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1 INTRODUCTION

These guidelines describe hddwwACQransmission grid disturbances and faults are classified in the
ENTS€EDisturbance and Fault Statistics (EDFS) guidelines

TheENTSEE Disturbance and Fault Statistispublished by ENTSORegional Group NordiRGN)
while a subgroup to itcalled Disturbance Statistics and Classificat@ISTAY, collects the data,
prepares the report and maintains these guidelines.

The guidéineswere originally prepared by Nordel in 1971 and updated in 2009. Nordel was an or-
ganization for cepperation between the transmission system operators in the Nordic countries,
whose objective was to create preconditions for a further development oéféective and harmo-
nised Nordic electricity market. Nordel was discontinued and all operational tasks were transferred
to ENTSEE in July 2009.

These guidelines determine the definitions and instructions necessary to ensure uniform classifica-
tion and catulation of the number of grid disturbances and faults for the statistics published by
ENTSE Regional Group Nordic. Furthermore, instructions are included for the possible incorpora-
tion into national statistics with a view to facilitating the comparisfroperating experience.

The guidelines are intended to form the basis of common grid disturbance statistics Hutbpean
countries. Chapte? sets the purposef grid disturbance statistics. Chaptédescribes the scope of
the statistics and the limitations imposed. The necessary terms are defined in ChafkapterO
lists how and what to reporabout each grid disturbancerThis is followed bygeveralexamples of
different types of grid disturbances in Chap@rChapter0 explainshow the number of components
are calculatedThe finalChapter8 looks to the future and consideideas for further develojng the
grid disturbance statistics.

2 PURPOSE OF THE GUNIER

The purpose of the grid disturbance statistics is to compile data which can form the basis of:

acorrect assessment of the quality and function of the different components
acalculation or assssment of the reliability of the transmission system
anassessment of the quality of delivery points

studiesof trends and comparisons of different parts of thansmissiorgrid.

= =4 -4 A
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3 SCOPE AND LIMITATIGNSTHE STATISTICS

The statistics comprise:

griddisturbances

faultscausing or aggravating a grid disturbance

grid disturbances thadisconneciend userdrom the network

outagein parts of the electricity system in conjunction with grid disturbances

= =4 -8 =

The statistics do not comprise:

faultsin productionunits

faultsdetected during maintenance

plannedoperational interruptions in parts of the electricity system

behaviourof circuit breakers and relay protection if they do not result in or extend a grid dis-
turbance

=A =4 -4 A

The statistics are limited to transmigsn units in commercial operation with a voltage of at least
100kV, including units for reactive compensation.

Figure4.11 showswhich components in the networkre included in the statistics. Power trans-
formers for the transmission of energy to lower voltages are included in the statistics. On the other
hand, generator stequp trangormers are not included. Power transformers for HYDC are not regis-
tered separatelybut as components in an HVDC unit.

20kv

@

—

Not included

EREB;

% >
. Included

Figure4.11 The dashedine rectangle shows the types of components which are included in the statistics

Units in trial operation whosevarranty period have not yet commenced are also included in the
statistics after connection to the network.
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4 DEFINITIONS

This chapter defines theentral concept®f these guidelinesThe definitions are of a general nature
and do not in themselves indicatee scope of the statistics. The scope of the statistickefsed in
Chapter3.

First, a grid disturbancand a multiple fault situatioms defined. Second, theifferent kinds of faults
are defined. Third, an outage is defined. Finally, the other concepts are defined.

4.1 GRID DISTURBANCE
A grid disturbance is defined:as

Outages, forced or unintended disconnection or failedamnection of breaker as a
result of Awlts in the power gridl].

A grid disturbance starts with a primary fault and may also consist of one or more secondary faults
or latent faults.

A forced disconnection is not classified as a grid disturbance if preeesdiion can be taken before
disconnection, for example through the restructuring of operatioHewever, permanent earth
faults in compensated networkare reported as disturbancesven though operations are restruc-
tured as the fault is sectioned off.

A failed manual connectiois a grid disturbance if repairs are carried out before a possible new at-
tempt at connection. Signal acknowledgement is not considered repair work.

A grid disturbance can, for example, be:

9 atripping of breakebecause ofightning striking a ling

9 afailed line connection when repairs or adjustments need to be carried out before the line
can be connected to the network

9 an emergency disconnection due to fire

1 an undesiredoower transformer disconnectiobecause ofaultsdue torelay testing

9 tripping witha successful highpeed automatic reclasg of a circuit breaker.

Each grid disturbance results in an outage affecting at least one system unit. See &&cibout
outagesand system units.

4.1.1 Duration of a disturbance
The duration of a disturbance is the time between the start of the first outage and the end of the last
outage.

4.1.2 Multiple fault situation
A multiple fault situgion occurs when grid disturbance has one or more secondary or latent fault
The cause of the grid disturbance is the same as the one indicated for the primary fault.

4.2 FAULTS

A fault is defined as
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The inability of a component to perform its requiredduon [2] [3].

A fault is any defect or deviation resulting in a unit being incapable of fulfilling its intended function
in the power system. A fault is:

aprimary fault or a secondary/latent fault
temporaryor permanent

intermittent or non-intermittent

1 asystem disturbance and fault in components

= =4 =9

Faults may be caused by inadequate power system units, system disturbances or flawed routines.

A fault which is intermittent and permanent is a fault whiahfirst was intermittent, but subse-
guently became permanent. An example could be galloping lines which turn into phase failure.

There are also different kinds of faults, which are described below.

4.2.1 Primary fault
A primary fault is defined as

A fault whichinitiates a grid disturbance [1].

The fault initiating a grid disturbance is called a primary fault. Any subsequent faults are called sec-
ondary faults or latent faults. A grid disturbance is always started by a primary fault. According to
Sectiord.1, the cause of the primary fault is also considered as the cause of the grid disturbance.

4.2.2 Secondary fault
A secondary fault is defined:as

A fault which occurs as a cegguence of a primary fault.

A secondary faulis a fault which is caused tgyprimary fault. An example of this is the breakdown
of a voltage transformebecause ohigh voltages in conjunction with an earth fault in a compen-
sated network.

However, only scondary faults aggravating the grid disturbance should be included in the statistics.
By aggravation is meant th#éhie secondary faultan cause additional outages in the system units
(see Sectiod.3). Furthermore, the grid disturbance is considered as having been aggravated if faults
other than the primary fault result in the disconnection of system units for longer than would have
been the case if there had only been a primary fault. For examplisconnectiordue to a line fault

may last longer in connection with a fault in a circuit breaker.

4.2.3 Latent fault
A latent fault is defined as

A fault which was present before the primary fault, but iest detected in connec-
tion with the occurrence of thgrimary fault.

A latent fault is not directly related to the primary fault. An example would be a fault in the relay
protection system.

As is the case with secondary faults, only latent faults aggravating the grid disturbance must be in-
cluded in the statics. See Sectioh2.2
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It should be noted that a defective redundant protection is normally not included in the statistics as
this is often a latent fault whictoes not aggravate the grid disturbance.

In some casesa grid disturbance may be caused by a latent fault, in which case the latent fault
should be included in the statistics. See the example in Se6tibh Had it not been for the latent
fault, the grid disturbance would not have happened in this example.

As it can be very difficult to distinguish between latent faults and secondary faults, these fault types
are treated as equal# the statisticsIn otherwords,they aresimplysummed up.

4.2.4 Permanent fault
A permanent fault is defined as

A fault which means that the component or unit is damaged and cannot be restored
to service until repair or replacementismpleted1].

A permanent fault requires repair or adjustment before the unit is ready for operaionexample,
the resetting of computers is consideradrepair workand aswitch in the wrong position is consid-
eredasa permanent faultSignal acknowledgement is not considered as repair work.

When determining if a fault is permanent or not, the duration of the disconnection is irrelevant.

4.2.5 Temporary fault
A temporary fault is defined as

A fault which means that thenit or component is undamaged and is restored to
service through manual switching operations without repair being performed, but
possibly with orsite inspectiorl].

Faults which do not require measures other than theoratection of circuit breakers, replacement
of fuses or signal acknowledgement.

When determining ifa fault is temporary onot, the duration of the disconnectiors irrelevant If,
for example, a fault results in lorgrm disconnection, and if aimspection is carried out without the
fault being pinpointed, such a fault is considered a temporary fault as no repairs are carried out.

4.2.6 Intermittent fault
An intermittent fault is defined as

A recurring fault in the same unit and in the same place andhe same reason
which repeats itself before it becomes necessary to carry out any repairs or eliminate
the causdl].

A fault which repeats itself after an inspectiamhich did not result in the fault being pinpointed o
repaired is not considered an intermittent faulf fault like this izonsidered ashe beginning of
grid disturbance every time the fault occurs.

One example of an intermittent fault is galloping lines.

4.2.7 Faultin component
A fault in a component isafined as

A fault which affects a specific component.
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Unlike a system disturbance, a fault in a component is attributable to a specific component.

Incorrectoperation isconsidered a fault in a componerdy in other words the incorrectoperation
isattributed to the unit which ha®een operated incorrectly

4.2.8 System disturbances
A system disturbance is defined as

A forced outage which results from system effects or conditions and is not caused by
an event directly associated with the component or beihg reported orfl].

System disturbances have traditionally been termed system problems. Only system disturbances
resulting in grid disturbances or aggravating a grid disturbance are included in the statistics.

The examfes below are termed system disturbances:

overfrequencyor underfrequency in a separate network
power fluctuations

overvoltageor undervoltage in parts of a network
harmonics

sub-synchronous resonance (SSR)

1 geomagneticallynduced currents (GIC)

=A =4 =4 -4 -9

4.2.9 Cause, pmary cause andnderlyingcause
A cause of a fault is defined:as

Cause relating to design, production, installation, operation or maintenance which
results in a faulf1].

Aprimary cause of a fauls defined as
Event or circumstance which leads to a fadijt
Anunderlying cause of a fault defined as
Event or circumstance which is present before a fault o¢tjirs

The cause of a fault musk indicated for each fault. All faults usually have a primary cadske
some faults also have underlying causéBe primary cause is the cause that has the most significant
impact on the fault

If, for example, a tower collapses due to snow or strotigds and the weather conditions are above
designed parameters of tower, the primary cause willdm®w orwind. However,if the weather
conditions werewithin the designed parameters of the tower, thgimary cause could be lack of
maintenance, lack of toar design or metal fatigue due to agirithe underlying cause of the fault
can thus be a condition which was present long before the occurrence of the grid disturbance,
whereas the grid disturbance does not occur until other circumstances appear

In the shtistics, only one cause igported. This is normally the primary cause, but if the primary
cause is unknown or unidentified, the underlying cause is used. If, for example, an isolator explodes
seemingly without any primary cause, the underlying causepsrted, which could be "technical
equipment".
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In the event of many faults occurring in the power system, it can be difficult to identify the exact
cause of the faults as there may be insufficient evidence. It is therefore recommeadegort the
most ikely cause as the cause insteadiofizy | Y2 6y € ®

All the countries or companies which provide data to the statistics have their own more detailed
categorisation of causes. Appendix A contains a ereiegence list showing howountries convert
the differentcauses into the categoriesed in the statistics

Table4.2.1 shows the catgorisation of causes appliedtime HVAC statistics-urthermore Appendix
Ashows how tle Nordic countries convert their own fault causes to the format of the fault catego-
ries in the HVAC statistics.

