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Maintenance hydro — Projects, topics, methods

Corrective
maintenance
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Monitor

Optimal levetidsutnyttelse av vannkraftanlegg basert pa overvaking av teknisk tilstand og risiko
(Optimal utilization of hydropower asset lifetime by monitoring of technical condition and risk)
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http://www.sintef.no/projectweb/MonitorX

MonitorX — Project partners

i : afA :
Project owner ?ﬁ; EnergiNorge

Financing: (IJ Forskningsrﬁdet

+ participating companies

Norwegian power companies:

N BKK

@se ¢ ‘y Sira-Kvina

L ] . ‘i:;:
Eidsiva

s’;) Bnagere®  GLITRG@ @ Statkraft

ENERGI

N OSTFOLD

& el -
TrenderEnergi' O K ENERGI

HYDRO

Equipment manufacturers and service providers:

- N\ O \DR;
VOITH @ f %‘?—%EN HYMATEK A Hy]rIS

oooooooo

SINTEF @i
eNTNU COMILLAS

Swedish power companies
represented by Energiforsk:

RnD partners:

Energiforsk

VATTENFALL‘_“_:‘; |Z UMEA ENERGI (_.fortum

[ s oLmEN
JONKSOPING .
RG

ELEKTRA U TENERGI
V=" VARBERG ENERG!

AB Edsbyns Elverk karlstadsenergi.se

1‘{ Sollefteaforsen AB
w—" Jamthkraft



10

ﬂf EnergiNorge

MonitorX - Background

e Many measurements available already today

e SCADA / control system (+ additional equipment/sensors)

* These data are potential data sources for other purposes than control only

* Today, these data are not much used for decisions related to
maintenance and reinvestment

e Power companies have a potentially large benefit when using these
data

@ SINTEF
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Hydropower plant 2017
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MonitorX - Aims

TETES

* Models, algorithms
and corresponding
software prototypes
for optimal lifetime
utilization

Demonstrate practical
application in selected
power plants (cases)

Benefits

e Reduced maintenance costs by ... :

e ...avoiding (catastrophic) faults ...

e ...avoiding unnecessary component
replacements ...

e ... prioritizing the most critical components for
maintenance ...

e ...optimized maintenance ...

e ... through early warnings of ageing
and potential faults.

Knowledge gain

* How can hydropower plant
operators utilize the
mentioned

for maintenance
of their plants?

* What are the possibilities,
challenges and restrictions?

How can monitoring data
be used to carry out
maintenance more
predictive?

@ SINTEF



MonitorX — Project phases

Current status, preparation

Cases

Implementation
& Conclusion

Models for MonitorX —
'''''''' o @ risk Summary of
ComiLLaS monitoring results,
T s and recommen-
condition- dations for
aaaaaaaaaaaaa based implemEH'
maintenanc tation of
e (report) results and
further work
i (report)
e e e | Treeder Energi  SINTEF  Voin sy
- Case 7/8 8 »
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2015 2016 2017 2018 2019

Modelling &
algorithm and
prototype
development

Problem/case

identification
and description

Testing /
demonstration
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MonitorX — Cases (ongoing)

Scope

Rotor fault detection

Condition monitoring of pumps
Condition monitoring headrace tunnel
Audio Surveillance

Bearing monitoring

Kaplan hydraulic system monitoring

SCADA data collection system in
Brattset power station

Aim

Detecting rotor inter-turn faults in generator rotor
windings

Detecting faults and degraded condition for pumps
(leakage water, cooling water) in hydropower plants

Detecting tunnel collapses (rock falls, ...)

Normality control, audio cavitation detection, audio
exploration

Detect condition changes and faults
Detecting condition of Kaplan hydraulic mechanism

Detecting oil leakages

Establish good and continuous access to SCADA data

Partners

NTNU, Vattenfall, Eidsiva, Statkraft
NTNU, SINTEF, Vattenfall, TrenderEnergi
Andritz, Sira-Kvina

Andritz, Statkraft, NTNU, SINTEF
SINTEF, Comillas, BKK

Comillas, Glitre

Comillas, Skelleftea

Voith, TrgnderEnergi

@ SINTEF
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Where to start?

