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Introduction
FS Dynamics
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FS Dynamicso Organisation [Fsoynamics]

AFounded in January 2004 in Sweden
AHead Office in Gothenburg
A8 Local offices, 6 countries

A Corporation + 6 daughter companies
A FS Dynamics Denmark founded in 2009
A FS Dynamics Finland founded in 2010
A FS Dynamics Norway founded in 2013
A FS Dynamics Portugal founded in 2016
A FS Dynamics UK founded in 2016

A3 competence based departments
A 170 co-workers, 33 in Finland
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Introduction
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Background

AElforsk/Energiforsk project in 2014 i 2015:
AiPi pe viiBnatiyens and Mitigati onbo
AThe objective was to:

A Assemble knowledge and experience in the area of pipe vibrations
problems

A Obtain information of how they were examined and mitigated.

AThe nuclear power plants participating in the project were:
A Oskarshamn
ARinghals
AForsmark
A Olkiluoto
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Motivation: Example of losses due to FS/¥DYNAMICS

unplanned unavailability

Forsmark 2. Energy availability 1996-2015

1 External unavailability
[ Unplanned unavadability
53 Planned unavailability
) Energy availability

\\ Pipe and valve
vibrations

Source: IAEA Operating Experience with Nuclear Power Stations in Member States 2016 edition
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Conducting the work

AObtaining and investigating reports from the participating nuclear
power plants

AVisiting the sites and interviewing the staff.

AObtaining and investigating additional documentation as agreed in
the interview meetings.

A Analyzing and grouping the pipe vibration problems and mitigation
methods.
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Workflow for the analysis and
mitigation of pipe vibrations
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Different workflows

AEXxisting vibrations

AVibrations that have already been observed or are suspected to exist
at the plant

AThe emphasis in the analysis is often in measurements of the
existing system

APotential future vibrations
AVibrations which do not exist or are at low levels
AThere is a suspicion that vibrations might arise, e.g. due to:
A Power uprate
A Component replacement
A Typical analysis methods are simulations or physical model tests.
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Typical workflow, existing vibrations
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Typical workflow, uprate or replacement

Ant t i
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Pipe vibration analysis
methods
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Analysis methods

ACan be divided into two main categories:
AMeasurements
A Calculation methods

AOften measurements and calculation methods
complement each other

Ant t i Lelitp & ewni: b.Widrationsrirsndiclear applications, Oct 4, 2016 Page No: 15/40



FS /¢ DYNAMICS

Calculation methods

ADifferent process conditions and mitigation solutions can
be tested without restrictions

ARelevant variables can be investigated at any location

ADifferent calculation methods include:
A Spreadsheet calculations
A Structural simulations (FEM)
AFluid dynamics simulations (CFD)
AThermohydraulic simulations
A Acoustic simulations
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Measurement methods

AWill be covered in the next presentation in the agenda
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Classification of pipe
vibration problems occurred
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Classification

ATwo different kinds of classification are used for the
problems based on

A Location
A Physics

ADifferent classes of these two categories were created

AThe mapping between problems and classes is not one-to-
one

AMany of the problems belong to several classes
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Classification based on location =~ "S&o™aves

APipe vibrations related to valves

AMain steam line vibrations (not valve related)
APump induced vibrations

AOther vibrations
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Classification based on physics = Fs&Ro™aves

AFlow induced vibrations
AAcoustic resonances
AWater hammer
AStructural resonance
AFlexible piping
AMultiphase mixture
AOther vibrations
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Classification of occurred problems
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Oskarshamn 3: Steam dryer Al X X
Oskarshamn 3: Main steamline vibrations A2 ‘ ‘
after extended power uprate -
Oskarshamn 3: Main steam isolation valves | A.3. | x X
Oskarshamn 1: Steam and condensate lines | A.4. X X X
Oskarshamn 1: Cooling system for RPV top A.5. X X
Forsmark 1/2: Control valves in the 314
A.6. X X X | X
system
Forsmark 2: High pressure turbine valves A7. | x X
Forsmark 3: Steam dryer A.8. X X
Forsmark 3: Condensate water system A9. | x X X
Forsmark 3: Steam lines from reactor to
. A.10. X X
turbines
Forsmark 1/2/3: Oil pipe vibrations excited
. 12/ Pip All. X X
by gear oil pumps
Forsmark: Other pumps A12. X X
Ringhals 3: Main steam lines A.13. X X
Ringhals 3: Piping between high pressure
g, ping gnp A.l4. X X
turbine and the reheaters
Ringhals 2: Main condensation system A.15. X X
Ringhals 1: Emergency core cooling system | A.16. X X X
Olkiluoto 1/2: Coolant piping of the
/ i .pp g Al7. | x X X X
generator stator circuit
Olkiluoto 1/2: Main steam lines Al18. | x | x x | x X
Olkiluoto 1/2: Auxiliary feed water system A19. X X X
Olkiluoto 1/2: System 351 A.20. X X
Olkiluoto 1/2: Fire water pump A.21. X X X
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Pipe vibration mitigation
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Classification of mitigation methods ~ Fs&oYNames

AThe mitigation methods were divided into two main
categories:

A Methods that aim to reduce excitation for vibrations
AMethods that aim to reduce vibration response
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Mitigation reducing excitations ~ m&Emames

Almproved fluid dynamic design

AReduced gas/liquid interaction
ADissolved air
A Condensation/vaporization cycles

AExpansion chamber
AReplacing a component
AAvoiding certain operating conditions

AOther possible mitigation methods (not used in the studied
cases):

AReducing excitation from a pump
AModified system to reduce acoustic resonances
AFrequency converters
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Mitigation reducing response

AVibration dampers
AAdded weight

AAdded supporting
ABuilding valves together
AHydraulic hoses

AOther mitigations:
A Changing pump rubber feet and foundation
A Steel wool dampers
AWelding stiffener in the foundation
A Stiffening pipes to the wall
AWood bars to support the piping
A Motion limiters
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Applied and considered mitigations FS ¢ DYNAMICS
(excitation)
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