Table4.2.1 Fault causes

Fault cause Explanation

Lightning The category Lightning is separated from the environmental causesuse
its impactisinsignificant from a maintenance perspective. This is mainly

because théNordicgridis well protected against lightning

Other environmental Moisture, ice, low temperatures, earthquakes, pollution, salt, show, vege-

causes

tation, wind, heat, forest firesetc.

Exterral influences

Fre due to a third party animals and birds, aircraft, excavation, collision,
explosio, tree felling, vandaism.

Opeition and mainte-
nance

Lack of monitoring, fault in settings, fault in connection plan, fault in relay
plan, incorrect operation, fault in documentation, human fault.

Techngal equipment

Dimensioring, fault in technicaldocumentation (e.g., guidelines, manuals),
design, corroson, materials, installation, production, vibration, ageing

Other

Operating problems, faults at customers faults in other networks, prob-

lemsin conjunction with faults in other components, system causes, other

Unknown

4.3 OUTAGE AND SYSTEMISNI
Asystem unit is defined as

A group of components which are delimited by one or more circuit brefd§ers
An outage is defined as

The component or unisinot in the "in service" statén other wordsit is partially or
fully isolated from the systeifd].

The concepts of outagand system unighave been introduced with the purpose of getting an idea
of how grid disturbances affect the availability of different componemiety. The registration is
based on an IEEE stand§{l

A system unit is often the same as a component. The system unit concept has been defined with a
view to facilitating the calculation of availability. A system unit is déighby circuit breakers. Indi-
vidual components are not always delimited by circuit breakers, for which reason a system unit may
contain more components. The circuit breakers are not included in theraygnit.
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The type of the system unit is determineg its dominant component and the categories are follow-
ing:

Power transformer
Overhead line
Cable

Reactor

Busbar

Series capacitor
Shunt capacitor

T SvC.

=A =4 =4 48 -8 -4 4

When a system unit is no longer transporting or supplying electrical energy, the system unit is af-
fected byanoutage.The system unit is unavailabléex the outage hasccurred.

A system unitmay be unable tdransport energy due to another system uthiging disconnected
depending on the grid configuration the system unit is infdr example, tle line inFigure4.3.1 is
discomected, the power trasformer cannot transport energy. Both the line and the power trans-
former are then considered as having been affectedhgpoutage

The outage of a system unit may be caused by the failure of a component within the system unit, a
fault in a circuit breakebetween two system units or a system disturbance.

The system units are divided into different types according to the main functions they fulfil. Figures
4.3.1¢4.3.5show different types of system units.

O Breaker

<& Disconnector

Figure4.31 A system unit is delimited by circuit breakers as indicated by the dotted lines. Disconnectors do not delimit
system units. This system unit must be defined as being of the line type.

Figure4.32 If there are no power transformer circuit breakers, the line and the power transformer are considered as one
system unit. Whether the unit is considered a transformer or a line is determined by its primary function.
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Figure4.33 The busbar has no circuit breakers and together with the line it forms a system unit agighs the case in
Figure4.3.2, is said to be defined as being of the line type.

Figure4.3.4 A series capacitor is not delimited by one or more dircuit breakers accordng to the definition, but a series
capacditor bypasses a circuit breaker, which does not agree with the definition. The delimitation of a system unit of the
series capadtor type is sdeded in accordance with the above figure. If the line is affected by a grid disurbance, the
series capacitor is also affeced by outage.

4.3.1 Duration of a grid outage
The duration of an outage is defined as

The period from the onset of an outage occurrence until the componentor unit is
returned to the "in service" state [1].

Administrative delays (voluntary waiting time) should not be included in the duration of the out-
age.

4.4 OTHERDEFINITIONS

4.4.1 Ddivery point
A delivery point is defined as

Pdnt, power transormer or busbarin the grid where electricity is excharged.

The definition is a general definition and can in practice comprise all points, power transfamers
and bugbars. In the statistics, the delivery point is on the boundary of the statistical area. Another
term for delivery point isupgy point.

4.4.2 Enduser
An end user is defined as

Buyersof electrical energy who do not resell all the energy [1].

A buyer who resells some of the power is considered an end user.
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4.4.3 End-user interruption
An end-userinterruptionis defined as

Stuation characterised by the failure to deliver eledricity to one or more end users
when the voltage constitutes lessthan 1 per cent of the contractually agreed volt-
age [5].

Enduser interruption concerns only end users. Endiser interruption mayor may notbe notified.
End-userinterruption is of either longor shat duration.

4.4.4 Duration of end-user interruption
Theduration of an end-user interruptionis defined as:

The period from when the enduser interruption commenes until voltage is sup-
plied to end usersagain [1].

4.45 Interruption
An interruptionis defined as

Stuation characterised by the discantinuation of the delivery of electrical power to
one or more ddlivery points.

If an area has more than one delivery point frontransmission network, andninterruption occurs
in one of these delivery points, the magnitude of the interruptisthe electrical energy which was
exchangedn the delivery point prior to the interruption.

Theinterruption must be included even if no end users are affectedhgyend-user interruption
due to delivery via another delivepoint.

446 Lagterm interruption
A long-term interruptionis defined as

Enduserinterruption or interruption laging more than three minutes[5].

4.47 Short-term interruption
A short-term interruptionis defined as

Enduserinterruption or interruption laging up to three minutes|[5].

4.4.8 Energynot supplied
Energynot supplied (ENS)is defined as

The egimated energy which would have been supplied to end users if no interrup-
tionand no transmssion restrictionshad occurred [1].

The egimated magnitude is based on the expeced load curve throughout the duration of the in-
terruption. Load not reconnected after supplies to end users have been resuned, shodd not be
included in ENS

Sttistical data does not include disturbances inside installations owned by the enelsers, even if
they are over 100 k\One example can bean aluminium smelting plant.
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If an expected load curve is available, it is used to calculate ENSf not, ENSis approximated asthe
load before the interruption multiplied by the duration of the failure. If it is not possible to deter-
mine how much energy the end customdrd notreceive and the only available information is the
measurement from theclosestdelivery point from the transmission grid, the terBnergy Not Dis-
tributed (END should be used instead of ENS.

Tocalculatethe ENSthe enduser interruption must have lasted ftwnger than normal state opera-
tion time for control equipmentThis has beerstablished as the minimum duration so thébr
exampleautomatic reclosings not included

In the calculation of ENS the fact that some industries may experience a delay before production is
backto normal is not consideredFigure4.4.1 shows how ENSis calculated in this case.

Power Energy not supplied

i

Time

Beginning of disturbance
Start of industrial load

Industry back in normal operation

Figure4.4.1 Grid disturbance with end-user interruption for indudrial load.

However if a grid disturbance affects different end users for different lengths of time, ENSis calcu-
lated asthe shaded areain Figure4.4.2.
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Energy not supplied

Power

-~

» Time

Beginning of disturbance

Start of restoration

End of restoration

Figure4.4.2 Grid disturbance with end-user interruption affecting several end users.

Perdefinition, energy not supgdied also occus when the energy output is limited due to transmis-
sion restrictionsin the grid.

Figure4.4.3 showsan example of this. One of the feederlinesto the transformer is disconnected
due to a failure. The remaining line cannot supgdy the required output and results therefore in ENS
becausetransimisson must be redricted.

Included in statistics

}_D Trips

Disconnected before Mot included in statistics
load shedding

Limited
transfer
capability

ENS

Figure4.4.3 ENS due to transmission restrictions
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In order for ENS to be registered, the interruption caudimgENS must affect a system unit within
the statistical area. Sdeégures4.4.4¢4.4.7.

Included in statistics

S Mot included in statistics
Trips/

ENS ENS

Trips correctly

Figure4.44 Afailure in the downgream network causesan outage in a sysem unit within the statistical area resulting in
ENS As an outage causing ENSalso occurswithin the statistical area, this ENSmust be includedin the gtatistics with the
fault cause other statistical area

Trips unnecesmrilyn‘{

Included in stafistics

Mot included in statistics

Trips correctly

Figure4.4.5 This scenarioindudesa breaker on the lower side of thearansformer, in this case breaker within the statistics
trips unnecessarilyhe ENS values should be separ#tedssibleThe first ENEENS2)s for the line where the feedtipped
correctly(fault in another statisticahrea)and the otheENSENS 1)s for the feederwhere the breaker trippednnecessarily

Trips correctly

Included in statistics

Not included in statistics

ENS ENS

Figure4.4.6 ENS must be recorded whigre transformer is affected by a fault that causesan outage.
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M °

Included in statistics

Trips Not included in statistics
unnecessarily

Does not trip

ENS

Figure4.4.7 Incorrect settings in the protection system causes faults in the downstream network. The resulting ENS should
not be registered because no system unit, that is transmitting to the downstream netwalffiecied by the outage.

4.4.9 Unit
A unit isdefined as

A group of components which fulfils a main function in the power sysem [1].

Main function means transmission, transformation, compersation, etc.

4.4.10 Component
A compment is defined as

Equpmentwhich fulfils a main function in a unit [1].
See Section 4. 3 for an expanation of the differences between system units and comporents.

A faultmust be associated withne of the comporents listed in the table below. However,if the
fault is a system disturbane, it is not necessary to indicate the component. The table also shows
which sub-components are included inreachcomponent to supportin choosing the right component
for a fault It is important that faults are categorisedidenticallyin eachcourtry and company to
attain comparable results

Table 5.3 Qassification of components

Component ub-components included Qub-components
not included

Qirge arresersand | Active element Arresters and
spak gaps f Foundations spark gapson

. Sensors series capaditor

1 Isolators

1 Couners

1 Support structure
drcuit breakers 1 Breaking elemerts Bxternal com-
Disconnecting circuit 1 Foundations pressed-air sys-
e et beakers |1 lsolators tem

1 Cortrol equipment integrated in the circuit breaker

1 Operating mechanism

1 Support structure
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Component

ub-components included

ub-components
not included

Disconrectors and
earth connectors

Disconnector contacts

Foundationslsolator(s)

Cortrol equipment integrated in the discomector
Operating mechanism

Support structure

Canmon ancillary
equipment

= =4 =4 -4 A A8 8 8 9 -8 -2 -8 -9 -9

Local power

Compessed-air system

Buldings

Fencing

Dired-curent redifiers

Dired-curent system

Die<el unit

Distribution

Other equpment which is not high-voltage equip-
ment and which cannot be attributed to any of the
componerts indicated

Cortrol equipment

= =4

Alarm system

Automatics, such as synchronous and phasng devic-
es interlocking devices, sequential controls (DUBA,
voltage cortrols

Remde control (SCADA)

Cortrol cables

Installation cabinets

Local cortrol

Grid protection

Optic cables

Sgnal transmission (data communicaion)

Protection, including communication

Cortrol cables

Reclosing

Cortrol equip-
ment integrated
in other compo-
nentsis notin-
cluded. In con-
nection with
faultsin integrat-
ed cortrol
equipmert, the
relevant compo-
nentisindicated.