Model development <-> Data collection

@ SINTEF



Hacker
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Challange: Data access
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Dispatch
centre

Control
system
(power
plant)
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Asset
Mmanage-
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System/platform
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C10. Data collection from power plant's control system (i)

e Aim: Make signals that are colected/used in
SCADA and power plant available to the plant
operator (for other purposes than control).

e Status

e Data collection system up and running since March 2017

e 1100 signals from the power plant's control system
are available with the system

e Data access established for MonitorX project participants
(NTNU, SINTEF, etc.) . o e

VOITH
TrenderEnergi 3

SINTEF
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Recent developments

e Power companies establish and start to use systems/digital
platforms for large scale collection, storage and analysis of (SCADA)
data
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Which data? Resolution?

MonitorX cases C6 & MonitorX case

Bearing and Kaplan Monitoring of drainage
condition monitoring pump behaviour

e 1 hr average values e 1..10sec.values

MonitorX case
Detection of rotor
inter-turn faults

e (min. 2 ..)4 kHz

150 200 250
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c1  c2 c5
Types of models? 7
physical data-
— under- (D ...
standing
c10 simple
e Visualization of data — x(t)
c2 - “len @ nvi
e Simple models P
(e.g. duration start & stop sequences, valve
Cée Openlng’ etc.) TECHNICAL REPORT
C7 e Simple statistics, correlations, trending, etc. i e it
¢l o Advanced statistical analysis, s
C5 . . . W——
frequency analysis, machine learning o
advanced Hydropower: i

High reliability & few faults
- Normal behavior models

22 - Anomaly detection
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Classic statistical reliability methods vs. monitoring

 Choice depends on intended application (type of decision,

size of population, time horizon, etc.)

e Statistics useful to "build" good
data-driven monitoring models

-\

iea wind

Table 10: Prediction horizon of different models PR GROLP REPORT O
RECOMMENDED PRACTICES

Model short term € prediction horizon—> long term
<<MTTF" | <MTTF MTTF >2 MTTF

17. WIND FARM DATA COLLECTION AND RELIABILITY
ASSESSMENT FOR O&M OPTIMIZATION

Stochastic models

FIRST LDITION, 2017

Failure rate models

Lifetime distributions Table 11: Prediction capability depending on size of group

Stochastic degradation Model small € size of population = large

models

single unit, item group. population

Physical models Stochastic models

Machine learning Failure rate models

“Condition monitoring systems that provide warnings and alarms hour: Lifetime distributions

Stochastic degradation models
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Physical models

Machine learning

Weibull
distribution
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Cases/models: Development vs. implementation

(Case/model)
Development

Implementation
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Data collection vs. data analysis

Data Data
collection analysis

Data
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Potential benefits of monitoring

e Less manual inspections and power station visits

Early warnings of potential faults, resulting in fewer
(very expensive) corrective maintenance tasks

e Higher availability since maintenance can be
carried out in periods when power plant is not
needed for power production

Source: Wikipedia

 New possibilities to control effects of operation-
related loads on machinery

 Lifetime extension through better follow-up of real
condition

123 456 7 8 9101112131415
year



Status condition monitoring (2015)

uenig <
0 2

Pa anleggene er det maleutstyret og de sensorene som vi trenger installert.

MonitorX survey 2015:

Sensorene leverer stort sett maledata i riktig enhet og med tilstrekkelig malefrekvens,

General topics included:
1. Measurements and sensors

Anleggene/systemene har nok lagringskapasitet og det lagres lenge nok historikk.

2. Stora ge Dataene komprimeres for mye (f.eks. lagring av 1 time gjennomsnittsverdi istedenfor radata).
3. Data collection and IT infrastructure

4. Availability of and access to
collected/stored data
Ana |ySiS Tilstandsovervaking er en integrert del av beslutningsprosessen.
6. Use in decision making

(reinvestment/maintenance)

7. Benefit and cost-benefit evaluation
8. Com petence and requ irements Vi har tilstrekkelig kompetanse pa tilstandsovervaking og tilstandsovervakingssystemer.

Det er lett & hente ut méledataene (f.eks. for bruk i eksterne analyser).

Sensor-/maledata brukes mye ved beslutninger om reinvestering og vedlikehold.

c

Nytteverdien til tilstandsovervakingssystemene som vi bruker er godt kjent hos oss.

Vi har et (tall-/kostnads-)estimat pa nytteverdien til tilstandsovervakningssystemene.

