviisa, generator
Finland and in Europe
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At Loviisa NPP, excellent safety performance and high
availability go hand in hand

Loviisa 1 risk distribution
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Loviisa NPP production and capacity factors 1977 - 2021

TWh, net %, gross
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Production: 8.2 TWh
Capacity factor: 92.9%
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Reactor hall
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Operating Principle of a Pressurized-Water Reactor
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Reactor
Steam generator

r——‘

Generator

Turbine G —

Condenser

Reactor

The water is heated to about 300
°C in the reactor. Due to the high
pressure in the primary circuit
(123 bar), the water does not boil.
It is circulated in liquid form to
steam generators and then back
to the reactor.

@,

Turbine

The heat transmitted through
the steam generator walls
heats a separate secondary
circuit (44 bar) of water,
which turns into steam. The
steam is led to the turbines.

I

Power lines

Primary circuit
Secondary circuit

Circulating water
system

Generator

The turbine rotates the generator,
changing the kinetic energy in the
turbine into electricity.

The electricity is transmitted through
generator transformer to the national
grid at 400 kV voltage.

Circulating Water System

After the turbines the steam is condensed back
into water with the help of cold seawater. When
both units are in operation, 40 cubic meters of
seawater per second is needed for steam
condensation. The cooling water warms up by
about 10 °C during the process.



Safety systems at Loviisa power plant

Most Important Safety Systems:

Steel containment

External containment cooling

Alr filters

Auxiliary emergency feed water pumping station
Uranium core

Low-pressure safety injection pumps
High-pressure safety injection pumps
Emergency feed water pumps

Power supply from hydropower station
10 Reserve power diesel generators

11. Sprinklers

12.Hydrogen release and recombiners
13.Ice condensers

14. Safety hydro accumulators
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VVER-440 Nuclear Power Primary Circuit

Source: VVER-type nuclear power plants and evolution of their safety, Laaksonen, November 14 2013 (’fortum
For a
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https://ats-fns.fi/images/files/presentations/2013/ATS_jasentilaisuus_2013-3_laaksonen.pdf
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Background — Cleaning and Inspection Robot of Steam
Generator of Loviisa NPP

Steam generator of Loviisa VVER-440 type Nuclear Power Plant (NPP) is cleaned and visually
Inspected every four years. Cleaning means hoovering of magnetite from a bottom of the steam
generator. Work is unpleasant including high radiation doses and other occupational health
and safety risks.

generators was developed. The first version of the robot was tested in outage of Loviisa NPP
in September 2020. So far the robot is not autonomous, but manually controlled outside of

@z During 2019 and 2020 first version of a cleaning and inspection robot of the steam
the steam generator.

and videos was very good and they can be easily used for visual inspections. Cleaning
(hoovering) system was not yet tested, but hoovering tube was successfully lowered to

The first test was a success. The raft was easy to control. Photos and videos were taken
@ above a water level and from bottom of the steam generator by endoscope. Quality of photos
the bottom of the steam generator.

After the first test, inspection functionality was considered to be the most relevant and development
efforts were concentrated on inspection robot. In 2021 the concept was developed to fulfil all
necessary requirements.

14
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Project phases

* Project kick-off with Jyvaskyla
University of Applied Sciences
(JAMK)

« Case and requirement analysis

* Robot design update based on
site test experiences

« Factory tests of the new design.
(Site tests were not possible)

* Robot alternatives and selection
a raft for a basement of a robot

* Studies of commercialization
possibilities

- Basic planning of the robot and * Finalising of the design

IPR studies  Factory tests of the design

« Factory tests in swimming hall
of Jyvaskyla

* Building pilot test rig and pilot
tests

« Site tests in outage of Loviisa
NPP

« Summary of experiences

» Site tests in outage of Loviisa
NPP
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Outage operations in Loviisa Steam Generator

S Visual inspections
e [T {‘ Cleaning operations

< Structures above water level

Old inlet water nozzles
inside tube bundles

Amount of magnetite on the bottom
of the steam generator

Kl :3.;:1 Hoovering magnetite from the bottom
ﬂ 'i—i of the steam generator

Source: Nuclear Power - Deployment, Operation and Sustainability, Tamas Janos Katona, 2011
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file:///C:/Users/lestivil/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/UJSP8AHF/19673.pdf

Loviisa Steam Generator and magnetite accumulation
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Sketch of the robot

Protective tube for endoscope/camera
(later vacuum hose)
Steering nozzles

Pontoon

Camera

First version:Water pipes
for steering nozzles
Current version:
Pressurised air for
steering

Steering nozzles
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Testing experiences
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Current version of the robot
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Future plans — Cleaning and Inspection Robot of Steam
Generator of Loviisa NPP
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Development vs costs

New cameras to existing float

Other additional tools to existing float

New kind of float with updated steering system (2021)
Updated vacuum cleaner system for water pools (2022)
New kind of moving capabilities in water (diving)
Autonomous functionalities to the current robot

Other moving capabilities to the robot (crawling, flying)
Modifying existing cameras and other tools to new versions

Developing new tools to new versions
??7?
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