Power cables

= =4 =4 A A = =4 =4 -4 -8 a8 8 -8 -8 -9

Snsors

Caltes

Calde boxes and joints
Qil exparson tank
End terminations
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GComponent ub-components included ub-components
not included

Power transformers 1 Foundations, induding oil sumps

Bushing

Sensors, gas, tempeature and pressure guards, oil

level sensors

Coding, induding integrated automatics for coding

Cae

Windings

Tap changers and control equipment, induding inte-

grated automatics

1 Instrument transformers if integrated in power trans-
former

1 Tank

= =4

= =4 -4 A

Foundations Cortrol cables
Isolators and optic cables
Terminas are induded
Condutors, phase and earth under control
Arc horn equipment

Joint

Loop

Guy wires

Towers

Vibration dampe's

Foundations

Isolators

Cae

Winding

Voltage diverters

Support structure

Bredker, if integrated in indrument transfamer

Overhead lines

An overhead line termi-
nates at the first compo-
nent in a station

Ingrument trans-
formers

Reactors indusive of
neutral point reac-
tors

Foundations, induding oil sumps

Bushing

Sensors, gas, tempeaature and pressure guards, oil
level sensors

Coding, induding integrated coding automatics
Cae

Windings

Tap changers, including control equipment
Instrument transformers, if integrated in reador
Tank

Reactorswitch gear

=4 =4 4| =448 -a -8 -8 -8 a8 -8 a8 _9_9_9 929

=A =4 -4 -8 -8 -8 A
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Component

ub-components included

ub-components
not included

Synchronouscom-
penséaors

= =4 -4 A

Ancillary equipment

Integrated control equipment

Exdtation equipment

Machinery including all eledrical and mecharcal
parts

Sarting equipment

Busbas

The busbar includes
connection to the first
other component con-
nected to the busbar.
No distinction is made
between air and gas
insulated distribution
plants or indoor or out-
door distributionplants.

Density guard for GIS (gasinsulated substations)
Foundations

Insulation medium for GIS

Endosure for GIS

Bar

Loop

Support structures

Support isolator

Pressure guard for GIS

Earth conrectors

Series capacitors

= =4 =4 -4 A 8 4 -8 -8 -9 _9 -9 -9 _°2| -9

rge arresters and varistors

Spark gap

Caacitor

Resstor

Instrument transformer if integrated in shunt capaci-
tor battery or filter

Reactor

Support isolator

Shunt capacitor
batteries and filters

= =4 -4 -4 -8 4

Caacitor

Reactor

Resstor

Support isolator

Power capacitor if power
transfamer is desgned ex-
clusively for shunt capadtor
or filter

urge arresters if integrated
in shunt capacitor battery or L
filter

Instrument transformer if in-
tegrated in shunt capacitor =
battery or filter.

Not included

Included

o

. M—

SvCand statcom

= =4 4 8 -8 -9

Ancillary equpment

Caacitor

Integrated control equipment

Coding

Reactor

Power capacitor, if power cgpacitor is exclusvely de-
signed for SYCor gatcom

Valves,i.e., semiconductors such asGTOand IGTB

ENTS®
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GComponent ub-components included ub-components
not included

Other high-voltage 1 Other high-voltage equipment which cannot be at-
components in sta- tributed to any of the comporents indicated
tions 1 Carier frequency cails

1 Foundations

1 Conrections between comporents in a station

1 Bushings, though not integrated in other compments

I Loop

1 Sand

1 Support isolators which are not included under other

comporents

Unknown

4.4.11 Repair time
Repair time is defined as

Time from when repar commences, induding necessary trouble-shoding, until the
unidis@unction(s) has (have) been resumedand the unit is ready for operation [1].

Repair time is reported only forpermanent faultsand does not include administrative delays (volun-
tary waiting time).However, ay preparations necessary to carry out repairs, for example the collec-
tion or ordering of spare parts, waiting for spare pastdransport, are included in the repair time
The repair time is also consideraabe zerofi a fault is determined to be left urepaired

As of 2015, repair time is not mandatory to report because they are not included in the report any-
more.

4.4.12 Consumption

Energy consumption is the total amount of energy consumed in the respective reporting country. It
is used in the statistics tmeasure the severity of disturbances in relation to energy not supplied
because regional and local grids rely on the transmission grid for power and frequency control.
While a local grid can be almost salfipporting with its owrproduction and consumptigra disturb-

ance in the transmission grid could make the grid below fail.

4.4.13 Transmission
Transmission is defined as:

The transfer in bulk of electricity, from generating stations to areas of consumption

[6].
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5 QLASSIFICATI@¥GRIDDISTURBANGERULTSOUTAGESND
INTERUPTIONS

This chapter outlines the information to be registered for grid disturbances and how the material
should be classified into different groups. The figure below describes the information to be regis-
tered for every grid disturbance

|
|
Fault |
Serial number O
Reference to grid disturbance Outage Ll
Component type System unit
Voltage level Fault causing the outage
System earth Type of system unit
Fault in own or other statistical area Ll.n Energy not supplied (ENS
Gomponents fault or system disturbance Duration of end-user outage
Type of trip
Fault type Type of auto reclosing
l.n Primary fault or secondary/latent fault Outage time LI~
Disturbance Tempo_rary or permqnent f_ault
Intermittent or non-intermittent fault
Identification
Date Fault cause
Time Repair time* i

Interruption

Name of delivery point
Interruption (duration)

Figure4.4.1 A grid disturbanceis caused by faults and a fault can result in several outages. Grid disturbances can also
resut in none, one or seveal supgy interuptions.*Repair time is not mandatory to report but might be useful for internal
use.

Figure4.4.1 showsthat every grid disturbance haat least one fault. This also applies to outages;
one fault causes one or more outages. A grid disturbance can even ganseorseveral interrup-
tions.

5.1 QLASSIFICATI@R GRD DISTURBANCES

In the grid disturbancestatistics the date, time and classification of every single grid disturbance are
registered. ldentification could, for example, be in the form of a serial number counting from one
every new year.

When a grid disturbance registered, the definitions given in Seoti 4.1 must be fulfilled. Further-
more, at least one component with a minimum voltdgegel of 100kV or a component with reactive

A x4 A X

compensationmusk I S 0SSy RAaO02yySOuUd#eR Ay 2ySQa 24y adl
Thetable below describes the information to be registered for every gliglurbance.

Table5.1.1 Information to be registered for every grid disturbance
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Category Data

Identification A serial number,dr example, 2016-1, 2016-2.
Usually inthe form of a serial number counting from oneevery year. Not
important for the statistical compilation.

Date Date of grid disturbane, e.g., 201601-17

Time Timeof disturbance, e.g., 17:19:23.

5.2 QASSACAION OF FAULTS

Thesestatistics onlyconsiderfaults resulting in or aggravating grid disturbances. In case of a grid
disturbance, faults can occur in several components. These faults are registered individuetiyn

turn leads to the possibility of a grid disturbance having several faults, assheven inFigure4.4.1.
However, only one fault is regised if the fault aggravates within the component. Moreover, a grid
disturbance is always caused by at least one fault.

If a fault occurs duéo incorrect operation of circuit breakers and disconnedors, the fault must be
relatedto the component that has beenincorrectly operated Thusthe primary cause iseportedas
operation and maintenance.

If an intermittent fault results in several faults ihe samecomponent and in the same place within
a short perioddue to the same caus®nly one fault iseported.

The fdlowingtable describes thinformationthat must bereported for every single fault.

Table5.2.1 Information to be registered for every fault

Category Data
Seial number 1,2, 3 etc.
The serial numberounts from one for every grid disturbancg
Refrence to grid disturbance Identification of the disturbane, seeTable5.1.1
Component type SeeSction 4.4.10.
If the fault is a system disturbarce, the compment
type is optional.
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Category Data

Voltagelevel T 100c150 kV

The voltage level fggower transformers, SVCs, rotating phg 1 220c330 kV

compensators and common ancillary equipmeésit deter-

mpe : _ v equip 9 3800420 kV
mined in the following manner:

i Power transformes: the rated voltage of the wind|
ing with the highest voltage.

T SVCsshunt capacitors, shunt reactaxad rotating
phase compensatorshe voltage designed for reg
ulation.

1 Common ancillary equipmenthe highest voltage
in the station.

Sysem grounding 1 Directly earthed

Whether the power system is directly earthed or compq q CcmperBaIed (resonmt earthed)

sated. This information isptional for faults in unitswith

reactive compensation with voltages lower than 100 kV.

Faultin own or other statistical area T Own network

A component fault that occurs either in a component witl 1 Other network

your own statistical area or within another area. If the fg

occurs in another statistical area, nothinpre of the fault

needs to be reportedThe information can be filled in by

must, howeve, beremovedfrom the joint statistics.

Gomponent fault or system disturbance 1 Camponent fault

Only system disturbances causing or aggravating a grid q System disturbance

turbance needs to be registered. See sectib@srand4.2.8

Faulttypes 1 Sirgle-phaseearth fault

One fault can consist of several fault types. If a fault consis 1 Two or threephase with or without earth

several fault types, theost significanfault typeis used fault

In case of developing faulthat is infaults changing from ong 1 Fundion failing to occur

type to anotherthe final type is given. . . . .

P ' ypeis g I Undesied function; is only stated if the com-
ponent is a circuit breaker, discomector or
control system

1 Oscilation

1 Overload

1 Broken conductor without earth contact (A
broken condudor with an earth fault is re-
ferred to asa single-phase earth fault or two
or three-phased faults with or without an
earth fault)

1 Others, for example geomagnetic currents,
SR, capacitor bank imbalances, bad contact,
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Category Data
Primaryfault or secordary/latent fault 1 Prmary fault
The statistics do not distinguish between secondary and la| q Se:ondary/latent fault

faults. See sectioné.2.2 and 4.2.3 respectively for explana|
tions of secondary and latent faults.

Temporary or permanent fault 1 Pemanent fault

See sections 5.2.4 and 5.2.5. 1 Tempoary fault

Intermittent or non-intermittent fault T Intermittent faults

See Section.2.6 1 Norrintermittent fault

Fault cause SeeSection4.2.9

The fault cause must always teported If the fault causésa

combination of several fault causeshoose the most signifi

cant one

Repairtime Not required but may be useful for internal uddust

be given in hoursand minutes. Voluntary waiting time
shauld not be included. See Section 4.4.11

5.3 QASACAIONOFOUTAGES
Thefollowing must be stated for every single outage.

Table5.3.1 Information to be registered for every outage

Information Choices

Sysém unit Identification of the system unit affected by out-
The name of the system unit is used to calculate how often| gge,
same system unit is affected by outage. See Table 8.11.

Faultcausingthe outage Seral number of the fault which caused the out-

If two faults occur within the same system urfior(example,| ageaccordingto Table5.2.1.
wrecked surge arresters along with lightning faults) the f

causing the outage of the longest duration will be chosen.

Typeof systemunit SeeSetion 4.3.

Eneagy not supplied (ENS) See Setion 4.4.8 To calculate ENSthe end-user
outage must have lasted at least 2 seconcs.

Duration of interruption SeeSeation 4.4.4.

Charactrisation of the disconnection 1 Automatically

In case of a fault in the reclosing automatics resultingdk ¢d q Automaically with unsuccessful automatic

reclosingautomaticallyshould be chosen as an alternative. .
ga ¥ reclosing (fault current must have oc-

curred twice)
1 Manually
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Information Choices
Charactrisation of recosing 1 Automatically after less than 2 seconds
If high speed automatic reclosing is successful at one end of g (suaesdul high-speed reclosing)

but the line needs to be reclosed manually at the other g .
. y 1 Automatically after more than 2 seconds
choose manual reclosing.

In this documenthigh speed automatic reclosimgfers to auto- (delayed reclosing)

matic reclosing after less than 2 seconds. Manually after restructuring of operation
Manually after inspection

Manually after repair

Manually without either inspection, repair
or restructuring of operation

1 Unknown

1 Cthers

= —a —a —A

Duration of outage SeeSetion4.3.1

5.4 QLASSIFICATIQR INTERRUPTDNS
For every interruption, the data outlined in Table5.4.1 must be reported.

Table5.4.1 Information to be registered for every interruption

Category Data

Name of delivery point Name of the delivery point affected by outage.
Not relevant to thecompilation of statistics

Duration of interruption Thetime the interruption lasts.