Det settes hpye krav fra myndighetene (datasikkerhet, etc.).

@ SINTEF



Costs electricity production, NO/nordic £ =i

Hydro: 3 €/MWh

Hydro: Already cheap, low O&M costs. Wmd: 30 €/MWh

Is it worth to invest in condition monitoring? (Large European electricity

Existing (Large) hydro (> 10 MW) -j (source: NVE 2015) Which investments are cost-beneficial? producer. 2014)

(small) hycro <0 vv)

Wind - onshore (25 MW)
B |nvestment costs
B O&M costs

Coal — without CCS (710 Mw) ® Fuel and emission costs

Nuclear 1600 MW)

Combined Cycle Gas Turbine plant

) (450 MW}
— without CCS

Bio (=0 mMw)

Wind - offshore (=200 MwW)

PV (0,5 MW)

L=

20 40 60 80 100 120 140
Fnergikastnad (gre/K\Wh)
Kilde: NVE
SINTEF

NVE 2015: http://publikasjoner.nve.no/rapport/2015/rapport2015 02a.pdf



http://publikasjoner.nve.no/rapport/2015/rapport2015_02a.pdf
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Costs electricity production, NO/nordic
Hydro: Already cheap, low O&M costs.
o Is it worth to invest in condition monitoring?
Existing (Large) hydro (> 10 MW) .j (source: NVE 2015) Which investments are cost-beneficial? \
(small) hydro (<10mw) | —
~ SaudiArabia Gets Cheapesit
Wind - onshore (55 MW) _ /4 = ape PRI
%Bids for Solar Power in =
coal —without ccs  (7omw) [T Auction
Nuclear (1600 M) |
Combined Cycle Gas Turbine plant (450 MV
— without CCS
22 December 2017
Bio [=0mW
Wind - offshore (3200 MW
P ossw) | S
o 20 40 G0 g0 100 120 140
Fnergikastnad (gre/K\Wh)
Kilde: NVE
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http://publikasjoner.nve.no/rapport/2015/rapport2015_02a.pdf

Data quality The four V's of Big Data

Velocity Variety Veracity
Veracity

e Canyou trust the data?

e Data quality
e Completeness S
e Correctness / calibration

e Contradiction

2011-02-04 0 = 01:00

06:00 0 E 00:00
2011-02-04 0 = 01:00
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Needs for standardization

e Different designation
e Exchange of information between different systems

 New working group at Energi Norge

Martin Hviid Nielsen

Radgiver

& mhn@energinorge.no |<— Signal designation with signal connection information ‘—>|

O 93877418

@ Pressebilder |<— Signal designation —>| |4— Signal connection information —bl
| Object designation | | ;Signal name | | :Signal connection id (Sign. Conn. char.) |

I[EC61175-1:2015
EBL-code, RDS PP,

Temperature measurement Signal name SCADA

STATORKISP4/5
STATORKISP4_5
STATORKISP64/65
STATORKISP64_65
STATORKISP136/137
STATORKISP136_137
STATORKISP4/5.1
STATORKISP4/5.2
STATORKISP136/137.1
STATORKISP136_137.1

10 temp. measurements — 6 different names!

Statorkjerne spor 4/5 PK 4 TH
Statorkjerne spor 4/5 PK 4 BK
Statorkjerne spor 64/65 PK 14 TH
Statorkjerne spor 64/65 PK 14 BK
Statorkjerne spor 136/137 PK 25 TH
Statorkjerne spor 136/137 PK 25 BK
Statorkjerne spor 4/5 PK 14 TH
Statorkjerne spor 4/5 PK 14 BK
Statorkjerne spor 136/137 PK 14 TH
Statorkjerne spor 136/137 PK 14 BK

Typically: 9 — 11
measurements (signals)
for thrust bearing

HLALEH
BLAGER
BLAGER

BLAGER = OLPRDALUT
puaid. H : 1 L-J.'jl\r o Filived  trarh
=

Condition
monitoring

CMMS

@ SINTEF



Responsibility, competence and work processes

Responsibility Competence Work processes
e In-house / e Technical  New technology
external (mechanical, - New ways of
electro, ...) working

[ Power plant 1

operator * |T/data science

Manufacturer * Management

o Work Organization

IT service
provider

processes

Technology

Consultancy

33
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