However, 1 is only the delivery points in the own network that shoud be registered. Let us consid-
er the system inFigure5.4.1. If one company owns equipment on the 400 kV side and another
company owns equipment on the 130 kV side and a fault occurs on the 40030 kV transformer
only the 13(kV system registe@ninterruption.

Interruption
does not need to
be registered for

Interruption must
be registered for
these delivery

this delivery .
point. points.
Company A Company B
20 kV
| Y
400KV Aigpm
130 kV 130 kV 20 kv

Figure5.4.1 It is only the delivery paints from thetransmissiometwork to low voltagesthat are registered
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6 EXAMPIESOFCLASSIFICATIORGRIDDISTURBANS OURGES
FAULTSANDINTERRUPTIQIS

This chapter presents examples of different kinds of grid disturbanaghkich are designetb cover

all possible kinds of disturbancddost of the examples are constructed arourftetdirect earthed
network inFigure6.1. The network consists of thellowingsystem unitsline XY, line ¥Z, busbar X,
busbar Y and power transformer All the examples havéhe same date and timé order tomake

them clearer

O Breaker
< lsolator , BusbarY
/
; / . Line Y-Z
/ Line X-Y f,f
/

Station X / Stationy / Station 7
TN I A0 N
| | : |
“—."‘ =

t\ I -
Y e
\ Busbar X ~— BusbarY

Power transformer Y

Figure6.1 The network used in mostof the examples

6.1 HASHOVERONPOWER TRANSFORIERBUBHING DUETO SAT

Along with heavy onshore windflashover ¢r in other words ahort to earth) occurred on a 220/
isolator on the 220/60 kV power transformer W¥he transformer had begplaced outdoors in a sta-
tion close to the coastind investigations after the incident concludttht the isolator wa covered
with salt, which had dissipated completedjongwith the flashover.Furthermore, he transformer
bushings were not designed for outdoor u3de power transformer was loaded with 50 MW before
the fault occurred, and was operational again aftatftan hour. The downstream network was only
fed by this transformeand resulted therefore in 25 MWh ehergy not supplied.

The cause of the fault depends on already known or investigated conditions. The correct primary

cause will be the onehat is mos significant. If theowner knew thathe bushings were not designed

for outdoor and still madethe decision to placghe transformerthere due toa small probability of

adzOK 6SIFGKSNJ O2yRAGAZ2yas (KS OF dzheéStransforindrwa® S o 2 (i K
placed outdoors by mistakein planning or maintenanggl KS LINRA Y NB Ol dzaS GAf f 0
YIEAYUSYyl yOS¢ o

The data that should be reported about the incident is shown in the tables below.
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Table6.1.1 The grid disturbance data to be reported

Identification | 2016-1
Dae 2016-01-10
Time 10:01

Table6.1.2 The fault data to be reported

Serial number 1

Reference to grid disturbance 2016-1
Componenttype Power transformer
Voltagelevel 220¢330kV

Fault in own or other statistical area Oown
Component fault or system disturbance | Component

Systemearth Directearthed

Type of fault Sngle-phase earth fault
Primary fault or secondary/latent fault | Primary

Temporary or permanent fault Temporary

Intermitt ent or non-intermittent fault Non-intermittent

Fault cause Other environmental
Repair time Omin

Table6.1.3 The outage data to be reported

System unit Power transformer Y
Fault causingthe outage 1

Type of system unit Power transformer
Energynot supplied 25 MWh

Duration of end-user outage 30 min

Characterisation of disconnection | Automaticaly
Characterisation of redosing Manually after inspection
Duration of outage 30 min

Table6.1.4The interruption data to be reported

Name of deliverypoint | TransformerY
Duration of interruption | 30 min
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6.2 OUTAGEOFA LINEWHEN WORKS PERPRVIED ONA GONTROLUNIT

A current circuit was opened to the differential protective relay while working onthe relay protec-
tion system of the 400kV Y-Z line whichtripped the ling as seen ifrigure6.2.1. It took five minutes
to solve the problem and reconnect the line. Thepower transformer load was 50 MW.

Thefault is a permanent fault because the current circuit to the differential protedive relay had to
be reconneded before the line could be redosed manually.

Enegy not supplied is 0 MWh as the power transformer was fed via the X-Y line. Interruptions
shauld not be registered since no delivery points in the network were affected by interruption.

Tripped
Station X Station Y Station Z

— - /

Figure6.21 The scenario of an ¢age of line when work is performedon a cortrol unit.

The data that should be reported about the incident is shown in the tables below.

Table6.2.1 The grid disturbance data to be reported

Identification | 2016-2
Dae 2016-01-10
Time 10:01

Table6.2.2 The fault data to be reported

Serial number 1

Referenceto grid disturbance 2016-2
Componenttype Control equipment
Voltagelevel 400kV

Fault within own or other statistica area | Own
Component fault or system disturbance | Component fault

Systemearth Directearthed

Fault type Undesiredfunction

Primary fault or secondary/ latent fault Primary

Temporary or permanent fault Permanent

Intermitt ent or non-intermittent fault Non-intermitt ent

Fault cause Operation and maintenance
Repair time 5minutes
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Table6.2.3 The outage data to be reported

System unit LineY-Z

Fault causingthe outage 1

Type of system unit Line

Energynot supplied 0OMWh

Duration of end-user outage Omin
Cleracterisation of disconnection | Automaticaly
Cleracterisation of redosing Manually after repair
Duration of outage 5min

Table6.2.4 The interruption data to be reported

Name of deliverypoint | -
Duration of interruption | -

6.3 TWO LINE FAULTSVITHIN A FEW SECOIDS INTERVALOCOMBINEDWITH A OROUIT BREAER

FAULT REATEDTO THE PREVIOUSAULT
A single-phase earth fault occurred on the X-Y line causing high speed automatic reclosng asa re-
sut of lightning. Four secondslater, the line tripped again due to lightning. Thistime, lowever,the
high speed automatic redosing failed due to a fault in the circuit breaker in station Y. The faulty
circuit breakerwasrepaired after eight hours.

Thee are two disturbancesto be reported The first disturbance is reported below.

Table6.3.1 The grid disturbance data to be reported

Identification | 2016-3
Dae 2016-01-10
Time 10:01

Table6.3.2 The fault data to be reported

Serial number 1
Referenceto grid disturbance 2016-3
Componenttype Line
Voltagelevel 400kV

Fault within own or other statisticd area | Own
Component fault or system disturbance | Component fault

Systemearth Directearthed

Fault type 9ngle-phase earth fault
Primary fault or secondary/ latent fault Primary

Temporary or permanent fault Temporary

Intermitt ent or non-intermittent fault Non-intermitt ent

Fault cause Lightning

Repair time Omin

Page30 of 75

ENTS® I L { AjenuewCortenbergh 10@w 0@0 Brusselsw Belgium w Tel +32 2 741 09 50A info@entsoe.eu A www.entsoe.eu




GUIDELINES FOR THE CLASSIFICATION OF GRID DISTURBANCKS ABOVE 100

entso®

Table6.3.3 The outage data to be reported

System unit Line XY
Fault causingthe outage 1

Type of system unit Line
Energynot supplied 0OMWh
Duration of end-user outage | Omin

Characterisation of discon-

Automaticdly

Cleracterisation of redosing

Automaticdly after lessthan 2

Duration of outage

0

Table6.3.4

Name of delivery point | -

Duration of interruption | -

Imagine that the other disturbance is given the serial number 20164. This grid disturbance is af-
feded by two faults. The first fault is lightning, and the secondfault isin the circuit breaker. In this
case, the fault in the circuit breaker is induded as the disturbance is aggavated over time. This
disturbance is reported as shown in the tables below.

Table6.3.5 The grid disturbance data to be reported

Identification 20164
Dae 2016-01-
Time 10:01

Table6.3.6 The fault data to be reported

Serial number 1 2

Referencetothe grid disturbance 2016-4 20164
Componenttype Line Qrcuit breaker
Voltagelevel 400kV 400kV

Fault within own or other atistica area | Own Oown

Component fault or system disturbance | Component fault Component fault
Systemearth Directearthed Direct earthed

Fault type dngle-phase earth fault | Function failed to ocaur
Primary fault or secondary/ latent fault Primary Secondary/ latent fault
Temporary or permanent fault Temporary Pemanent

Intermitt ent or non-intermittent fault Non-intermitt ent Non-intermitt ent
Fault cause Lightning Technical equipment
Repair time Omin 8h

Table6.3.7 The outage data to be reported

System unit Line XY

Fault causingthe outage 1

Type of system unit Line

ENTS®
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Energynot supplied 0OMWh

Duration of end-user outage Omin
Cleracterisation of disconnection | Automaticaly
Cleracterisation of redosing Manually after repair
Duration of outage 8h

Table6.3.8 The interruption data to be reported

Name of deliverypoint | -
Duration of interruption | -

6.4 INCORECTCIRCUIBREAKEROPERATION

Qrcuit breakers in station Y on the X-Y line were operated incorrectly while the other end of the
line remaned conneded to the network, as demonstrated ifrigure6.4.1. The circuit breaker was
manually reclosed after five minutes. No customers were affected by the outage becausethe net-
work wasmeshed.

Station X Station Y Station Z

operation

Figure6.4.1 Incorrect circuit breaker operation.

The data that should be reported about the incident is shown in the tables below.

Table6.4.1 The grid disturbance data to be reported

Identification | 2016-4
Dae 2016-01-10
Time 10:01

Table6.4.2 The fault data to be reported

Serial number 1

Referenceto grid disturbance 20164
Componenttype Qrcuit breakers
Voltagelevel 400kV

Fault within own or other atistica area | Own
Component fault or system disturbance | Component fault

Systemearth Directearthed
Fault type Undesiredfunction
Primary fault or secondary/latent fault Primary fault
Temporary or permanent fault Temporary
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Intermitt ent or non-intermittent fault Non-intermitt ent
Fault cause Operation and maintenance
Repair time Omin

Table6.4.3 The outage data to be reported

System unit Line XY

Fault causingthe outage 1

Type of system unit Line

Energynot supplied 0OMWh

Duration of end-user outage Omin

Cleracterisation of disconnection | Manually

Cleracterisation of redosing Manually without either inspection
Duration of outage 5min

Table6.4.4 The interruption data to be reported

Name of deliverypoint | -
Duration of interruption | -

6.5 LINEFAULTAND ACROUIT BREAKERMALFUNCTION

The 22kV X-Y line was struck by lightning which causedingle-phase earth fault. Furthermore
the circuit breaker in station Y failed to trip. Therefore, the zone 2 protection in station Z tripped
the Y-Zline and the feeding to the 220/ 70 kV power transformer in station Y wasinterrupted caus-
ing an interruption of load. Sation Ywas inspected and5 minutes laterthe load could be rerouted
via the Y-Z line. Enegy not supplied increased to 7 MWh. High speed automatic reclosng took
place in X-Y line. The circuit breaker was repaired after two days. An overview of the incident can
be seen irFigure6.5.1.

Fault 1 , Fault 2
Station X aultt Station Y / Station Z

\
E | O Line X-Y \

220 kV

70 kV

Figure6.5.1 Line fault with a dircuit breaker malfunctioning

The grid disturbance hadao faults: a lightning fault and a circuit breaker fault. Four outagesoc-
curred: one in eachline, one in the power transfamer and one in the gathering strip. Interruption
must be registered for the power transformer.
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The data that should be reported about the incident is shown in the tables below.

Table6.5.1 The grid disturbance data to be reported

Identification | 2016-5
Dae 2016-01-10
Time 10:01

Table6.5.2 The fault data to be reported

Serial number 1 2

Reference to grid disturbance 2000-5 20005

Componenttype Line Qrcuit breakers

Voltagelevel 400kV 400kV

Fault within own or other statisticd area | Own Oown

Component fault or system disturbance | Component Component

Systemearth Directearthed Direct earthed

Fault type dngle-phase earth fault | Function failingto occur

Primary fault or secondary/latent fault Primary Secondary/ latent fault
Temporary or permanent fault Temporary Pemanent

Intermitt ent or non-intermittent fault Non-intermittent Non-intermitt ent

Fault cause Lightning Technical equipment

Repair time Omin 48h 0min

Table6.5.3 The outage data to be reported

System unit Line XY Line Y¥Z Busbar Y Power transformer Y
Fault causinghe outage | 1 2 2 2

Type of system unit Line Line Busbar Power transformer
Energy not supplied 0 MWh 0 MWh 0 MWh 7 MWh

Duration of enduser 0 min 0 min 0 min 45 min

outage

Characterisation of dis- | Automatically| Automatically Automatically | Automatically
connection

Characterisation of re- | Manually Manually after Manually after| Manually afterin-
closing after repair inspection inspection spection
Duration of outage 48 h 0 min 0 h 45min 0 h 45 min 0 h 45 min
Table6.5.4 The interruption data to be reported

Name of delivery point Power transformer Y

Duration of outage Oh45min
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6.6 SVCOUTAGEVITHAN UNRECOBISEDFAULT

An SVG with the indication SYGX, used for regulating thel30 kVvoltage tripped. While inspecting
the SVCno visible faults or indications possible causewere discovered The probable cause was
afault in the program assetsin the control equipment for operatingthe SYC.The control comptter

was not restarted andthus no repar was carried out. The reclosing of the SYCwas possble after

45 minutes.

For the report, beckthat the voltage level is set to 130 kV. Further instructions can bgeen in Ta-
ble 5.21. Also, f the control equipment is integrated into the SYC state the component type as
SvCand statcom, as inTable6.6.2. If the control equipment is not integrated, the componenttype
is stated as cortrol equipment.

Station X Station ¥ Station Z

‘ 130 kV

Figure6.6.1 S/C outage without a recogrised fault.

The data that should be reported about the incident is shown in the tables below.

Table6.6.1 The grid disturbance data to be reported

Identification | 2016-6
Dae 2016-01-10
Time 10:01

Table6.6.2 The fault data to be reported

Serial number 1

Referenceto grid disturbance 20166

Componenttype SvCand statcom or control equipment
Voltagelevel 130kV

Fault within own or other statisticd area | Own
Component fault or system disturbance | Component fault

Systemearth Directearthed
Fault type Undesiredfunction
Primary fault or secondary/latent fault Primary
Temporary or permanent fault Temporary
Intermitt ent or non-intermittent fault Non-intermittent
Fault cause Unknown

Repair time Omin
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Table6.6.3 The outage data to be reported

System unit SVGX

Fault causingthe outage 1

Type of system unit S/C

Energynot supplied 0OMWh

Duration of end-user outage Omin

Cleracterisation of disconnection | Automaticaly
Cleracterisation of redosing Manually after inspection
Duration of outage 45 min

Table6.6.4 The interruption data to be reported

Name of deliverypoint | -
Duration of interruption | -

6.7 MANUALLINE DISCONNECTION DUE TO A FAULTY QURRENT TRANSFORIER

A 400 kV current transformer was discovered to have an increased pressure len@gigischeduled
inspection of a statiorand was leaking oil, as shownhigure6.7.1. It was determined thathere
was a high risk ahe transformerexplodingsothe XYline with the current transformewas imme-
diately taken out of operationThe line anda repla@ment transformerwasreconnected after 16
hours.

This is considered a grid disturbance as it is an emergency outage according to 3ettidrihe
outage could have been postponed, it would not have been a grid disturbance and shotiaveot
been registered.

Station X Power transformer Station Y Station Z
leaked ol

— \

Figure6.7.1 Manual line disconnection due to a faulty current trandormer.

The data that should be reported about the incident is shown in the tables below.

Table6.7.1 The grid disturbance data to be reported

Identification | 2016-7
Dae 2016-01-10
Time 10:01
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Table6.7.2 The fault data to be reported

Serial number 1

Reference to grid disturbance 2016-7
Componenttype Instrument transformer
Voltagelevel 400kV

Fault within own or other statistica area | Own
Component fault or system disturbance | Component fault

Systemearth Directearthed

Fault type Other

Primary fault or secondary/latent fault Primary

Temporary or permanent fault Permanent

Intermitt ent or non-intermittent fault Non-intermittent
Fault cause Technical equipment
Repair time 16h

Table6.7.3 The outage data to be reported

System unit Line XY

Fault causingthe outage 1

Type of system unit Line

Energynot supplied 0OMWh

Duration of end-user outage Omin
Characterisation of disconnection | Manually
Characterisation of redosing Manually after repair
Duration of outage 16h

Table6.7.4 The interruption data to be reported

Name of delivery point | -
Duration of outage -
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6.8 LINE DISCONNECTIGNUSEDBY TEMPORAREARTHINEQUIPMENT BEING LEFTONLINE
Temparary earthing equipmenthad beenleft on the XY line in station “after maintenancehad
been performed on the X ling as shown irFigure6.8.1. Thiscaused the line to trip directly after
the line was energized. The temporary earthiaguipment was removed 20 minutes later, and it
was possible to usethe line again.

Station X Station Y Station Z
400 KV
Left temporary g
earthing —~
equipment

Figure6.8.1 Lne discomedion cawsal by tempaary earthing equipment being left onthe X-Y line in station Y.

Thedata that should be reported about the incident is shown in the tables below

Table6.8.1 The grid disturbance data to be reported

Identification | 2016-8
Dae 2016-01-10
Time 10:01

Table6.8.2 The fault data to be reported

Serial number 1
Referenceto grid disturbance 20168
Componenttype Line
Voltagelevel 400kV

Fault within own or other statisticd area | Own
Component fault or system disturbance | Component fault

Systemearth Directearthed

Fault type dngle-phase earth fault
Primary fault or secondary/ latent fault Primary

Temporary or permanent fault Permanent

Intermitt ent or non-intermittent fault Non-intermitt ent

Fault cause Operation and maintenance
Repair time 20min

Table6.8.3 The outage data to be reported

System unit Line XY

Fault causingthe outage 1

Type of system unit Line

Energynot supplied OMWh

Duration of end-user outage Omin
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Cleracterisation of disconnection | Automaticaly
Cleracterisation of redosing Manually after repair
Duration of outage 20min

Table6.8.4 The interruption data to be reported

Name of delivery point | -
Duration of outage -

6.9 LINEFAULT AND A FAULT IN THEHIGHSPEEDAUTOMATIC RECLOSNG EQUIPMENT

A single-phase earth fault occured on the 400kV Y-Z line due to lightning, as shown ifrigure6.9.1.
High speed automatic redosing was successfuin station Y but failed to take place station Z. In-
stead the circuit breakeiin station Z reclosedutomatically after one minute. The high speed auto-
matic reclosing was repaired after three datfse repair time being three hours.

This incident should be registered as a fault becabgddct that the high speed automatic redos-
ing malfunctionedresutsin the grid disturbance being aggavaed over time.

Station X Station Station £

= 5%4%4

Figure6.9.1 Line fault and fault in the high speed automatic recosing equipment.

The data that should be reported about the incident is shown intaiées below.

Table6.9.1 The grid disturbance data to be reported

Identification | 2016-9
Dae 2016-01-10
Time 10:01

Table6.9.2 The fault data to be reported

Serial number 1 2

Referenceto grid disturbance 20169 2016-9
Componenttype Line Control system
Voltagelevel 400kV 400kV

Fault within own or other statisticd area | Own own

Component fault or system disturbance | Component fault Component fault
Systemearth Direct earthed Direct earthed

Fault type Sngle-phase earth fault | Function failingto occur
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Primary fault or secondary/ latent fault Primary Secondary/ latent fault
Temporary or permanent fault Temporary Peamanent

Intermitt ent or non-intermittent fault Non-intermittent Non-intermitt ent
Fault cause Lightning Technical equipment
Repair time Omin 3h

Table6.9.3 The outage data to be reported

System unit LineY-Z

Fault causingthe outage 1

Type of system unit Line

Energynot supplied 0OMWh

Duration of end-user outage Omin
Cleracterisation of disconnection | Automaticaly
Cleracterisation of redosing Manually after repair
Duration of outage Imin

Table6.9.4 The interruption data to be reported

Name of delivery point | -
Duration of outage -

6.10 FAULT IN A GENERATGERNNECTEDD RECILY TO THE TRANSMISSON NETWORK

A hydro-power unit connected directly to the 228V transmission network trippedas shown in
Figure6.101. The frequencyf the network decreased causing an interruption of load. No system
unit above thevoltagelevel 100KV tripped.

Mo trip

————————— statistical lirmit

Figure6.10.1 Fault in a generator connected directly to the transmission network

Faults in production units, such as aggregate power transformers and generators, are not included in
the statistics. Neither is a network component with a voltage level lower thark¥0(Seé&hapter 3

for more information.) According to the definitions, this ithent did not occur within the statistical

area since the load did not trip.

Page40of 75

ENTS® I L { AjenuewCortenbergh 10@w 0@0 Brusselsw Belgium w Tel +32 2 741 09 50A info@entsoe.eu A www.entsoe.eu




GUIDELINES FOR THE CLASSIFICATION OF GRID DISTURBANCKS ABOVE 100 e n t S O@

6.11 POWER OSOLIATIONIN THE POWERSYSTEM

A change in the production evokeaer oscillation in the power system. According to Sedion 4.1,
a disconnection of a component is required in order for a situation to be consdered a grid disturb-
ance, and therefore nothing shoud be registeredin this case.

6.12 NUOEARFOWER STATIONUTAGE

A nuclear power station trippedwhich causedhe frequency of the grido decrease and the net-
work load limitsto be exceeded. The situation was resolved by starting gas turbines. This grid dis-
turbancedoesnot need tobe registered as neithehe aggregate power transformers ntie gen-
erators are included in thetatistics, as explained irfthapter 3.

6.13 INTERRIPTON OFA PAPERMILL IN A DOWNSTREAM NETWORK

A paper mill connected to a 40 kV network tripped when a capacity battery was energised in the
130kV network. The interruptionwas causedy switchingover voltages, which are normal when
connecting capacitors.

Thisincident should not be reported as thgid disturbancetook placein a network with a voltage
levelof less thanl00 kV.

6.14 OPERATION OF LOADEDISCCNNECORS

Befae beginningto work on any line, its circuit breaker and disconnector should be opened in con-
secutive order However, while doing this on line-¥,the circuit breaker had not openeahd when
the line disconnector was oped the disconnectothad a flashoverthe line tripped and the high
speed automatic reclosinigiled to occur This incident is demonstrated Figure6.14.1. The circuit
breaker did not open because the fuse had beemoved from the control equipment. Trip coil 2
tripped the circuit breaker after the short circuitithout damaginghe line disconnector. It took one
hour and five minutes to replace tHese.

Circuit breaker failure
/
StationY /  Flashover

Station Z

H1

Station X

—.

Control equipment:.-'“:

Figure6.14.1 Operaion of loaded dismnnectors.

There are two options when registering this grid disturbanoacerning the primary faulit was
either caused byhe flashover on the disconnector by thefault in the controlunit. If the flashover
on the disconnector was the primary fault, the faitthe control equipmentshould be registered
as a latenffault in the control equipment categoryA latent fault not aggravating the grid disturb-
ance is normally not included in the statistics. However, the questimm is whether the grid dis-
turbance would have taken place if the latent fault had not occurfBierefore fault number 2 is
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the fault in the control equipmentSee Sectiord.2.3for more information Theduration of the out-
age is related to the repair time dfie control equipment and not the work that was going to be
performed on thdine, so outage duration should be reportedas hour and five minute

On the other hand, if the control unit fauks registeredas the primary fault, the fault in the discon-
nector is registered as a secondary fault.

The tables blow show how the incident should be reportedtlife flashover on the disconnectaras

considered ashe primary fault.

Table6.14.1 The grid disturbancdata to be reported

Identification | 2016-15
Dae 2016-01-10
Time 10:01

Table6.14.2 The fault data to be reported

Serial number 1 2

Referenceto grid disturbance 2016-15 2016-15

Componenttype Disconnector Control equipment

Voltagelevel 400kV 400kV

Fault within own or other statisticd Oown Own

Component fault or system disturb- Canponent fault Component fault

ance

Systemearth Direct earthed Direct earthed

Type of fault Two or three-phased fault with Functionfailingto occur
or without earth contact

Primary fault or secondary/latent fault | Primaryfault Secondary/ latent fault

Temporary or permanent fault Temporary Permanent

Intermitt ent or non-intermittent fault Non-intermittent Non-intermittent

Fault cause Operation and maintenance Operation and mainte-

nance
Repair time Omin 1h5min

Table6.14.3 The outage data to be reported

System unit LineY-Z
Fault causingthe outage 2

Type of system unit Line
Energynot supplied 0OMWh
Duration of end-user outage Omin

Cheracterisation of disconnection
Cleracterisation of redosing
Duration of outage

Automatically, unsuccessful automaticredosing
Manually after inspection
1h5min
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Table6.14.4 The interruption data to be reported

Name of deliverypoint | -
Duration of interruption | -

6.15 UNUCESSEIL FOWERTRANSFORMERER@ATION DUE TO SBISTVE REAYSETTING

A 400/130 kV power transformer had to be energised but trippeonediately as the protective
relay settingof the transformerwere too sensitive to the inrush currerds shown irrigure6.151.
The second attempt aftanspection and relay adjustmemtas successful.

The cause is stated as operation and maintenance as the relay was set to be too sensitive. No energy
not supplied arose in relation to the disturbancetas downstream 130 kvietwork was meshed.
Therepair time wasone hour and 30 minutes, andthe outage laged one hour and 40 minutes.

Nointerruption should be registered as no delivery points in the network were affected by interrup-
tions, see Sectiob. 4.

Fault no
1

Station X Station Y Station Z

:E:I_D Control equipment 400 kV

130 kV

Figure6.151 Unsuccessul power transformer energisation due to senstive relay settings.

The data that should be reported about tireident is shown in the tables below.

Table6.151 The grid disturbance data to be reported

Identification | 2016-16
Dae 2016-01-10
Time 10:01

Table6.152 The fault data to be reported

Serial number 1

Reference to grid disturbance 2016-16
Componenttype Control equipment
Voltagelevel 400kV

Fault within own or other statisticd area | Own
Component fault or system disturbance | Component fault
Systemearth Directearthed
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Fault type Undesiredfunction
Primary fault or secondary/ latent fault Primary
Temporary or permanent fault Permanent
Intermitt ent or non-intermittent fault Non-intermittent
Fault cause Operation and maintenance
Repair time 1h30min
Table6.153 The outage data to be reported

System unit Power transformer Y
Fault causingthe outage 1

Type of system unit Power transformer
Energynot supplied OMWh

Duration of end-user outage Omin

Cleracterisation of disconnection | Automaticaly

Cleracterisation of redosing

Manually after repair

Duration of outage

1h40 min

Table6.154 The interruption data to be reported

Name of delivery point

Duration of interruption

6.16 EXPLODEBOWER TRANSFFORMERBUSHING

A bushing on the 400 kV side of a 400/130 kV power transformegxplodedwhich in turn caused a
short circuitthat tripped the power transformeyas shown irFigure6.161. The power transformer
was replaced by a spare power transformer after seven ¢ay$68 houry. The downstream 130 kV
network was fed via the defective transformer before the fault occurred. Therefore, energy not sup-
plied increased to 25 MWh beforthe load coud be supplied by means of spare feedes after 30
minutes. Sation Y wasbeing fed from stationsXand Z

Station X

]

Station Y Station Z
400 kV
\"% Fault 1
130 kV
Transformer A Transformer B
—————————————————————— limit

Figure6.16.1 Exploded power transormer bushing.
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The cause of the fault was determined to have been causechdigture that had penetrated the
bushingor by apoor contactin the bushing connectionthat allowedthe oil to heat. The fault was
attributed to ageing and the fault cause was thieported astechnical equipmentsee Table4.2.1.

Interruptions were registered for the delivery points Transformer A and Transfarmer B.

The data that should be reported about the incident is shown in the tables below.

Table6.16.1 The grid disturbance data to be reported

Identification | 2016-17

Dae 2016-01-10

Time 10:01

Table6.16.2 The fault data to be reported

Serial number 1

Reference to grid disturbance 2016-17
Componenttype Power transformer
Voltagelevel 400kV

Fault within own or other statisticd area Oown

Component fault or system disturbance Component fault
Systemearth Directearthed

Fault type Two or three-phased fault with or without earth con-
Primary fault or secondary/ latent fault Primary

Temporary or permanent fault Permanent

Intermitt ent or non-intermittent fault Non-intermitt ent
Fault cause Technical equipment
Repair time 168h

Table6.16.3 The outage data to be reported

System unit Power transformer Y

Fault causingthe outage 1

Type of system unit Power transformer

Energynot supplied 25MWh

Duration of end-user outage 30min

Characterisation of disconnection | Automatically

Characterisation of redosing Manually after restructuringof operation
Duration of outage 168h

Table6.16.4 The interruption data to be reported

Name of delivery point | Transformer A | Transformer B

Duration of interruption | 30 min 30 min
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6.17 LINE FAULTWITH SIMULTANEOWRULTS IN SURGE ARRESTERSAND ARCUIT BREAER

Lightning struck a 400 kV line just outside an outdoor station causirsinglephase earth faulthat
blew upthe f A yw&v@sirge arrestersas shown irfFigure6.17.1. The fragments from the explosion
also damagedmaisolator in one of the phases in the circuit breakdrich causedthree-phase short
circuits on the circuit breaker. The fawas disconnectetdy the circuit breakers of the power trans-
former and by the circuit breaker of the¥line in station Y. The defective circuit breaker was isolat-
ed manuallyafter 50 minutes after whib station Y could benergisedvia line XY.The repair time

for the circuitbreaker waseight hoursand nine hourdor the surge arrester. End users experienced

no energy supplied asstation Y wasfed from both station Xand station Z before the fault.

Station X Station Y Fault 1 Station 7

‘ 400 kV

Fault 2

TO KV

Figure6.17.1 Line fault with smultaneousfaults in surge arregersand circuit breaker.

Three faults occurred in connection with this disturbance: the lightning, the fault in the surge ar-
rester and thefault in the circuit breaker. The fault in the circuit breaker and the surge arrester
should be registered as they expatithe disconnected part of the networlor in other words,
aggravated the disturbanc@ he fault cause for the surge arrester is seé lightning.

If the surge arrester had broken down due to ageing or fault dimensioning, the fault cause would
have been technical equipment. The fault cause for the circuit breaker is stated as fault in conjunc-
tion with a fault in another componenthat is, other fault causesas seen inTable4.2.1.

Interruption must be registered for power transformer Y.

The data that should be reported about the incidensli®mwn in the tables below.

Table6.17.1 The grid disturbance data to be reported

Identification | 2016-18
Dae 2016-01-10
Time 10:01

Table6.17.2 The fault data to be reported

Serial number 1 2 3

Reference to grid disturb- 2016-18 2016-18 2016-18
Componenttype Line Surgearrester Qrcuit breaker
Voltagelevel 400kV 400kV 400kV
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Fault within own or other Oown Own Oown

Component fault or system Componentfault | Canponent fault Component fault

Systemearth Direct earthed Direct earthed Direct earthed

Fault type Sngle-phase Sngle-phaseearth | Two or three-phased fault
earth fault fault with or without earth contad

Primary fault or second- Primaryfault Soondary/l atent Secondary/ latent fault

ary/ latent fault fault

Temporary or permanent Temporary Pemanent Pemanent

Intermitt ent or non-

Non-intermittent

Non-intermittent

Non-intermittent

intermittent fault

Fault cause Lightning Lightning COther

Repair time Omin 9h 8h

Table6.17.3 The outage data to be reported

System unit LineY-Z Busbar Y Power transformer Y Line XY

Fault causingthe out- 1 3 3 3

Type of power unit Line Busbar Power transformer Line
Energynot supplied 0OMWh 0OMWh 0OMWh 0OMWh
Duration of end-user Omin Omin Omin Omin
Cleracterisation of Automaticdly | Automaticdly | Automatically Automaticdly

disconnection

Characterisation of Manually Manually Manually after inspec- | Manually after inspec-
redosing after repair afterinspec- | tion tion
Duration of outage 9h 50min 50min 50 min

Table6.17.4 The interruption data to be reported

Name of delivery point

Power transformer Y

Duration of interruption

50 min
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6.18 EARH FAULT IN A COMPENSATBEIWORKWITH A LATENT RELAYFAULT

Lightning struck a 13XV overhead line located in a compensated network eaalseda singlephase
short circuit (earth fault)This also trippedhe ¥-Z linedue to a relay faultThe line could be recon-
nected dter 30 secondsand the relay fault was repaired after a we€khe total repair time with
travel time was dours. The scenario is shown Figure6.181.

A temporary single-phase earth fault in a compensated network is normally not registered. Howev-
er, in this casethe earth fault trippeda circuit breakerand mustthusbe included.

Station X Station Y / Fault 1 Station Z
{1 | {1
Figure6.181 Earth fault in a compersated network with latent relay fault.
The data that should be reported about the incident is shown in the taeésny.
Table6.181 The grid disturbance data to be reported
Identification | 2016-19
Dae 2016-01-10
Time 10:01
Table6.182 The fault data to be reported
Serial number 1 2
Referenceto grid disturbance 2016-19 2016-19
Componenttype Line Control equipment
Voltagelevel 132kV 132kVv
Fault within own or other gatistica area | Own Oown
Component fault or system disturbance | Component fault Component fault
Systemearth Compensated Compensated
Fault type dngle-phasearth fault | Undesiredfunction
Primary fault or secondary/ latent fault Primary Secondary/ latent fault
Temporary or permanent fault Temporary Pemanent
Intermitt ent or non-intermittent fault Non-intermitt ent Non-intermitt ent
Fault cause Lightning Technical equipment
Repair time Omin 4h
Table6.183 The outage data to be reported
System unit LineY-Z
Fault causingthe outage 1
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Type of system unit Line

Energynot supplied 0OMWh

Duration of end-user outage Omin

Cleracterisation of disconnec- Automaticdly

Characterisation of redosing Manually without either inspection, repair or restructuring of opera-
Duration of outage 30 secs

Table6.184 The interruption data to be reported

Name of deliverypoint | -
Duration of interruption | -

6.19 FAULT IN A RDILNETWORWITH A ORQIT BREAKERFAILNG TO TRP

Station X fed a radiatlirect earthed networkhrough a132 kV line Furthermore, this line fedwo

132/20 kV transformer stationstations Y and Asseen inFigure6.191. The line betveen stations

Y and Z sustained a thrghase earth fault due to a fallen treeudng a severe storntiowever, the

Y% fAYySQa OANDdzA G OoNBIF TSN FIFAf SR lirstead, Nde tidcud S O dza S
breaker in power station X tripped.

Does not
Station X Station Y work Station Z

\ Trips

20 kV 20 kV

Figure6.191 Fault on a radial feeder line with circuit breaker failing to trip.

The defective circuit breaker was isolated manually after 25 minutes, after which station Y could be
energised vidhe XYline. The circuit breaker was repaired after two hoarsl 35 minutes later the
tree wasremoved.

Energy not suppliedmountedto 25 MWh in station Y anb 17 MWh in station Z. Interruptions for
the respective transformers musie registered.

The datathat should be reported about the incident is shown in the tables below.

Table6.19.1 The grid disturbance data to be reported

Identification | 2000-20
Dae 2000-01-10
Time 10:01
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Table6.192 The fault data to be reported

Serial number 1 2

Reference to grid disturbance 2000-20 2000-20
Componenttype Line Circuit breakers
Voltagelevel 132kv 132kv

Fault within own or other Oown Own
statisticalarea

Component fault or system disturbance | Component fault Component fault
Systemearth Direct earthed Direct earthed
Fault type Two or three-phased fault with or | Failed to occur

without earth contact

Primary fault or secondary/latent fault Primary Secondary/ latent fault
Temporary or permanent fault Permanent Permanent
Intermitt ent or non-intermittent fault Non-intermittent Non-intermittent
Fault cause Other environmental causes Other environmental
Repair time 2h35min 2h

Table6.193 The outage data to be reported

System unit LineY-Z Powertransformer | Line XY

Fault causingthe outage 1 1 2

Type of system unit Line Powertransformer | Line

Energynot supplied 0OMWh 17 MWh 0OMWh

Duration of end-user outage Omin 2h35min Omin

Characterisation of disconnection | Automaticaly | Automatically Automaticaly
Characterisation of redosing Manually Manually Manually

Duration of outage 2h35min 2h35min 25min

Table6.194 The outage data to be reported

System unit Power transformer | Busbar Y Busbar Z

Fault causingthe outage 2 2 2

Type of system unit Power transformer | Busbar Busbar

Energynot supplied 25 MWh 0OMWh 0MWh

Duration of end-user outage 25min Omin Omin

Characterisation of disconnection | Automatically Automaticdly | Automaticaly
Characterisation of redosing Manually Manually Manually

Duration of outage 25min 25min 2h35min

Table6.195 The interruption data to be reported

Name of delivery point | Power transformer Z | PowertransformerY

Duration of interruption | 2h 35min 25min
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6.20 LINE FAULT WITH UNEXPECTERELAY TRP

A station fed from two 400 kV lineswasinterrupted because of lightning that struck and short cir-
cuited the Y¥Z line. Furthermore, the-X line tripped unexpectedly because it was equipped with an
old relay type that had a tendency to trip while transitioning from a shpdiase earth fault taa
three-phased short circujtas shown irFigure6.201. Fortunately, the condition of the relay on the
XY line was known by the staffinke ¥Zreclosedrapidly andautomatically after less than two sec-
ondswhileline XY reconnected after fiveninutes.

Tripped
Station X Station Y Station Z

B — /ﬁ 7

TO0kV

Figure6.201 Line fault with unsdective relay trip.

For the reporting, no ENS needs to be calculated becthesenduser outagdastedless than two
secondsas explained irsection4.4.8 Furthermore the relay protection systerfault is permanent.
There § also mrmallyarepair time associated with a permanent falut sincethe relay protection
system was known to be flawed, it is evaluated as zero.

Interruption for the transformer must be regstered. The duration of the interruption is setto 0
minutes.

The data that should be reported about the incident is shown in the tables below.

Table6.20.1 The grid disturbance data to be reported

Identification 2016-21
Dae 2016-01-
Time 10:01

Table6.20.2 The fault data to be reported

Serial number 1 2

Reference to grid disturbance 2000-21 2000-21

Componenttype Line Control equipment

Voltagelevel 400 400

Fault within own or other statistica Own Oown

éeniponent fault or system disturbance | Gomponent fault Component fault

Systemearth Direct earthed Direct earthed

Fault type Two or three-phased fault with | Undesiredfunction
or without earth contact
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Primary or secondary/l atent fault Primary Secondary/l atent fault
Temporary or permanent fault Temporary Peamanent

Intermitt ent or non-intermittent fault Non-intermittent Non-intermittent
Fault cause Lightning Technical equipment
Repair time 0 0

Table6.20.3 The outage data to be reported

System unit LineY-Z LineXY

Fault causingthe outage 1 2

Type of system unit Line Line

Energynot supplied 0OMWh 0MWh

Duration of end-user outage Omin Omin
Cleracterisation of disconnection | Automaticaly Automatically
Characterisation of redosing Automaticdly after lessthan 2 secs | Manually

Duration of outage Omin 5min

Table6.204 The outage data to be reported

System unit Busbar Y Power transformer Y
Fault causingthe outage 2 2

Type of system unit Busbar Power transformer
Energynot supplied 0OMWh 0MWh
Characterisation of disconnection | Automaticaly | Automatically
Characterisation of redosing Automaticdly | Automatically
Duration of outage Omin Omin

Table6.205 The interruption data to be reported

Name of delivery point

Power transformer Y

Duration of interruption | Omin
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6.21 INTERVITTENT LINE FAULTDUE TO WIND
Wind caused the phase leadsin the 132 kV X-Yline to gallop, whichreaulted in five sucaessve trips
and ahigh speed automatic reclosing shortly after each oneThis is an example of an intermittent
fault as short circuiting in the same place within a shat period of time causes more trips without
the possibility to eliminate the cause, as explained in Sectiagh2.6

For the report, ondault per component should be registerddthe interval between thalisconnec-

tionsis longer one fault per component and disconnection should be registered. Furthermore, five

outagesmust be registered.

The data that should be reported about the incident is shown in the tables below.

Table6.211 The gril disturbance data to be reported

Identification | 2016-22
Dae 2016-01-10
Time 10:01

Table6.212 The fault data to be reported

Serial number 1

Referenceto grid disturbance 2016-22
Componenttype Line
Voltagelevel 132

Fault within own or other gatistica area | Own
Component fault or system disturbance | Component fault
Systemearth Direct earthed
Fault type Two or three-phased fault with or without earth contad
Primary fault or secondary/ latent fault Primary
Temporary or permanent fault Temporary
Intermitt ent or non-intermittent fault Intermitt ent

Fault cause

Other environmental causes

Repair time

Table6.213 The outage data to be reported

System unit Line XY Line XY Line XY

Fault causingthe outage 1 1 1

Type of system unit Line Line Line

Energynot supplied 0OMWh 0OMWh 0OMWh

Duration of end-user out- Omin Omin Omin

Characterisation of discon- | Automaticaly Automaticadly Automaticaly
Characterisationof redos- | Automaticalyafter Automaticadlyafter Automaticdlyafter less
ing lessthan 2 seconds lessthan 2 seconds than 2 seconds
Duration of outage 0 0 0]
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Table6.214 The outage data to be reported

System unit Line XY Line XY

Fault causingthe outage 20016-9 20169

Type of system unit Line Line

Energynot supplied 0OMWh 0MWh

Duration of end-user outage Omin Omin
Cleracterisation of disconnection | Automaticaly Automaticdly
Cleracterisation of redosing Automaticdlyafter | Automaticdlyafter
Duration of outage 0 0

Table6.215 The interruption data to be reported

Name of delivery point -
Duration of delivery point | -

6.22 FAULTINOTHER STATISTICAEA®UING OUTAGEN OWN STATISTICAL AREA

An unknavn cause short-circuitedthe Y% € Ay S Ay O Firthdrnyoee a rel@FaultdMNA R
station X causedthe overhead line X Ay O2 Y LJo¥lso trip.(TBe lirkdNdiefe reconnected
manually after all affected stations had been inspectdte X-Y linewas reconnectedafter 30
minutes andthe Y-Z line after 45 minutesThis network, which is also showmkigure6.22.1, was

fed from both directionsand the lines had no capabilities for automatic reclosing. It took four hours
and 45 minutes to repair th relayfault and energy not suppliedor the transformer in station Y
amountedto 10 MWh.

Did not
trip

Company A : Company B
|
Station X : Station Y _~ Tripped . StationZ
[ " -
g ‘ 220 kV |
\ |
\ |
‘' Faulty trip |
|
|
|
|
|

40 kV

Figure6.22.1 A fault in one companys network causing outage in anather compaly@ network.

Bvenif the line is reclosed, the relay fault is permanent until the relay hasbeen repaired. Vduntary
waiting time should not be included in the repair time, as explained irsedion 4.4.11 A possble
planned outage to repair the relay shodd not be included in the statisticsasit is a planned outage.
Conpany A does not need to do any other cassfications than the ones showvn below for fault
number 1, which was the primary fault in companyBQ area.
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Campany A with the relay fault prepares the report according to the tables belaw

Table6.221 The grid disturbance data to be reported

Identification | 2016-23
Dae 2016-01-10
Time 10:01

Table6.222 The fault data to be reported

Serial number 1 2

Reference to grid disturbance 2016-23 2016-23
Componenttype Catrolequipment
Voltagelevel 220 220

Fault within own or other statistica area | Other statistical area | Own

Component fault or system disturbance Canponent fault
Systemearth Direct earthed

Fault type

Undesired function

Primary or secondary/l atent fault Primary Soondary/l atent fault
Temporary or permanent fault Permanent

Intermitt ent or non-intermittent fault Non-intermittent
Fault cause Other Technica equipment
Repair time 4h 45min

Table6.223 The outage data to be reported

System unit Line XY

Fault causingthe outage 2

Type of system unit Line

Energynot supplied 0OMWh

Duration of end-user outage 30 min

Characterisation of disconnection | Automatically

Characterisation of redosing Manually

Duration of outage 30min

Table6.224 The interruption data to be reported

Name of delivery point | -
Duration of interruption | -

Campany B with the line fault preparesthe report according to the tables belaw

Table6.225 The grid disturbance data to be reported

Identification | 2016-23
Dae 2016-01-10
Time 10:01
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Table6.226 The fault data to be reported

Serial number 1 2

Reference to grid disturbance 2016-23 2016-23
Componenttype Line

Voltagelevel 220 220

Fault within own or other statistica area | Own Cther statistical area
Component fault or system disturbance | Component fault

Systemearth Direct earthed

Fault type Two or three-phased fault

Primary fault or secondary/latent fault Primary

Temporary or permanent fault Temporary

Intermitt ent or non-intermittent fault Non-intermittent

Fault cause Unknown Technical equipment
Repair time Omin 4h45min
Table6.227 The outage data to be reported

System unit LineY-Z Power transformerY | Busbar Y
Fault causingthe outage 1 2 2

Type of system unit Line Power transformer Busbar
Energynot supplied 0OMWh 10MWh 0OMWh
Duration of end-user outage 45 min 30 min 30min
Characterisation of disconnection | Automaticaly | Automaticaly Automaticaly
Characterisation of redosing Manually Manually Manually
Duration of outage 45 min 30 min 30min

Table6.228 The interruption data to be reported

Name of delivery point

Power transformer Y

Duration of interruption | 30 min
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6.23 DOUBLE EARTH FAULT IN A CVPENSATED NETWORK

A falling tree caused aearth faultin the R phase of the-X line which in turrcaused high phase
voltages in the two other phasesid damagedthe S phase of aoltage transformer in station )Xas
seen inFigure6.231. Thus a double earth faulhad occurred and line X had tripped correctly in
both ends. The earth fault in theZ'line disappeared automatically after the tree had been burned
down and theX-Yline could be reconnected after the voltage transfornhad beenreplaced which
took 24 hours

Station X Station Y Station Z

—t

R phase

S phase

Figure6.231 Doulle earth fault in a compensated network.

The data that should be reporteabout the incident is shown in the tables below.

Table6.231 The grid disturbance data to be reported

Identification | 2016-24
Dae 2016-01-10
Time 10:01

Table6.232 The fault data to be reported

Serial number 1 2

Referenceto grid disturbance 2016-24 2016-24
Componenttype Line \oltagetransformer
Voltagelevel 132kV 132kVv

Fault within own or other atistica area | Own Oown

Component fault or system disturbance | Component fault Component fault
Systemearth Compensated Compensated

Fault type gngle-phase earth fault | Sngle-phase earth fault
Primary fault or secondary/ latent fault Primary Secondary/ latent fault
Temporary or permanent fault Temporary Peamanent

Intermitt ent or non-intermittent fault Non-intermitt ent Non-intermitt ent
Fault cause Other environmental COther

Repair time - 24h

Table6.233 The outage data to be reported

System unit Line XY
Fault causingthe outage 1
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Type of system unit Line

Energynot supplied 0OMWh

Duration of end-user outage Omin
Cleracterisation of disconnection | Automaticaly
Cleracterisation of redosing Manually after repair
Duration of outage 24h

Table6.234 The interruption data to be reported

Name of deliverypoint | -
Duration of interruption | -

6.24 OUTAGE OF PARALEL POWER TRANSFORMERS DUE TO A TAP CHANGER FAULT AND

OVIRIOAD
The 400/130 kV power transformer T1 tripped because the tap changer wasin the middle posi-
tion. Themain spring in the tap changer mechanism of one of the phases was brokkeis. over-
loadedthe power transformer Tand consecutively tripped. The 130 kV level loadas adjusted
and 10 minutes later the power transformélr2 wasreinstatedwithout inspection.An overview of
the scenario is presented Figure6.24.1.

Station X Station ¥ Station 7

‘ 400 kV

Transformer T1 \ v Transformer T2

130 kV

Figure6.24.1 Ouage of pardlel power transformers due to tap changer fault and overload.

The power transformer T1 was operational again after five days even thoughthe repar only took
40hours. The 130kV network is meshal, and therefore no end-user outage occurred.

No interruption should be registered as no delivery points in the network were affectethdoin-
terruption, as explained irsedion 5.4.

The data that should be reported about the incident is shown in the tables below.

Table6.24.1 The grid disturbance data to be reported

Identification 2016-25
Dae 2016-01-
Time 10:01
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Table6.24.2 The fault data to be reported

Serial number 1 2

Reference to grid disturbance 2016-25 2016-25

Componenttype Power transformer Power transformer

Voltagelevel 400kV 400kV

Fault within own or other satistica area | Own Oown

Component fault or system disturbance | Component fault Component fault

Systemearth Direct Direct

Fault type Other Overload

Primary fault or secondary/latent fault Primary Secondary/ latent fault

Temporary or permanent fault Peamanent Temporary

Intermitt ent or non-intermittent fault Non-intermittent Non-intermitt ent

Fault cause Technical equipment | Other

Repair time 40h Omin

Table6.24.3 The outage data to be reported

System unit Power transformer | Power transformer T2

Fault causingthe outage 1 2

Type of system unit Powertransformer | Powertransformer

Energynot supplied 0OMWh 0OMWh

Duration of end-user outage | Omin Omin

Characterisation of discon- Automaticdly Automaticaly

Characterisationof redosing | Manually after Manually without inspection, repair or restructuring
repair of operation

Duration of outage 120h 10min

Table6.24.4 The interruption data to be reported

Name of delivery point | -

Duration of interruption | -
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6.25 LINE FAULT WITH AN END-USEROUTAGEN THE DOWNSTREAM NETWORK

Lightningcaused a singlphase earth fault orthe 130 kV X linewhich disconnected th0 kV
downstream network Furthermore, the20 kV downstreamnetwork was only fed via the X-Y line
because the ¥ line was under maintenance, as seefigure6.251.

Station X Station Y Station Z
v Out of
130 i
O service o
S phase
20 kV

Figure6.251 Line fault with an end-user outage in the downstream network.

Thetotal load before the disturbance was 50 MW in the 20 kV network. Both the X-Y line and the
power transformer Y werdnspected and30 minutes afterthe disturbance they were also recon-
nected with 820 MW load.The rest of the 50 MW load was reclosg@ minutedater.

Energy not supdied is cdculated as the energy that shoud have been delivered had the outage
not occurred, as explained irfsedion 4.4.8,. In this case, it is recommendetb calculatethe energy

not suppliedas—tuv ™ WQ —to ™ ®Q o W ®Q as shown irFigure6.252. However, the
methodfor calculatinghe energy not suppliechaydiffer for another compaw in practice

Power
» .
MW Energy not supplied

oy

20

—t 14
Time
0 30 50 60 min.

Figure6.252 A visual representatioof how to calculate thenergy not supplied in the example of Sectidh
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The data that should be reported about the incident is shown in the tables below.

Table6.251 The grid disturbance data to be reported

Identification | 2016-26

Dae 2016-01-10

Time 10:01

Table6.252 The fault data to be reported

Serial number 1
Reference to grid disturbance 2016-26
Componenttype Line
Voltagelevel 130kV

Fault within own or other statisticd area | Own
Component fault or system disturbance | Component fault

Systemearth Direct earthed

Fault type Sngle-phase earth fault
Primary fault or secondary/ latent fault Primary

Temporary or permanent fault Temporary

Intermitt ent or non-intermittent fault Non-intermitt ent

Fault cause Lightning

Repair time Omin

Table6.253 The outage data to be reported

System unit Line XY Power transformer Y
Fault causingthe outage 1 1

Type of system unit Line Power transformer
Energynot supplied 0OMWh 15MWh

Duration of end-user outage 50 min *) 50 min*)
Characterisation of disconnection | Automaticaly Automatically
Characterisation of redosing Manually after inspection | Manually after inspection
Duration of outage 30 min 30min

*) The end-useroutage lasting the longest is stated.

Table6.254 The interruption data to be reported

Name of delivery point Power transformer Y
Duration of interruption 30 min

6.26 OUTAGEOFA LINEWITH A SRESCAPACITOR

A two-phasedearth fault tripped the 400kV X-Y line and its ®ries capacitor X-Y, as shown irFig-
ure 6.261. The high speed automatic reclosing of the line was sucaessfu and the series capacitor
was also Ppassedautomaticaly. The series capacitor wasspected and 1.5 hours after the incident
it was putback iro operation.
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Series capacitor X-Y
Line X-Y

1
1
Station X ' ! Station Y

- v
/ J

Figure6.26.1 Ouageof line with series capaitor.

The data that should be reported about the incident is shown in the taaésy.

Table6.26.1 The grid disturbance data to be reported

Identification | 2016-27
Dae 2016-01-10
Time 10:01

Table6.26.2 The fault data to be reported

Serial number 1
Referenceto grid disturbance 2016-27
Componenttype Line
Voltagelevel 400kV

Fault within own or other statisticd area | Own
Component fault or system disturbance | Component fault

Systemearth Direct earthed

Fault type Two or three-phased with or without earth contact
Primary fault or secondary/ latent fault Primary

Temporary or permanent fault Temporary

Intermitt ent or non-intermittent fault Non-intermitt ent

Fault cause Lightning

Repair time Omin

Table6.26.3 The outage data to be reported

System unit Line XY Seriescapadtor X-Y
Fault causingthe outage 1 1
Type of system unit Line Seriescgpadtor
Energynot supplied OMWh 0MWh
Duration of end-user outage Omin Omin
Cleracterisation of disconnection | Automaticdly Automatically
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Cleracterisation of redosing Automaticdly after lessthan 2 secs Manually after inspec-
tion
Duration of outage Omin 1h30min

Table6.26.4 The interruption data to be reported

Name of delivery point | -
Duration of outage -

6.27 FAULT IN UNDEROKV NETWORK

I O02YLRYSYil 2y GKS f26SNJ aARS 2F G(GKS (GNFXyafFz2N)XS
stream network as shown irFigure6.27.1. The fault is also situated on the lower side of the trans-

former. The transformer trips correctly on the 100 kV side. Therefore, no faults or ENBeigdo

ported in the statistics.

Contrarily afault and ENS woulde reported if the faulthadbeen on the transformer.

’

Included in statistics

1L -
Trips‘/"'

ENS ENS

Trips correctly

Figure6.27.1 Fault on the lower side of a 100/20 kV transformer

Pages3 of 75

ENTS® I L { AjenuewCortenbergh 10@w 0@0 Brusselsw Belgium w Tel +32 2 741 09 50A info@entsoe.eu A www.entsoe.eu




GUIDELINES FOR THE CLASSIFICATION OF GRID DISTURBANCKS ABOVE 100

7 GUICELINESFOR CALCULATINKGE NUMBER OF COMPONENTS

To be able to calculate fault frequencies for components, it is imperative to know the number of
individual componerts. Table6.27.1 shows how the number of the various components is calculat-

ed.

Table6.27.1 How to calculate the number or length of various components

Component

Calculation of number and kilometres

Overhead lines

Is calculated as total length per kilometre and voltage level.

Cables

Cable length is considered as the cable distension multiplied by the numbe
parallel cable connections. Thus, if there are tveogtlel cable connections, th
cable length is twice the distance between the connection points of the cab

Power transformers

A power transformer with a separate regulating transformer is considere
one component. A power transformer consistingtlfee singlephase units ig
considered as one component.

Instrument trans-
formers

Instrument transformers are counted as individual components. One comp
nent for onephased units and three components for thrphased unitsThis

was changed in 2018 to sitify the calculations and to make the comparison
betweencountries more factual.

Circuit breakers

Circuit breakers are considered as one component per tiptegesed unit. Dis-
connecting circuit breakers (DCB) are considered circuit breakers.

Controlequipment

The number of control equipment should equal the number of circuit breakg

Busbars

The number of busbars is considered as one per voltage level and station.
and C busbars are not considered as separate bars.

Common ancillary
equipment

Thenumber of common ancillary equipment should equal the number of stg
tions.

Disconnectors and
earth connectors

Disconnectors and earth connectors are considered as one component pe
three-phased unit. Earth connectors and disconnectors are considertdoas
components.

Reactors inclusive o
neutral point reac-
tors

Reactors inclusive of neutral point reactors are considered as one compon
per threephased connection organ.

Series capacitors

Series capacitors are considered as one component per {hinesed connec-
tion

Shunt capacitor
batteries and filters

Shunt capacitor batteries and filters are considered as one component per
three-phased connection organ.

Surge arresters and
spark gaps

Surge arresters and spark gaps are counted as individaabonents. One compo-
nent for onephased units and three components for thrphased unitsThis was
changed in 2018 to simplify the calculations and to make the comparison betw
countries more factual.

SVC and statcom

SVCs and statcom are considersdbae component per unit.

Synchronous com-

Rotating phase compensators are considered as one component per unit.

pensators
Other high voltage | The number of other high voltage appliances should equal the number of s
appliances tions.
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